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Foreword (5241 т 


This edition of the U.S. Geological Survey (USGS) Minerals Yearbook discusses the performance of the worldwide minerals and 
materials industries during 2012 and provides background information to assist in interpreting that performance. Content of the 
individual Minerals Yearbook volumes follows: 

‹ Volume I, Metals and Minerals, contains chapters about virtually all metallic and industrial mineral commodities important to the 
US. economy. Chapters on survey methods, summary statistics for domestic nonfuel minerals, and trends in mining and quarrying 
‘nthe metals and industrial mineral industries in the United States are also included. 

+ Volume IT, Area Reports: Domestic, contains a chapter on the mineral industry of each of the 50 States and Puerto Rico and the 
Administered Islands. This volume also has chapters on survey methods and summary statistics of domestic nonfuel minerals. 

+ Volume Ш, Area Reports: International, is published as four separate reports. These regional reports contain the latest available 
minerals data on more than 180 foreign countries and discuss the importance of minerals to the economies of these nations 
and the United States. Each report begins with an overview of the region's mineral industries during the year. It continues with 
individual country chapters that examine the mining, refining, processing, and use of minerals in each country of the region and 
low each country's mineral industry relates to U.S. industry. Most chapters include production tables and industry structure tables, 
information about Government policies and programs that affect the country's mineral industry, and an outlook section. 

The USGS continually strives to improve the value of its publications to users. Constructive comments and suggestions by readers 

ofthe Minerals Yearbook are welcomed. 


Suzette M. Kimball, Director 
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Contacts 


Information about the U.S. Geological Survey, its programs, staff, and products may be accessed on the Internet at http://www.usgs. 
gov or by contacting the Earth Science Information Center at 1-888-ASK-USGS. For specific information about this publication, 
contact the Director, National Minerals Information Center, by mail at U.S. Geological Survey, 12201 Sunrise Valley Drive, 988 National 
Center, Reston, МА 20192, or by email at nmicrecordsmgt@usgs.gov, or call at (703) 648—4961. Additional minerals information may ђе 
accessed on the Internet at http://minerals.usgs.gov/minerals/. 
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SURVEY METHODS FOR NONFUEL MINERALS 
By Jeffrey P. Busse 


The U.S. Geological Survey (USGS) collects worldwide 
data on a broad selection of commercially important nonfuel 
mineral commodities. These data form the basis to analyze 
and disseminate information on minerals essential to the 
US. economy. 

The USGS data collection activity was instituted by the 
47th Congress in the appropriations act of August 7, 1882 
(22 Stat. 329), which placed the collection of mineral statistics 
onan annual basis. The most recent authority for the USGS 
survey activity is the National Materials and Minerals Policy, 
Research and Development Act of 1980 (Public Law 96-479, 
4 Stat. 2305). The Act included provisions to strengthen 
protection for proprietary data provided to the U.S. Department 
of the Interior by respondents engaged in any phase of mineral 
or mineral-material production or consumption. 


Data Collection Surveys 


The USGS begins the collection of domestic nonfuel 
minerals and materials statistics by appraising the information 
requirements of government and private organizations of the 
United States. Requirements that can be met by collecting 
data бот minerals establishments аге posed as questions on 
USGS Surveys. Figure 1 shows a typical survey form. 

Specific questions about mineral commodity activities, such 


as production, shipments, consumption, and recycling are 
structured in the surve 


x Thus, the mineral cycle from exploration and production 


ough recycling is covered by approximately 150 monthly, 
quarterly, semiannual, and annual surveys. 
After the survey form has been designed, a list of the 

appropriate establishments to be canvassed is developed. 

it Sources are used to determine which companies, mines, 

idus о аге included on the survey mailing 

Safety i н m Federal organizations (such as the Mine 

ени Administration), trade associations, industry 

Mean Е and trade publications and directories аге 

a Wi = that are used to develop and update survey 
ew exceptions, a complete census of the list of 


e 1 . 
m is used rather than a sample survey. 
aperwork Reducti i 
gency that duction Act requires that any Government 


| Wants to collect i i 
мнр lect information from 10 or more 


Ofice o FON establishments must first obtain approval from the 


anagement and Budget (OMB), which approves the 


need to collect th 
е dat | 
Ovemment pap ү industry from unwarranted 


control number on the Survey forms (fig. 1). 


Survey Processing 


The USGS | 
Шу | 
Each year the usce сш 21,000 establishments. 


115 about 34.00 
ina mai ‚000 forms for 
Imately 150 different surveys. Each completed survey 
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y forms to provide meaningful aggregated 


erwork. This approval is indicated by the OMB 


form returned to the USGS undergoes extensive analysis, 
including computerized checks, to ensure the highest possible 
accuracy of the mineral data. The statistical staff monitors all 
surveys to ensure that errors are not created by reporting in 
physical units different from the units requested on the form. 
Relations between associated measures, such as produced crude 
ore and marketable crude ore, are analyzed for consistency. 
Engineering variables, such as recovery factors from ores and 
concentrates, also are used. The totals for each form are verified, 
and currently reported data are checked against prior reports to 
detect possible errors or omissions. 

The USGS has developed a Web-based electronic forms 
system as required by the Government Paperwork Elimination 
Act (GPEA). This electronic system was designed to 
speed the collection and analysis of minerals information. 

As of December 2012, approximately 100 canvass forms, 
accounting for all the annual responses covered by GPEA, are 
available electronically. 

Survey Responses.—To enable the reader to better understand 
the basis on which the statistics are calculated, each mineral 
commodity chapter includes a section about domestic data 
coverage. This section briefly describes the data sources, the 
number of establishments surveyed, the response percentage, 
and the method of estimating the production or consumption 
for nonrespondents. 

To produce reliable aggregated data, the USGS has procedures 
for handling instances of nonresponse. Failure to respond to the 
initial survey results in a second contact; this is either a second 
mailing of the paper form or an email in the case of electronic 
respondents. If the second request does not produce a response, 
then telephone calls are made to the nonrespondents. The 
followup calls provide the necessary data to complete the survey 
forms and (or) to verify questionable data entries. Periodic 
visits to mineral establishments also are made by USGS mineral 
commodity specialists to further knowledge of the industry 
and to explain the importance of the establishment's reporting. 
By describing the use of the published statistics and showing 
the impact of nonresponse, the USGS strives to encourage 
respondents to give complete and accurate replies. 

Estimation for Nonresponse.—-In accordance with the 
OMB Standards and Guidelines for Statistical Surveys (2006), 
the USGS strives for a 95% response rate of the quantity 
produced or consumed (depending on the survey) for certain key 
statistics. Response rates are periodically reviewed. For those 
surveys with low response rates, commodity specialists attempt 
to convert nonrespondents to respondents, through company and 
industry contacts. 

When efforts to obtain a response to a survey fail, estimation 
or imputation techniques must be used to account for missing 
data. Some of the estimation methods depend on knowledge of 
prior establishment reporting; other techniques rely on external 
information to estimate the missing data. When survey forms are 


1.1 


received after the current publication has been completed, the 
forms are reviewed, necessary imputations are made for missing 
data, and the survey database is updated. The revised data are 
reported in subsequent publications, or corrections are posted on 
the USGS Web site. 

Protection of Proprietary Data.—The USGS relies on 
the cooperation of the U.S. minerals industry to provide 
the mineral data that are presented in this and other USGS 
minerals information publications. Without a strong response 
to survey requests, the USGS would not be able to present 
reliable statistics. The USGS, in turn, respects the proprietary 
nature of the data received from the individual companies and 
establishments. To ensure that proprietary rights will not be 
violated, the USGS analyzes each of the aggregated statistics 
to determine if the data reported by an individual establishment 
can be deduced from the aggregated statistics. If, for example, 
there are only two significant producers of a mineral commodity 
in a given State, then the USGS will not publish the State total 
because either producer could readily estimate the production of 
the other. It is this obligation to protect proprietary information 
that results in the withheld entries indicated with the symbol 
“W” in the published tables. If a company gives permission in 
writing, however, then the USGS may publish the data as long 


as the data from other respondents are protected from disclosure. 


International Data 


International data are collected by USGS country specialists 
and international data coordinators. The data are gathered from 
various sources, which include published reports of foreign 
Government mineral and statistical agencies, international 
organizations, the U.S. Department of State, the United Nations, 
the Organization of Petroleum Exporting Countries, and 
personal contact by specialists traveling abroad. Each February, 
approximately 200 questionnaires requesting estimates of 
mineral production for the country for the preceding year are 
sent to foreign organizations. Missing data are estimated by 
USGS country specialists on the basis of historical trends and 
the specialist's knowledge of current production capabilities 
in each country. 


Publications 


The USGS disseminates current and historical minerals 
information through printed publications and its Web site. 
Printed Publications.—The Minerals Yearbook summarizes 
annually, on a calendar-year basis, the significant economic 
and technical developments in the mineral industries. 
Three volumes are issued each year—volume I, Metals and 
Minerals; volume II, Area Reports: Domestic; and volume III, 
Area Reports: International. Volume I presents, by mineral | 
commodity, salient statistics on production, trade, consumption, 
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and other measures of economic activity. Volume II reviews the | 

U.S. minerals industry by State and island possessions. Volume р 
III is published as four separate regional reports that cover more 

than 175 foreign countries; these reports contain individual 

country chapters that examine the mining, refining, processing, 

and use of minerals in each country in the region and how | 
they relate to U.S. industry. Volume III chapters also contain у 

information on fuels. 

The Mineral Commodity Summaries (MCS), which is an 
up-to-date summary of more than 90 individual minerals and 
materials, is the earliest Government publication to furnish 
estimates that cover the previous year's nonfuel mineral 
industry data. It contains information on the domestic industry 
structure, Government programs, tariffs, 5-year salient domestic 
statistics, and a summary of significant events, trends, and 
issues in the domestic and international minerals industry during 
the past year. 

The Minerals Yearbook and the MCS may be purchased 
by mail from the U.S. Government Printing Office, 

Р.О. Box 979050, St. Louis, MO 63197-9000; telephone, 
(202) 512-1800 or (866) 512-1800 (toll-free); or Web site, | 
http://bookstore.gpo.gov. 

Electronic Publications.—Current and historical minerals 
information 15 available through the USGS Web site at 
http://minerals.usgs.gov/minerals/. The Web site provides USGS 
minerals information products as well as USGS contacts for 
minerals information and links to other mineral-related sites | 
on the Internet. | 

Mineral Industry Surveys (MISs) contain timely statistical 
and economic data on minerals. The surveys are designed to 
keep government agencies, the mineral industry, the business 
community, academic institutions, trade associations, and 
the public informed of trends in the production, distribution, 
inventories, and consumption of minerals. Frequency of issue 
depends on the demand for current data. MISs are released 
monthly, quarterly, or annually. 

The Metal Industry Indicators (MIT) report, which is 
published monthly, contains indexes that measure the current 
and future performance of three U.S. metal industries. For 
each of the three industries, a composite coincident index 
and a composite leading index have been developed based 
on procedures and data similar to those used to construct The 
Conference Board's coincident and leading cyclical indexes 
for the national economy. The MII report also contains several 
indicators for metal prices. The Nonmetallic Mineral Products 
Industry Indexes report, also published monthly, contains 
leading and coincident indexes that measure the current and 
future performance of the industrial minerals industry. The 
indexes were designed by using the same procedures as the 
USGS metal composite indexes. 
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FIGURE 1 


USGS Form 9-4045-M A TYPICAL SURVEY FORM OMB Control No. 1028-0068 
Fer. (rev. 2/16/2011) Approval expires: 7/31/2014 
INDIVIDUAL COMPANY 
UNITED STATES DATA - PROPRIETARY 
y DEPARTMENT OF THE INTERIOR | 
5: A03 U.S. GEOLOGICAL SURVEY Unless authorization is granted in the 
кисе for achanging world 986 NATIONAL CENTER section above the signature, the data 


furnished in this report will be treated 
in confidence by the Department of the 
n Ren thal ey may be 
disclosed to Federal defense agencies, 
IRON ORE (Usable ore) or to the Congress upon official request 
for appropriate purposes. Unless 
objection is made in writing to the 
USGS, the information furnished in this 
report may be disclosed to the 
respondent's State Geological Survey 
(ог similar State Agency) if the State 
has appropriate safeguards to prevent 
disclosing company proprietary data. 


| FACSIMILE NUMBER 


(Please correct if name or address has changed.) 1-800-543-0661 


RESTON, VIRGINIA 20192 


Public reporting burden for this voluntary collection of information is estimated to average 10 MINUTES per response. A Federal agency may not conduct or sponsor, and a 
person is not required to respond to a collection of information unless it displays a valid OMB control number. Comments regarding this collection of information should be 
directed to: U.S. Geological Survey, Statistics and Information Systems Section, 988 National Center, Reston, VA 20192. Please do not mail canvass forms to this address. 


Collection of nonfuel minerals information is authorized by Public Law 96-479 and the Defense Production Act. This information is used to support 
executive policy decisions pertaining to emergency preparedness, national defense, and analyses for minerals legislation and industrial trends. The USGS 
relies on your voluntary and timely response to assure that its information is complete and accurate. 


Please return this form in the enclosed envelope or fax to the above toll-free number by the 15TH OF THE MONTH following the reporting period. 
Complete a separate form for each mineral establishment that was active during the reporting period. A mineral establishment is defined as a single 
physical location where mineral operations are conducted; for example, a mine only, a mine and preparation plant, or a preparation plant only. If you do 
not have exact data, please enter your best estimates and mark with an /e. Use zero (0) when appropriate. Do not report decimals or fractions. Round 
tothe nearest whole number. If you have nothing to report, please complete Section 1, sign, and return the form. Please use the space for "Remarks" to 
provide any specific information that will help us in the use or interpretation of the data. Any statement on the effect of changes in economic conditions 
upon the reporting establishment will be useful. Additional forms are available upon request. 


If you have any questions concerning completion of this form, please contact the Mineral Commodities Data Unit, U.S. Geological Survey, 985 National 
Center, Reston, VA 20192, Telephone (703) 648-7960. 


SECTION 1. Mine or group covered by this report. 


Name State __________________ County 


SECTION 2. Stocks, production, and shipments of usable ore for the report month. 
Report only ore products as shipped to consumer, such as direct-shipping ore, concentrate, or agglomerates. 
Report ores produced in the United States only; do not include imports. 


Weight unit 
Mark (Х) one 
(2) 


Physical inventory 
Adjustment only 
(3) 


Beginning 
stocks 
(4) 


Usable ore 
(1) 


l'on ore (containing less than 
5% Mn, natural) 


Production 
Mp 


SECTION 3, Please indicate any mines opened or closed by your company during the month. 
Remarks: 


А 


Мау tabulations be published which could indirectly reveal the data reported above? [_] (1) Yes [C] (2) No 
Signature 


t Pb on Масова Paper 
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STATISTICAL SUMMARY 
By Joseph M. Krisanda 


The world production table was prepared by Glenn J. Wallace, international data coordinator. 


This annual report summarizes data on nonfuel mineral 
production! for the United States, its island possessions, and the 
Commonwealth of Puerto Rico. 

Although nonfuel mineral production may be measured at any 
stage of extraction and processing, the stage of measurement 
used most commonly in this annual report is what is termed 
“mine output.” This term refers to minerals or ores in the 
form in which they are first extracted from the ground, but 


customarily may include the output from auxiliary processing at 
or near the mines. 


'The terms “nonfuel mineral production” and related “values” encompass 
variations in meaning, depending upon the mineral products. Production may 
be measured by mine shipments, mineral commodity sales, or marketable 
production (including consumption by producers) as is applicable to the 
ndividual mineral commodity. All 2012 U.S. Geological Survey (USGS) 
mineral production data published in this chapter are as of September 2014. For 
some mineral commodities, such as construction sand and gravel, crushed stone, 
and portland cement, estimates are updated periodically. To obtain the most 
curent information, please contact the appropriate USGS mineral commodity 
specialist, Specialist contact information is available on the Internet at http:// 
minerals. uses. gov/minerals/contacts/comdir.html; alternatively, specialists” 
шше and telephone numbers may be obtained by calling USGS information 
at (703) 648-4000 or by calling the USGS Earth Science Information Center 
at 1-888-ASK-USGS (275-8747). Minerals Yearbook chapters (for mineral 
commodities, States, and countries) and Mineral Industry Surveys are also 
available on the Internet at http://minerals.usgs.gov/minerals. 
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For copper, gold, lead, silver, and zinc, the quantities listed 
are recorded on a mine basis (as the recoverable content of ore 
sold or treated). The values assigned to the quantities, however, 
are based on the average selling price of refined metal, not the 
value of the mined material. 

The total value of all nonfuel mineral production in the 
United States in 2012 increased to $75.6 billion, which was a 
slight increase compared with that of 2011; metals decreased 
to $34.7 billion, which was a decrease of 4%; and industrial 
minerals increased to $40.9 billion, an increase of 5% (table 1). 

In 2012, the value of nonfuel mineral production for the 
following 14 mined commodities was, in descending order of 
production value, greater than $1 billion: gold, stone (crushed), 
copper, cement (portland), sand and gravel (construction), iron 
ore (usable shipped), phosphate rock (marketable), molybdenum 
concentrates, sand and gravel (industrial), lime, soda ash, 
zinc, salt, and silver. They accounted for 90% of the U.S. total 
production value (table 1). 

In 2012, the value of nonfuel mineral production in the 
following 22 States was, in descending order of production value, 
greater than $1 billion: Nevada, Arizona, Minnesota, Florida, 
Alaska, Texas, Utah, California, Wyoming, Missouri, Michigan, 
Colorado, New Mexico, Georgia, Pennsylvania, Montana, New 
York, Illinois, Virginia, Kansas, Wisconsin, and Ohio. They 
accounted for 82% of the U.S. total production value (table 3). 


2.1 


TABLE 1 


NONFUEL MINERAL PRODUCTION IN THE UNITED STATES" ^? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


Mineral 
Metals: 

Beryllium concentrates" metric tons 
Copper” 

Gold? kilograms 
Iron ore, usable shipped 

Lead? metric tons 
Molybdenum concentrates? do. 
Palladium? kilograms 
Platinum? do. 
Rare earths, REO equivalent? metric tons 
Silver” kilograms 
Vanadium metric tons 
Zinc? do. 


Combined values of magnesium metal, titanium 
concentrates, tungsten, zirconium concentrates, and 
value indicated by symbol W 
Total 

Industrial minerals, excluding fuels:’ 

Andalusite 

Barite 


metric tons 


Cement? 
Masonry 
Portland 

Clays: 

Ball 

Bentonite 

Common 

Fire 

Fuller's earth? 

Kaolin 
Diatomite 


Feldspar" 
Garnet, industrial? 
Gemstones, natural 


metric tons 


 Gypsumcmd? _ 0 0 00 0 00000. 
Helium: 


Crude million cubic meters 
Grade-A do. 
Kyanite metric tons 
Lime 
Mica, crude metric tons 
Peat 


Perlite, crude metric tons 


_ Perite, crude eee 
Phosphate rock, marketable’ 
Potash, gross weight! 


Soe eS ee EL 


Pumice and pumicite metric tons 
Salt 
Sand and gravel: 
~ Construction 
Industrial | 
ETT RN 


Stone: 


Crushed!” 
Dimension 


OOOO MMSN O mms 


О ал ое 


Tri oli? metric tons 
See footnotes at end of table. 
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2010 


Quantity 


4,460 
1,110 
231,000 
50,600 
356,000 
59,400 
11,600 
3,450 
1,280,000 
1,060 
723,000 


XX 
XX 


(8) 
662 


1,900 
64,500 


912 
4,600 
11,900 
216 
2,050 
5,950 
595 
550 
52,600 
NA 
10,200 


49 

129 
93,400 
18,300 
56,100 
605 
414,000 
25,800 
2,400 
296,000 
43,500 


807,000 
32,300 
10,600 


1,160,000 
1,670 
604 
108,000 


~ 


Value 


NA 
8,520,000 
9,130,000 
5,000,000 

854,000 
3,580,000 
199,000 
179,000 
829,000 
13,700 
1,620,000 


364,000 


30,300,000 


W 
51,000 


251,000 
5,870,000 


41,300 
266,000 
146,000 

6,120 
201,000 
817,000 
178,000 

33,400 

7,910 

10,000 

70,600 


115,000 
697,000 


29,000 > 


1,950,000 
8,250 
14,800 
21,600 
1,980,000 
660,000 
7,080 
1,690,000 


5,890,000 
1,150,000 
1,360,000 


11,100,000 


323,000 
19,100 
20,000 


e 


e 


= 


2011 
Quantity 


5,920 
1,110 
234,000 
55,600 
334,000 
63,700 
12,400 
3,700 


1,120,000 


590 
743,000 


XX 
XX 


5,000 * 
710 


1,760 
66,100 


886 
4,990 ' 
11,700 
215 
1,950 
5,950 г 
813 


590 ^ 


56,400 
МА 
10,500 ' 


43 
127 
98,200 
19,100 
52,000 ' 
595 
420,000 
28,100 
2,300 
398,000 ' 
45,500 


808,000 ' 
43,800 ' 
10,700 


1,160,000 


1,850 " 
616 
73,700 


Value 


NA 
9,960,000 
11,800,000 
5,530,000 
895,000 
3,830,000 
295,000 
205,000 
1,270,000 
7,570 
1,740,000 


446,000 
36,000,000 


720 * 
61,200 


237,000 * 
5,820,000 * 


40,900 
304,000 ' 
141,000 

6,360 ' 
194,000 
851,000 ' 
219,000 

40,500 

9,760 

11,000 

86,200 ' 


117,000 
731,000 
31,000 © 
2,130,000 
6,890 ' 
13,500 
23,600 
2,720,000 
740,000 
10,800 ' 
1,770,000 


6,050,000 ' 
2,000,000 
1,580,000 


11,200,000 
395,000 ' 

21,800 

16,500 


e 


2012 
Quantity Value 
5,570 NA 
1,170 9,450,000 
235,000 12,600,000 
52.900 * 5,190,000 
336,000 845,000 
60,400 3,040,000 
12,300 257,000 
3,670 184,000 
3,000 W 
1,060,000 1,060,000 
272 3,620 
713,000 1,510,000 
XX 523,000 
XX 34,700,000 
5.000 * 720 * 
666 74,500 
1.930 259,000 * 
72,200 6,390,000 * 
973 45,100 
4,980 311,000 
11,700 121,000 
183 4,870 
1,980 182,000 
5.080 873,000 
735 210,000 
520 |! 35,700 
46,900 8,600 
NA 11,300 
15,800 121,000 
44 126,000 
128 784,000 
98,500 31,000 
18,800 2.230,000 
47,500 6,070 
484 11,800 
396,000 20,500 
30,100 3,080,000 
2.200 750,000 
397,000 11,100 
34.900 1,460,000 
812,000 6,210,000 
50,700 2,670,000 
11,100 1,740,000 
1,170,000 11,400,000 
2,150 452,000 
515 17,100 
120,000 18,900 
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TABLE 1—Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES! 2,3 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2010 2011 2012 
Mineral Quantity Value Quantity Value Quantity Value 

Vermiculite, concentrate" 100 '3 W 100 "^3 W 100 ?? W 
Zeolites” metric tons 61,300 W 65,400 W 74,000 W 
Combined values of boron minerals, bromine, 

clays (fuller's earth), emery, greensand marl, iodine 

(crude), iron oxide pigments (crude), lithium 

carbonate, magnesite, magnesium compounds, 

olivine, pyrophyllite (crude), silica stone, staurolite, 

wollastonite, and values indicated by symbol W XX 1,220,000 XX 1,290,000 XX 1,310,000 

Total XX 36,200,000 ' XX 38,800,000 * XX 40,900,000 
Grand total XX 66,500,000 * XX 74,800,000 ' XX 75,600,000 


‘Estimated. "Revised. do. Ditto. МА Not available. W Withheld to avoid disclosing company proprietary data; value included with “Combined values.” 
XX Not applicable. -- Zero. 
‘Summary data from the chapters of the 2012 Minerals Yearbook as they were completed and released through September 2, 2014. 
"production as measured by mine shipments, sales, or marketable production (including consumption by producers). 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 
‘Shipments. 
Recoverable content of ores, and so forth. 
‘Content of ore and concentrate. 
"Sold or used unless otherwise specified. 
‘Wiel to avoid disclosing company proprietary data. 
Production. 
"Does not include attapulgite; included in “Combined values.” 
Da are rounded to two significant digits. 
s not include abrasive stone and bituminous limestone and sandstone; all included elsewhere in table. 
Data are rounded to one significant digit. 
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TABLE 2 
NONFUEL MINERALS PRODUCED IN THE UNITED STATES, BY COMMODITY AND STATES IN 2012! 


(Principal States based on quantity unless otherwise noted) 


Mineral Principal States Other States (alphabetical order) 

Andalusite NC 

Barite I NV and GA | _ 
Вегу шт concentrates UT 

Boron CA 

Bromine AR 

Cement: 

Masonry IN, FL, TX, AL, SC AR, AZ, CA, CO, GA, KS, KY, MD, ME, MI, MO, MT, NM, NY, OH, OK, PA, TN, VA, WV. 


Portland TX, СА, МО, MLFL АП other States, except AK, CT, DE, HI, LA, MA, MN, MS, NC, ND, NH, NJ, RI, VT, WI. 
Clays: 
Ball | u TN, TX, MS, KY, IN 
Bentonite WY, UT, MT, AL, TX AZ, CA, CO, MS, NV, OR. 
Common TX, AL, OH, GA, OK All other States, except AK, DE, Hl, ID, MN, NH, NJ, NV, RI, VT, WI. 
Fire MO, TX, CO 
Fuller's earth 7 СА, MO, MS, FL,VA CA, IL, KS, NV, TN, TX. 
Kaolin GA, SC, AL, AR, ТХ CA, FL, NC, NV. 
Copper AZ, UT, NM, NV, МТ АК, ID, MO. 
Diatomite NV, CA, OR, WA 
Emery OR 
Feldspar NC, VA, ID, CA, OK GA and SD. 
Gemstones natura _______А2МС,ОК,СА,ЏТ _All other States. __________________---- 
Gold’ NV, AK, CO, UT, CA. AZ, MT, NM, SD, WA. Д 
Greensand marl NJ 
Gypsum, crude ТХ, ОК, МУ, СА, М АК, AZ, СО, IA, KS, LA, MI, NC, NM, SD, UT, WY. 
Helium: 
Се ат 
Попе, crude OK 
Tron oxide pigments, crude — GALAL, VA Ц 
DS UO у. у, МА о АЕ эш M A ааа AA Ll 
Le — —— . MOAK, ID — | 
Lime МО. AL, KY, OH, TX All other States, except AK, CT, DE, HI, IL, KS, MD, ME, MS, NC, NH, №. NM, NY, RI, SC, VT. 
Lithium carbonate NV | | er Е 
Magnesite ЕЕ МУ 55 | 
Magnesium compounds MI, UT, DE,CA _ | І 
Magnesium metal UT | | | LOU mM 2 
Mica, crude 8, А BEEN uli со Т i 
Molybdenum concentrates — AZ, CO, UT, ID, MT NM and NV. | mM 
Olivine _ М ES es == €— сссе RM 
Palladium? MT mE Пен ® : 
Peat FL, MN, IL, ME, MI IA, IN, NJ, NY, OH, PA, WA, WI. | | Е 
Perlite, crude NM, OR, AZ, ID, NV a ы Ў oe ee е сша ыра: о esce Е 
Phosphate rock FL, ID, NC, UT | > 5 
Рогазћ NM, UT, MI Кр 
Pumice and pumicite OR, ID, AZ, СА, ММ К. A 
Pyrophyllite, crude NC DRE Ес - | 7 g es 
Salt ТА,ТХ, NY, ОН, KS AL, AZ, CA, MI, NM, NV, OK, TN, UT, VA, WV. | 
Sand and gravel: dig cH ED GN CL AUN лл >с 
Construction — | TX; CA, MN, AZ, МІ All other States. 
Industrial WI, IL, TX, MN, OK АШ other States, except AK, CT, DE, HI, ID, KS, KY, MA, MD, ME, MS, MT, NH, NM, OR, UT, VT, 
WY. 
Soda ash WY and СА ————————S = CO 
Staurolite FL dc ee селее осеннее 


See footnotes at end of table. о ЗЕН et | 
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TABLE 2—Continued 
NONFUEL MINERALS PRODUCED IN THE UNITED STATES, BY COMMODITY AND STATES IN 2012! 


(Principal States based on quantity unless otherwise noted) 


Mineral Principal States Other States (alphabetical order) 

Stone: 

Crushed TX, PA, MO, OH, IL АН other States. 
- Dimension TX, IN, WI, MA, GA АП other States, except AK, CT, DE, FL, HI, IA, KY, LA, MS, ND, NE, NJ, OR, RI, WA, WV. 
Tale, crude MT, TX, VT, VA 
Titanium concentrates, ilmenite VA and FL 
Tnpoli MO, IL, AR 
Tungsten CA 
Vanadium UT 
Vermiculite, crude SC and VA 
Wollastonite NY- "me 
Zeolites NM, ТХ, ID, CA, AZ OR. 
Zine” AK, TN, MO 
Zirconium concentrates VA and FL 


Summary data from the chapters of the 2012 Minerals Yearbook as they were completed and released through September 2, 2014. 
Content of ores, and so forth. 
*Principal States based on value. 


dn : "CHF T 
Grindstones, pulpstones, and sharpening stones; excludes mill liners and grinding pebbles. 
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VALUE OF NONFUEL MINERAL PRODUCTI 


TABLE 3 


ON IN THE UNITED STATES AND PRINCIPAL NONFUEL MINERALS PRODUCED IN 2012"? 


_ о сеш шш инш ынын =т=т =з ныш = == 


Percentage 


of U.S. total 


Principal minerals, in order of value 


State (thousands) R 


Value 

ank 
Alabama $983,000 23 
Alaska 3,690,000 5 
Arizona 7,900,000 2 
Arkansas 806,000 28 
California 3,250,000 8 
Colorado 1,930,000 12 
Connecticut! 167,000 44 
Delaware? 15,600 50 
Florida 3,820,000 4 
Georgia 1,480,000 14 
Hawaii 109,000 47 
Idaho 813,000 27 
Illinois 1,220,000 18 
Indiana 801,000 29 
Iowa 665,000 32 
Kansas 1,160,000 20 
Kentucky 815,000 26 
Louisiana? 400,000 34 
Maine 133,000 45 
Maryland” 280,000 39 
Massachusetts” 251,000 41 
Michigan 2,110,000 11 
Minnesota? 4,170,000 3 
Mississippi 183,000 43 
Missouri 2,270,000 10 
Montana 1,450,000 16 
Nebraska 317,000 36 
Nevada 11,000,000 1 
New Hampshire 88,000 48 
New Jersey’ 270,000 40 
New Mexico 1,570,000 13 
New York 1,250,000 17 
North Carolina 909,000 25 
North Dakota? 219,000 42 
Ohio’ 1,010,000 22 
Oklahoma 746,000 30 
Oregon 293,000 38 
Pennsylvania’ 1,470,000 15 
Rhode Island” 44,700 49 
South Carolina? 508,000 33 
South Dakota 337,000 35 
Tennessee 921,000 24 
Texas 3,460,000 6 
Utah 3,330,000 7 
Vermont” 125,000 46 
Virginia 1,180,000 19 
Washington 736,000 31 
West Virginia 313,000 37 
Wisconsin? 1,020,000 21 
Wyoming 2,330,000 9 
Undistributed 1,260,000 XX 
Total 75,600,000 XX 

XX Not applicable. | 


1.30 
4.88 
10.45 
1.07 


4.30 
2.55 
0.22 
0.02 
5.06 


1.95 
0.14 
1.08 
1.61 
1.06 
0.88 
1.53 
1.08 
0.53 
0.18 
0.37 


0.33 
2.79 
5.52 


0.24 
3.00 
1.92 
0.42 
14.59 
0.12 
0.36 
2.07 
1.65 
1.20 
0.29 
1.34 
0.99 
0.39 
1.95 
0.06 
0.67 


0.45 
1.22 
4.58 
4.40 
0.17 
1.56 
0.97 
0.41 
1.35 
3.08 
1.30 
100.00 


Stone (crushed), lime, cement (portland), sand and gravel (construction), cement (masonry). 

Gold, zinc, silver, lead, sand and gravel (construction). 

Copper, molybdenum concentrates, sand and gravel (construction), cement (portland), silver. 

Bromine, sand and gravel (industrial), stone (crushed), sand and gravel (construction), cement 
(portland). 

Sand and gravel (construction), boron minerals, cement (portland), stone (crushed), gold. 

Molybdenum concentrates, gold, cement (portland), sand and gravel (construction), stone (crushed). 

Stone (crushed), sand and gravel (construction), clays (common), gemstones (natural). 

Sand and gravel (construction), magnesium compounds, stone (crushed), gemstones (natural). 

Phosphate rock, stone (crushed), cement (portland), sand and gravel (construction), zirconium 
concentrates. 

Clays (kaolin), stone (crushed), clays (fuller's earth), sand and gravel (construction), cement (portland). 

Stone (crushed), sand and gravel (construction), gemstones (natural). 

Molybdenum concentrates, phosphate rock, sand and gravel (construction), silver, stone (crushed). 

Sand and gravel (industrial), stone (crushed), sand and gravel (construction), cement (portland), tripoli. 

Stone (crushed), cement (portland), lime, sand and gravel (construction), cement (masonry). 

Stone (crushed), cement (portland), sand and gravel (construction), sand and gravel (industrial), lime. 

Helium (Grade-A), salt, cement (portland), stone (crushed), helium (crude). 

Stone (crushed), lime, cement (portland), sand and gravel (construction), clays (common). 

Sand and gravel (construction), salt, stone (crushed), sand and gravel (industrial), lime. 

Sand and gravel (construction), cement (portland), stone (crushed), stone (dimension), peat. 

Cement (portland), stone (crushed), sand and gravel (construction), cement (masonry), stone 
(dimension). 

Stone (crushed), sand and gravel (construction), stone (dimension), lime, clays (common). 

Iron ore (usable shipped), cement (portland), sand and gravel (construction), stone (crushed), salt. 

Iron ore (usable shipped), sand and gravel (construction), sand and gravel (industrial), stone (crushed), 
stone (dimension). 

Sand and gravel (construction), stone (crushed), clays (fuller’s earth), clays (ball), clays (bentonite). 

Cement (portland), stone (crushed), lead, lime, sand and gravel (industrial). 

Copper, palladium metal, molybdenum concentrates, gold, platinum metal. 

Cement (portland), sand and gravel (construction), stone (crushed), sand and gravel (industrial), lime. 

Gold, copper, silver, lime, diatomite. 

Sand and gravel (construction), stone (crushed), stone (dimension), gemstones (natural). 

Stone (crushed), sand and gravel (construction), sand and gravel (industrial), greensand marl, peat. 

Copper, potash, sand and gravel (construction), stone (crushed), molybdenum concentrates. 

Stone (crushed), salt, sand and gravel (construction), cement (portland), wollastonite. 

Stone (crushed), phosphate rock, sand and gravel (construction), sand and gravel (industrial), feldspar. 

Sand and gravel (construction), lime, stone (crushed), clays (common), sand and gravel (industrial). 

Stone (crushed), sand and gravel (construction), lime, salt, cement (portland). 

Stone (crushed), cement (portland), sand and gravel (industrial), sand and gravel (construction), iodine. 

Stone (crushed), sand and gravel (construction), cement (portland), diatomite, perlite (crude). 

Stone (crushed), cement (portland), lime, sand and gravel (construction), sand and gravel (industrial). 

Sand and gravel (construction), stone (crushed), sand and gravel (industrial), gemstones (natural). 

Cement (portland), stone (crushed), sand and gravel (construction), cement (masonry), sand and gravel 
(industrial). 

Gold, sand and gravel (construction), cement (portland), stone (crushed), lime. 

Stone (crushed), zinc, cement (portland), sand and gravel (construction), lime. 

Stone (crushed), cement (portland), sand and gravel (construction), sand and gravel (industrial), salt. 

Copper, molybdenum concentrates, gold, potash, magnesium metal. 

Stone (crushed), sand and gravel (construction), stone (dimension), talc (crude), gemstones (natural). 

Stone (crushed), zirconium concentrates, sand and gravel (construction), cement (portland), lime. 

Gold, sand and gravel (construction), stone (crushed), cement (portland), diatomite. 

Stone (crushed), cement (portland), lime, sand and gravel (industrial), sand and gravel (construction). 

Sand and gravel (industrial), sand and gravel (construction), stone (crushed), lime, stone (dimension). 

Soda ash, clays (bentonite), helium (Grade—A), sand and gravel (construction), cement (portland). 


1 " 
Summary data from the chapters of the 2012 Minerals Yearbook as they were completed and released through September 2, 2014. 
Data are rounded to no more than three significant digits; may not add to totals shown. 


Partial total; does not include values that must be withheld to avoid disclosing company proprietary data which are included with “Undistributed.” 
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ТАВГЕ 4 
VALUE OF NONFUEL MINERAL PRODUCTION PER CAPITA AND PER SQUARE KILOMETER IN 2012 BY STATE" 


ooo 


Land area Total 
(square Population value Per capita Per square kilometer 
State kilometers) (thousands) (thousands) Dollars Rank Dollars Rank 

Alabama 131,000 4,820 $983,000 $204 18 $7,480 24 
Alaska 1,480,000 730 3,690,000 5,050 | 2,490 44 
Arizona 294,000 6,550 7,900,000 1,210 5 26,800 3 
Arkansas 135,000 2,950 806,000 273 15 5,980 30 
California 404,000 38,000 3,250,000 86 39 8,048 22 
Colorado 269,000 5,190 1,930,000 371 13 7,170 27 
Connecticut 12,500 3,590 167,000 ? 46 46 13,300 9 
Delaware 5,060 917 15,600 3 17 50 3,090 43 
Florida 140,000 19,300 3,820,000 198 20 27,400 2 
Georgia 150,000 9,920 1,480,000 149 26 9,850 16 
Hawaii 16,600 1,390 109,000 79 40 6,570 28 
Idaho 214,000 1,600 813,000 510 9 3,800 40 
Illinois 144,000 12,900 1,220,000 95 35 8,470 21 
Indiana 92,900 6,540 801,000 122 30 8,620 20 
lowa 145,000 3,080 665,000 216 16 4,600 36 
Kansas 212,000 2,890 1,160,000 401 11 5,470 31 
Kentucky — —— 103,000 4,380 815,000 186 22 7,920 23 
Louisiana 113,000 4,600 400,000 3 87 38 3,550 42 
Mane 79,900 1,330 133,000 100 34 1,670 46 
Maryland 25,300 5,890 280,000 3 48 45 11,100 14 
Massachusetts 20,300 6,650 251,000 3 38 48 12,300 12 
Michigan o 147,000 9,880 2,110,000 213 17 14,300 7 
Minnesota 206,000 5,380 4,170,000 3 716 7 20,200 4 
Mississippi _ 121,000 2,990 183,000 61 44 1,510 48 
Missouri 178,000 6,030 2,270,000 377 12 12,700 10 
Montana 377,000 1,010 1,450,000 1,440 4 3,850 39 
Nebraska 199,000 1,860 317,000 171 24 1,590 47 
Nevada 284,000 2,750 11,000,000 4,010 3 38,800 1 
New Hampshire __ 23,200 1,320 88,000 ? 67 42 3,790 41 
New Jersey — —— —— 19,200 8,870 270,000 3 30 49 14,000 8 
New Mexico — — — 314,000 2,080 1,570,000 752 8 4,980 35 
NewYork — — — — 122,000 19,600 1,250,000 64 43 10,200 15 
North Carolina 126,000 9,750 909,000 93 36 7,210 26 
North Dakota 179,000 701 219,000 3 313 14 1,230 49 
sa 106,000 11,600 1,010,000 3 88 37 9,550 17 
Re ——— 178,000 3,820 746,000 196 21 4,200 38 
—— _ 249,000 3,900 293,000 75 41 1,180 50 
Roe bat — 116,000 12,800 1,470,000 3 115 31 12,700 11 
Sou Cai ———— 2,710 1,050 44,700 ? 43 47 16,500 5 
Зара ——— 78,000 4,720 508,000 ? 107 32 6,510 29 
leue 197,000 834 337,000 404 10 1,710 45 
Tes 107,000 6,460 921,000 143 28 8,630 19 
Utah 678,000 26,100 3,460,000 133 29 5,110 33 
Vend 213,000 2,860 3,330,000 1,170 6 15,600 6 
Virginia 24,000 626 125,000 ? 200 19 5,230 32 
Washington 103,000 8,190 1,180,000 144 27 11,500 13 
West Virginia 172,000 6,900 736,000 107 33 4,270 37 
Wisconsin 62,400 1,860 313,000 169 25 5,020 34 
Wyoming 141,000 5,730 1,020,000 > 179 23 7,270 25 
Undistributed 251,000 577 2,330,000 4,040 2 9,270 18 
Total or average 2 4 ХА . 126000 — ^ XX (XX XX 
аи ————3:160.000 313,000 — 75600000 MM хи 
$ 
M oe the chapters of the 201 2 Minerals Yearbook as they were completed and released through September 2, 2014. 

Partial total: does WR im three significant digits; may not add to totals shown. | шы 
included with "Undistributed " ues that must be concealed to avoid disclosing company proprietary data. Concealed values 1 


Does not i i | 
Include Washington, DC (which has no mineral production), with an area of 179 square kilometers and a population of 633,000. 


Sources: i 
ces: U.S. Geological Survey and U.S. Census Bureau. 
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NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, ВУ STATE. ?? 
(Thousand metric tons and thousand dollars unless otherwise specified) 
ee eee ee ТЭС 
2010 2011 2012 
М бшш ü Маше Quamiy _ мш О ae _ 
Alabama: 
Cement: 
Masonry 191 24,300 * (4) W (4) W 
Portland 3,290 273,000 * (4) W (4) W 

. Clays: 

Common 1,300 21,500 1,190 24,100 1,210 9,070 

Kaolin 174 W 104 5,750 135 6,830 
Gemstones, natural NA 7 NA 7 NA 7 
Lime 2,150 239,000 2,180 255,000 2,240 287,000 
Sand and gravel: 

Construction 10,400 56,200 9,910 53,600 9,060 54,500 

Industrial 386 10,400 352 10,500 401 13,200 
Stone, crushed 36,500 325,000 33,200 " 289,000 : 33,300 293,000 
Combined values of clays (bentonite), iron oxide 

pigments (crude), mica [crude (2010-11)], salt, stone 

(dimension), and values indicated by symbol W XX 19,600 XX 317,000 ' XX 320,000 

Total XX 969,000 XX 955,000 € XX 983,000 

Alaska: 

Gemstones, natural NA 70 МА 70 МА 70 
Gold? kilograms 28,100 1,110,000 25,800 1,310,000 27,700 1,490,000 
Sand and gravel, construction 6,390 52,700 7.710 ' 70,800 ' 7,080 50,600 
Stone, crushed 1,270 17,300 1,000 ' 11,900 * 2,490 22,200 
Combined values of copper (2011—12), lead, silver, zinc XX 2,210,000 ' XX 2,410,000 ' XX 2,120,000 

Total XX 3,390,000 ' XX 3,800,000 ' XX 3,690,000 

Arizona: 

. Copper 703 5,400,000 751 6,720,000 763 6,180,000 
Gemstones, natural NA 1,550 NA 2,500 NA 2,500 
Sand and gravel, construction _ 35,800 296,000 31,600 ' 267,000 ' 34,100 301,000 
Stone: | 

Crushed 8,220 81,000 8,260 66,400 ' 7,150 67,100 
' Dimension, sandstone 81 11,700 112 13,300 46 5,570 
Combined values of cement, clays (bentonite, common), 

gold, gypsum (crude), lime, molybdenum concentrates, 

perlite (crude), pumice and pumicite, salt, sand and 

gravel (industrial), silver, zeolites _____ХХх ___1,020000' XX — 1320000 — — XX — 1,340000 

Total XX 6,810,000 XX 8,390,000 XX 7,900,000 

Arkansas: 

Clays: 

___ Common | | 534 7,580 532 7,580 384 1,400 

___| Kaolin (4) W 45 625 45 625 

Gemstones, natural — — — — — 1 NA 424 NA 450 NA 388 

Sand and gravel, construction — — — č =Z ăč o Żć 9,050 76,800 7,990 ' 68,200 ' 7,980 68,200 
Stone: | 

Crushed 31,300 239,000 ' 25,900 ' 210,000 : 23,900 187,000 

Dimension 11 1,580 15 1.770 10 1,160 
Combined values of bromine, cement, clays [kaolin 

(2010)], gypsum (crude), lime, sand and gravel 

(industrial), silica stone, tripoli, and value indicated 

by symbol W XX 38800 ____ XX 494,000 XX 548,000 

OC XX 714000 XX ____782.000' XX 806000 

California: p nn 
Cement: 

Maäsonty 178 19,500 * 170 18,600 • 152 15,900 * 
Portland 6,950 549,000 * 7,730 582,000 ° 8,400 621,000 * 

. Clays: И 

___ Bentonite 23 2,700 44 ' 3,500 ' 50 4,290 

шы Common з сш эш. 355 5,000 398 6,990 519 7,780 

Paon 2-23 1 w 7 659 5 366 


See footnotes at end of table. 
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TABLE 5—Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE'?? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2010 2011 2012 
Mineral Quantity Value Quantity Value Quantity Value 
Califomia:—Continued 

Gemstones, natural NA 754 МА 759 МА 966 

Gypsum, стоје 874° 6,020 992 12,000 1,380 9,640 
1 -—— 

Rare earths, oxide basis metric tons -- -- -- 3,000 W 
Sand and gravel: 

eue 74,700 812,000 ' 80,600 ' 891,000 ' 71,100 843,000 

Industrial 1,320 39,400 1,320 ' 43,500 ' 1,010 37,600 

| Stone: 
Crushed 31,000 306,000 32,600 ' 295,000 33,100 319,000 
Dimension 26 6,940 25 9,590 23 9,200 


| Combined values of boron minerals, clays (fuller's earth), 
i diatomite, feldspar, gold, iron ore [usable shipped 
(2010-11)], lime, magnesium compounds, perlite 
[crude (2010-1 1)), pumice and pumicite, pyrophyllite, 
(2010), salt, silver, soda ash, tungsten, zeolites, and 


values indicated by symbol W хх 1140000 ХХ 136000 XX — 19380000 — 
"и XX 2,890,000 XX 3,220,000 ' XX 3,250,000 
ЕР 
уот 109 352 123 293 100 503 
Gemstones, natural NA 431 МА 440 МА 438 
Sand and gravel, construction о о 28,900 209,000 26,800 ' 198,000 27,100 209,000 
Stone: 
(^65 old —-—-—— 8,320 ' 64,800 ' 8,160 ' 63,500 ' 7,670 61,100 
| c ——9 07 С зд шю 


Combined values of cement, clays [bentonite, fire 
(201 1-12)], gold, gypsum (crude), helium (Grade-A), 
lime, molybdenum concentrates, sand and gravel 


(industrial), silver XX 1,590,000 XX 1,680,000 XX 1,650,000 — 
DELI C a XX 1,860,000 ' XX 1,950,000 ' XX 1,930,000 
Connecticut: АА „зәл _——_—_————-—-—————— 
ош _ (4) (6) (4) (6) (4) (6) 

Gemstones, natural NA 7 МА 7 МА 7 
| Заар паљба _  _ 5,910 55,300 5,560 ' 54,200 ' 5.280 49,600 

lone: 

и" 92,900 7310 101,000 3010 —— 117000 
Этиоп (4) (6) (4) (6) (4) (6) 
14 XX 148,000 XX 156,000 XX 167,000 

[T n — NA 1 МА | МА 1 

Magnesium compounds 4) (Ө » (6) (4) (6) 

RLIUF UC HEN 1.620 12.300 1,910 11,200 1,820 15,600 

Slone, Crushed d (4) f (6) (4) (6) (4) 6) _ 
dis е СИИ NC NR 

б ee сс хх 12,300 хх 11,200 XX 15,600 


e 24,800 * 225 25,500 * 
E cs ENDE 198 26,100 188 
|o ыз о = 3.380 306.000 * 3,310 281,000 "° 3,790 313,000 * 
ys: ; ; 
B o NERA | 
on 2 W 
2 у 
Мыш каше EE s M 17 2,630 13 2,710 
a агашы | NA | NA | 
[ee ER ; 
E o ы 
n o == тес 13.300 105.000 12,000 104,000 ' 13,700 111,000 
ee = 173 3,980 180 4,370 195 5,800 
_Stone, crushed ; ЧОП? 47,400 584,000 
40,700 516,000 ‚40 000 — 
Se footnotes at end or table: 42100 535,000 40,700" 5 
дет SUMMARY 2012 2.9 
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NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE 


TABLE 5—Continued 


1,2,3 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2010 2011 2012 


ERR uncia E 


uo omo a emus ма ыз n o лоб пили еј шй ш eS e ышы 


ЗНА ан данка А и NEC и d 


M Anio НЕ НННП АЕ ш шсш ш Е 


oe A MUNITUM Ar cL ee eae 


см М аи ћи НЕ НННП EE шшш шшш —— cL 


Mineral Quay Vale Quay с=с сс _ 
Florida:—Continued 
Combined values of clays (fuller's earth), lime, 
magnesium compounds (2010-11), phosphate rock, 
staurolite, titanium concentrates (ilmenite), zirconium 
concentrates, and values indicated by symbol W XX 1,690,000 XX 
Total XX 2,670,000 XX 
Georgia: mU 
Barite 7 1,350 7 
Clays: 
Common 657 3,910 644 
Kaolin 5,470 780,000 5,480 ' 
Gemstones, natural МА 75 МА 
Sand and gravel: 
Construction 5,120 28,400 5,150 ' 
Industrial 670 17,800 655 
Stone: 
Crushed 43,000 467,000 41,500 
Dimension 269 26,600 141 
Combined values of cement, clays (fuller's earth), 
feldspar, iron oxide pigments (crude), lime, mica 
(crude) XX 131,000 XX 
Total XX 1,460,000 XX 
Hawaii: 
Gemstones, natural NA 151 МА 
Sand and gravel, construction р 1,020 15,500 962 
Stone, crushed P 4,740 91,900 4,420 ' 
Total XX 108,000 XX 
Idaho: 
Garnet, industrial" 13 3,010 16 
Gemstones, natural NA 430 NA 
Sand and gravel, construction 13,800 78,500 10,500 ' 
Stone: 
Crushed 3,830 ' 22,800 ' 3,780 ' 
Dimension 25 3,520 28 
Combined values of cement (portland), copper, feldspar, 
gold (2010), lead, lime, molybdenum concentrates, 
perlite (crude), phosphate rock, pumice and pumicite, 
sand and gravel [industrial (2010—-11)], silver, zeolites, 
zinc (2010-11) XX 1,070,000 ' XX 
Total XX 1,180,000 XX 
Illinois: 
Cement, portland 1,620 144,000 * 1,400 
Gemstones, natural МА 10 МА 
Sand and gravel: 
Construction 19,600 129,000 18,800 
Industrial 5,080 183,000 6,160 
Stone, crushed 54,500 " 488,000 ' 52,200 ' 
Combined values of clays (common, fuller's earth), 
peat, stone (dimension), tripoli XX 27,400 XX 
Total XX 971,000 ' XX 
Indiana: 
Cement, portland 2,470 199,000 * 2.290 
Clays, common 358 7,110 332 
Gemstones, natural NA 4 NA 
Sand and gravel, construction 18,900 116,000 18,800 
Stone: 
Crushed 43,600 ' 291,000 ° 41,200 ' 
Dimension 173 31,400 164 


| XX _ 16000 А O Aa e eee essee aa S 


______ХХ_____1,460,000 AAO OEE 


ХХ 108,000 ______ 24 ____ AO 


АА 1,150,000 _______ ЛА Ee 


_____ АА АА 2559 Що 


И АА р —„——.„——— 


See footnotes at end of table. 
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Value 


2,480,000 
3,420,000 " 


1,350 


6,880 
814,000 ' 
103 


30,300 ' 
19,600 


479,000 
20,300 


114,000 
1,480,000 ' 


151 
15,100 
84,700 ' 
99,900 " 


3,740 
379 
64,000 " 


20,800 " 
4,200 


1,230,000 
1,320,000 


126,000 * 
10 


121,000 
311,000 
499,000 " 


23,300 
1,080,000 ' 


179,000 © 
6,620 
4 
111,000 


292,000 ' 
29,200 


Quantity 


XX 
XX 


687 
5,500 
NA 


5,410 
585 


37,800 
142 


NA 


14 
NA 
10,000 


4,300 
30 


XX 


16,700 
7,440 
49,500 


XX 
XX 


2,390 
369 


NA 


18,500 


42,700 
186 


Value 


2,770,000 
3,820,000 


1,350 


3,770 
836,000 
103 


33,800 
16,500 


450,000 
16,800 


119,000 
1,480,000 


151 
15,000 
94,200 


109,000 


2,830 
370 
73,800 


29,400 
5,370 


702,000 
813,000 


95,700 * 
10 


113,000 
504,000 
484,000 


22,700 
1,220,000 


193,000 * 


6,240 
4 
107,000 


299,000 
32,000 
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TABLE 5—Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE" ^ У 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2010 2011 2012 
Mineral Quantity Value Quantity Value Quantity Value 
Indiana. —Continued 
Combined values of cement (masonry), clays (ball), 
gypsum (crude), lime, peat, sand and gravel (industrial) XX 140,000 XX 136,000 XX 163,000 
Total XX 786,000 ' XX 753,000 ' XX 801,000 
lowa: 
Clays, common 201 827 182 862 183 863 
| Gemstones, natural МА 3 МА 3 МА 3 
Peat (4) W (4) 5 (4) W 
Sand and gravel, construction 13,800 ' 84,900 ' 15,200 " 102,000 " 13,600 89,200 
Stone, crushed 31,800 ' 287,000 ' 31,700 * 309,000 " 32,400 304,000 


Combined values of cement, gypsum (crude), lime, 
sand and gravel (industrial), and values indicated by 


symbol W XX 211,000 XX 240,000 XX 271,000 
ЖОЛИ ЭЭЭ хх 584,000 ' XX 652,000 ' XX 665,000 
Kansas: 

Cement, poland — 1,820 178,000 * 1,570 152,000 * 1,730 169,000 * 
буш _—— 353 1,850 291 1,880 296 1,750 
тшш ПА | NA | NA | 
Helium, Grade-A Ооо cubic meters 78 421,000 (а) W (4) W 
Е 3,080 194,000 3,060 186,000 2,570 175,000 
Sand and gravel, constuction 9,970 52,000 9,620 47,100 9,710 52,200 
Stone: 
Се 17,500 ' 145,000 ' 15,900 ' 132,000 ' 15,700 134,000 
| CV———À ата 2 460 #9 4700 


Combined values of cement (masonry), clays 
(Шег» earth), gypsum (crude), helium (crude), 
pumice and pumicite, sand and gravel [industrial 


010-11), and values indicated by symbol W XX 102,000 XX 602,000 — XX 622,000 
Lees XX 1,100,000 XX 1,120,000 XX 1,160,000 
Ketek о ж. A N N e—a 
саваш 284 5,780 328 6,430 211 4,390 
Gemstones, natural NA 12 NA 11 МА 11 
ПЕ ООО 
-and and gravel, construction —————————— 5,810" 30,300 " 6,810 ' 32,500 ' 6,610 32,400 
Sone, crushed o 47,900 417,000 48,000 ' 463,000 ' 46,500 469,000 
ий , , , > 
Combined values of cement, clays (ball), lime XX 301,000 ХХ _ 290,000 XX 309,000 
ee ee NUS XX 754,000 ' XX 791,000 XX 815,000 
Louisiana: "wr з 
Шото о ЕО 151 1.340 144 1,280 145 1,330 
SONT M — NA 7 NA 7 NA 7 
Lu ран wa (4) (6) (4) (6) (4) (6) 
ma Са см == (4) (6) (4) (6) (4) 
Ши 300 234,000 11,600 172,00 
“Sadan НН 14,100 234,000 14,3 
Ep TN 
= MN | 21,400" 197,000 21,400" 212,000 ' 18,500 205,000 
ааа A 629 25,600 550 23,700 512 21,800 
с АНИ (4) (6) (4) (6) (4) (6) 
otal СИ | € 
наа м 5 XX 458,000 XX 471,000 XX 400,000 
Loc -——— NA 347 NA 353 NA 358 
atd and » 
"es ома | 8,060 ' 46,400 ' 8,120 ' 54,400 ' 8,500 62,7 
Cae) ИИН 
Кы к= >ы: 3,830 ' 35,900 ' 3,990 " 31,900 ' T gus 
‘Gua e Е 8 1,250 6 3,640 у 
Total ys (common), peat XX 32,900 XX _ , CRM UU 
Mary: XX 117,000 ' XX 124,000 XX 
DM eee 
И, (4) W (4) W ji у 
Se ететтн (4) W (4) М oo EE 
65 at end of table, — —————— с NEN АН ak ME Коз TIL ЫЕ ene ei ce 
ST 
ATISTICAL SUMMARY —2019 - 
ia 


Google 


AVETE е. __ < 


ди 


ене) ate ыл. > = шыш ass 


TABLE 5—Continued 


NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE"? 
(Thousand metric tons and thousand dollars unless otherwise specified) 
HEEL occ I MEM о 
2010 2011 2012 
Mineral Quantity Value Quantity Value Quantity Value 

Maryland:—Continued 
Clays, common (4) W (4) W (4) W 
Gemstones, natural NA | МА | МА 1 
Sand and gravel, construction 8,120 82,700 6,980 83,100 7,730 90,700 
Stone: 

Crushed 21,700 ' 218,000 ' 21,000 " 209,000 20,300 188,000 
Dimension 8 1,630 6 1,230 o 4 1,120 
Total XX 303,000 ' XX 294,000 ' XX 280,000 

Massachusetts: 

Clays, common 17 (6) 17 (6) 18 180 
Gemstones, natural NA | МА 1 МА 1 
Lime (4) (6) (4) (6) (4) (6) 
Sand and gravel, construction 9.710 91,400 9.270 ' 93,800 € 9,470 88,200 
Stone: 

Crushed 10,300 ' 118,000 " 10,500 " 125,000 " 10,500 128,000 

Dimension 73 21,700 83 16,200 145 34,200 

Total XX 231,000 ' XX 235,000 * XX 251,000 

Michigan: 

Cement: 

Masonry 83 10,200 * 61 8,300 * 73 9.540 * 

Portland 3,480 350,000 * 3,480 353,000 * 3,890 346,000 * 
Clays, common 312 1,280 312 1,280 314 1,290 
Gemstones, natural NA 2 NA 2 NA 2 
Gypsum, crude 302 2,080 345 2,670 322 2,250 
Iron ore, usable shipped 11,900 W 13,200 W 10,800 * W 
Lime (4) W 518 56,500 526 62,300 
Peat 4 W 3 27 (4) W 

. Sand and gravel: 

Construction 33,300 190,000 32,100 ' 179,000 ' 31,600 173,000 

Industrial 1,350 31,700 1,830 67,500 1,450 59,100 
Stone, crushed 21,500 100,000 22,700 ' 137,000 : 22,400 142,000 
Combined values of magnesium compounds, potash, 

salt, stone (dimension), and values indicated by 

symbol W XX 1,490,000 — XX 1,650,000 ' XX 1,310,000 

Total | XX 2,170,000 XX 2.450,000 ' XX 2,110,000 

Minnesota: 

Gemstones, natural NA 7 NA 7 NA 7 
Iron ore, usable shipped 38,800 W 42,400 W 41,700 W 
Peat 41 2,500 44 2,490 56 2,880 
Sand and gravel, construction 32,800 ' 160,000 37,200 ' 182,000 " 44,400 221,000 
Stone: 

Crushed 7,140 87,600 8,370" 101,000 € 8,500 98.900 

Dimension — — — ^ 1 1 35 15,400 46 28,500 65 27,200 
Combined values of lime, sand and gravel (industrial), 

and values indicated by symbol W | XX. 3440000" XX 3,870,000 7 хх 3,820,000 7 

Тога] XX — 3,10000 ______КХ_____4,180000 XX __4,170.000 _ 

Mississippi: 

. Clays, common 259 1,540 264 1,570 221 1,330 
Gemstones, natural NA 1 МА 1 МА 1 
Sand and gravel, construction 12,000 93,800 11,700 ' 94,100 ' 11,500 90,500 
Stone, crushed 2,730 63,500 2,720 * 65,000 2,120 53,100 
Combined values of cement, clays (ball, bentonite, 

fuller с) хх 34,100 хх 35,100 XX 38,100 
_Total XX 193,000 XX ____196.000 ' XX 183,000 

Missouri: 

Cement, portland MEE 6,470 534,000 * 7,050 559,000 * 7,950 635,000 * 
Clays, common 412 . 3,060 431 3,370 409 3,190 


See footnotes at end of table. 
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TABLE 5—Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE"*? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


—————————————  ooc"0 | o» 200 | 
Mineral Quantity Value Quantity Value Quantity Value 
Missouri: —Continued 
Sand and gravel: 
Construction 11,900 74,200 ' 9,340 " 64,800 ' 9,310 62,500 
Industrial 782 28,700 1,970 101,000 1,390 76,000 
Stone, erushed 69,400 584,000 64,100 " 566,000 ' 64,900 583,000 


Combined values of cement (masonry), clays (fire, 
| fuller’s earth), copper, gemstones (natural), lead, lime, 


silver, stone (dimension), tripoli, zinc XX 784,000 ' XX 903,000 ' XX 913,000 
Total XX 2,010,000 XX 2,200,000 XX 2,270,000 
Montana: 
Gamet, industrial" 18 1,580 18 2,650 15 2,650 
| Gemstones, natural NA 515 МА 524 МА 532 
Palladium — à kilogams 11,600 199,000 12,400 295,000 12,300 257,000 
Pump? 1 de 3,450 179,000 3,700 205,000 3,670 184,000 
_Зал and gravel, construction ———————————- 10,200 82,600 ' 11,100 " 86,400 ' 12,000 90,300 
Some _ 
шш 2,050 20,600 ' 2,640 ' 26,800 ' 2,620 27,100 
Dimension y 2,950 12 2,930 14 1,360 


Combined values of cement, clays (bentonite, common), 
copper, gold (2011—12), lime, molybdenum 


—toncentrates, silver, tale (crude) — — — — —  — XX 650,000 ' XX 829,000 ' XX 887,000 
E з с ол MEE, хх 1,140,000 хх 1,450,000 ' XX 1,450,000 
№: OOo === 080858080 0808080808 СС ОИ 
Gemstones, natural _ NA 4 NA 4 NA 4 
-Sand and gravel, construction o 12,600 80,000 13,000 ' 76,300 ' 12,900 84,800 
Šone, crushed и 6,740 ' 61,700 ' 7,420 ' 70,000 ' 7,980 80,100 

Combined values of cement, clays (common), lime, 
Mand gravel (industria) — — —  —  — — XX 83,600 хх 90,300 хх 152,000 
X MACH а XX 225,000 ' XX 237,000 ' XX 317,000 
Nevada: AAA 2 ОМ e—a 
(pl: | | -—————ÉÉAÉEÉEO М 

B 
de cl I 656 49,700 704 59,900 659 73,200 
| REPE 

Fuller's earth T ý _ di ү 
wc еШ зз ыш ч c козун с D = 
ws | | 19 W 18 241 10 224 

i kilograms 166,000 6,560,000 172,000 8,690,000 175,000 9,440,000 
ау Eel, construction NN 15,300 ' 88,300 ' 13,200" 81,400 ' 12,300 84,700 
= kilograms 224,000 145,000 209,000 237,000 250,000 251,000 
peus =. 6,540 ' 76,000 ' 6,850 ' 71.200 ' 6,920 70,900 

E values of cement (portland), clays [bentonite 

1-12), fuller's earth (2010, 2012], copper, 

энш, gemstones (natural), gypsum (crude), lime, 

| lum carbonate, Magnesite, molybdenum 

oe perlite (crude), salt, sand and gravel 

TRR stone (dimension), zeolites (2010), and 

indicated b 
Ton ш. Охх 790,000" XX 876,000 XX l 10,00 
New ар  —————————— ——— ———- XX 7,710,000' XX 10,000,000 XX ___11,000,0 
pos хаша! МА 7 МА 7 МА 7 
natural о 

and and gravel, construction Е negem г 00' 6,760 48,600 
Sige НЫ 6,620 55,600 6210 54,4 | | 

аф 
аар 4,370 38,900 5.030 45,200 4,580 39,400 
-mension CEA зз ы ыз? , , E Е 

fu] ^ ^el LCD и | O ____о © (4) (6) 
Те хх 94,600 XX 99,600 ' XX 88,000 
e ee 

Natural 
susp oO NA ] МА 1 МА : 
I O OoOO (4) (6) (4) (6) (4) = 
See footnotes at end of table Oo A (6) (4) (6) (4) (6) 
STATISTIC 
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TABLE 5—Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE ?? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2010 2011 2012 


сы дед: had ———— 


ии 


__ өч. _____ „———————-—---_—— 


OO MY Е, ЕЕ ERE EE ER E е 


Mineral Quantity Value Quantity Value Quantity Value 
New Jersey:—Continued 
Sand and gravel: 
Construction 10,000 105,000 11,800 108,000 11,100 97,600 
Industrial 918 33,600 974 34,400 713 32,100 
Stone, crushed 14,500 120,000 13,800 132,000 14,800 140,000 
Total XX 259,000 XX 275,000 XX 270,000 
New Mexico: 
Clays, common 13 116 8 70 8 48 
Copper? 53 405,000 66 591,000 103 835,000 
Gemstones, natural NA 15 NA 23 NA 17 
Sand and gravel, construction 11,600 84,400 9,410 ' 74,600 ' 10,200 83,200 
Stone, crushed 5,280 38,400 5,180 ' 36,600 ' 5,560 39,500 
Combined values of cement, clays [bentonite (2010)], 
gold (2011—12), gypsum (crude), lime (2010), 
molybdenum concentrates, perlite (crude), potash, 
pumice and pumicite, salt, silver (2011-12), stone 
(dimension), zeolites XX 499,000 XX 544,000 XX 609,000 
Total XX 1,030,000 XX 1,250,000 XX 1,570,000 
New York: 
Clays, common 595 30,000 388 16,900 425 19,000 
Garnet, industrial? 21 3,320 22 3,380 18 3,130 
Gemstones, natural NA 97 NA 98 NA 98 
Peat (4) W 2 W (8) 2 
Salt 6,460 442,000 6,520 452,000 4,800 383,000 
Sand and gravel, construction 30,800 249,000 30,300 257,000 28,800 254,000 
Stone: 
Crushed 33,900 383,000 36,000 399,000 ' 36,000 383,000 
Dimension 94 25,800 99 17,800 99 18,400 
Combined values of cement, sand and gravel (industrial), 
wollastonite, and values indicated by symbol W XX 189,000 ' XX 178,000 " XX 187,000 
Total XX 1,320,000 XX 1,320,000 * XX 1,250,000 
North Carolina: 
Andalusite (4) W 57" 720 * $t 720 * 
Clays: 
Common 846 4,890 764 4,460 459 2,150 
Kaolin 10 W 10 421 10 437 
Gemstones, natural NA 1,950 NA 1,990 NA 2,060 
Sand and gravel: 
Construction, — — — 1 1. 8,260 46,500 8,250 ' 41,100 ' 7,220 42,900 
_ Industrial —  __________ 1,400 30,900 1,330 35,300 1,230 30,700 
Stone: 
Crushed 40,600 592,000 40,100 ' 586,000 ' 41,100 616,000 
. Dimenion — ^ ^. /J o 58 20,700 59 11,600 53 8,480 
Combined values of feldspar, gypsum (crude), mica 
(crude), olivine (2010-11), phosphate rock, pyrophyllite 
Total XX 885,000 ' XX 816,000 ' XX 909,000 
North Dakota: 
Clays, соттоп > 1 1 1 (4) (6) (4) (6) (4) (6 
Gemstones, natural >So NA 4 NA 4 NA 4 
Lime (4) (6) (4) (6) (4) (6) 
Sand and gravel: 
Construction 17,000 66,400 21,700 ' 116,000 29,300 207,000 
Industrial (4) (6) (4) (6) (4) (6) 
юте о 380. 190 8 _ зао 
Тога XX 70,300 ' XX 125,000 XX 219,000 
Ohio: a ee e Da e 
Cement, portland 627 57,800 • 636 56,100 * 797 72,100 * 


See footnotes at end of table. 
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TABLE 5—Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE””? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


200 її. _______ 202 | | 
Mineral Quantity Value Quantity Value Quantity Value 
Ohio.—Continued 
Gemstones, natural NA 4 NA 4 NA 4 
Lime 1,610 189,000 1,730 208,000 1,650 209,000 
Sand and gravel: 
Construction 29,900 232,000 27,400 219,000 29,500 234,000 
Industrial 821 27,800 1,100 54,000 1,160 34,500 
Stone: 
Crushed 47,300 € 383,000 г 49,900 ' 407,000 € 54,700 444,000 
Dimension 25 4,440 25 5,100 25 5,700 


Combined values of cement (masonry), clays [fire 


(2010)], peat, salt XX 274,000 XX (6) XX (6) 
Total XX 1,180,000 XX 963,000 ' XX 1,010,000 
Oklahoma: 
Clays, common 554 2,600 570 2,720 638 3,010 
Gemstones, natural NA 4 NA 4 NA 4 
Sand and gravel: 
Construction 10,800 ' 65,900 ' 11,000 ' 68,000 ' 11,800 73,200 
a 2,060 64,800 1,780 69,600 2,850 112,000 
lone: 
Crushed 39,200 321,000 39,200 ' 305,000 ' 39,600 300,000 
Dimension 28 2,520 35 6,310 53 7,420 
Combined values of cement, feldspar, gypsum (crude), 
helium [Grade-A (2010, 2012)], iodine (crude), lime, 
а: XX 239,000 ' XX 163,000 ' XX 251,000 
D NN XX 696,000 ' XX 614,000 ' XX 746,000 
egon: 
Clays, common an >. 194 538 (4) W 
ime natural | МА 1.050 МА 1,130 МА 1,150 
к construction O OO 11,400 93,000 11,300 ' 86,900 ' 10,400 89,500 
ars crushed 15,200 ' 116,000 ' 14,900 ' 119,000 ' 14,800 109,000 
Кан values of cement (portland), clays (bentonite), 
Pie emery (crude), lime, perlite (crude), pumice 
nig zeolites (2012), and value indicated by 
Bo rb E 3 XX 93,600 
= NENNEN CEP RO xx e xx = m r XX 293,000 
| ennsylvania: ————— ——É———Á—————M——————————— — 
Мишу — 
Cement: 
[MNA C ee eL e 
Ros = шшш сыш 147 17,700 • 141 19,700 * 147 7,010 * 
pog ыш Лава М мшш”; 3,380 321,000 ° 3,270 297,000 * 3,360 308,000 * 
уз, common р i W 
T Ea 344 2,490 d) w б 
Пааа шы у ырш зс 1 ©, МА | МА МА 
pou a ы L 1,110 145,000 1,150 156,000 1,090 151,000 
34 
о т=н ын шы э 2 58 T W | 
amm. аланина ы зз 
truct 
шы See, з 13,500 119,000 12,800 ' 115,000 " 11,600 103,000 
Dolum a 524 13,400 (4) W (4) W 
NE aL па 
П ERE 85,300 1,040,000 87,900 ' 951,000 ' 83,200 899,000 
Combined 27 6,070 25 5.040 25 6,540 
тен of tripoli (2010-11), and values | 
Total „сы хх (9) XX 30,300 XX (6) 
Rhode and: XX 1,660,000 XX 1,570,000 ' XX ____1,470,000 
еа й | 
Nol. See EE NA l NA | 
Construction 
dap eee ы ышы эы. 1,510 17,800 2,010 26,000 2,500 e 
Sine, crushed (4) (6) (4) (6) (4) 
ГЕСЕ ee 1,380 14,500 1,530 € 16,200 1,480 1922 
See fi XX ; 
00005 а end of table, XX 32,300 XX 42,200 
У 
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TABLE 5—Continued 


NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE ?? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2010 2011 2012 


ое „И Иранска јаше њива сав eS See ee 
м о С _ Quantity Ves — — Quat ne 
Cement: | 
Masonry 152 18,300 * 143 18,300 * 158 20,800 * 
Portland 2,050 178,000 * 2,480 197,000 * 2,770 222,000 * 
Clays; oS 
EE c ЕЕ 267 1,190 227 1,250 197 1,120 
Kaolin 158 10,500 246 19,700 247 19,800 
Gemstones, natural NA 1 МА 1 МА 1 
Sand and gravel: 
Construction 7,100 30,200 7,070 31,400 6,380 36,300 
Industrial 530 14,700 451 16,700 483 20,300 
| Stone: 
Crushed 19,200 215,000 19,500 199,000 18,400 187,000 
Dimension (4) (6) (4) (6) (4) (6) 
Vermiculite (4) (6) (4) (6) (4) (6) 
Total XX 468,000 XX 483,000 XX 508,000 
South Dakota: — 
Sand and gravel, construction 11,600 48,600 12,700 47,800 13,100 63,100 
Stone, crushed 5,470 36,600 6,060 ' 43,400 ' 6,110 43,900 
Combined values of cement (portland), clays (common), 
feldspar, gemstones (natural), gold, gypsum (crude), 
iron ore [usable shipped (2010-1 1)], lime, mica (crude), 
sand and gravel [industrial (2012)], silver, stone 
(dimension) XX 182,000 XX 215,000 XX 230,000 
Total : XX 267,000 XX 306,000 * XX 337,000 
Tennessee: 
Clays: 
Ball 570 25,600 (4) W (4) W 
Common 113 817 113 817 114 817 
Sand and gravel: = 
Construction 5,900 47,000 6,100 45,600 6,110 47,500 
Industrial 907 30,500 1,050 16,500 1,040 26,600 
Stone: 
Crushed | Е 40,900 472,000 38,900 ' 484,000 ' 37,900 462,000 
Dimension | (4) W (4) W 32 7,210 
Combined values of cement, clays (fuller’s earth), 
gemstones (natural), lime, salt, zinc, and values 
indicated by symbol W M Е И ХХ 263,000 ХХ 331,000: | ХХ 377,000 
Total XX 838,000 ' XX 878,000 — XX 921,000 
Texas: | 
Cement: 
Masonry a "m 199 26,800 * 187 25,100 * 215 31,900 * 
Portland | 8,870 785,000 ° 9,200 926,000 =° 10,000 937,000 * 
. Clays: ЕБЕ ПН 
Bentonite 64 9,900 67 10,300 57 9,730 
Common  — ——  — —  . 1,730 14,000 1,840 13,300 1,940 13,400 
ае о Сва 2 47 13,900 22 6,920 17 5,730 
_ Gemstones, natual |. МА 203 МА 203 МА 203 
Lime 1,280 136,000 1,350 148,000 1,360 154,000 
_ Salt p а 9,130 173,000 9,330 180,000 7,790 161,000 
Sand and gravel: PESCE DV 
Construction ______ MEME 73,000 ' 552,000 ' 79,200 " 593,000 ' 80,800 584,000 
Industrial 4,480 202,000 7,000 337,000 7,010 357,000 
Stone: 
Crushed 114,000 804,000 ' 117,000 791,000 " 133,000 992,000 
Dimension MOMENTE 195 57,000 535 € 117,000 ' 766 151,000 
Combined values of clays (ball, fire, fuller's earth) 
___ gypsum (crude) helium, tale (crude), zeolites ______ XX 74300 — — XX 68,100 ' XX 67,900 
n ХХ  25$50000' хх 3220000: ХХ 346000 _ 


Hus St o 
See footnotes at end of table. beue enim cons 
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TABLE 5—Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE'?? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


E RET I ӰЪƏ< 
2010 2011 2012 


Mineral Quantity Value Quantity Value Quantity Value 
— concentrates metric tons 4,460 NA 5,920 NA 5,570 NA 
Clays, common 322 7,020 334 7,260 332 12,100 
Gemstones, natural NA 786 NA 789 NA 879 
Inn ore, usable shipped -- -- -- -- 437 20,400 
Salt 1,940 100,000 2,660 126,000 1,380 99,600 
Sand and gravel, construction 27,100 ' 157,000 ' 25,300 ' 149,000 23,800 172,000 
Stone: 
Crushed 5,540 " 40,400 ' 7,920 ' 61,200 € 7,500 57,300 
Dimension 9 674 7 595 (4) W 
Vanadium’ metric tons 1,060 13,700 590 7,570 272 3,620 


Combined values of cement (portland), clays (bentonite), 
copper, gold, gypsum (crude), helium [Огаде-А 
(2010)], lime, magnesium compounds, magnesium 
metal, molybdenum concentrates, phosphate rock, 


Toni _____кх____4,310,000' ^ XX 49310000 ______ХХ__ 333000 _ 
Vermont: 
[ C -— ма | NA | NA | 
Sudand gravel, construction = O = 4,820 35,600 5,070 ' 33,800 ' 4,700 38,400 
Stone: 
а 6,240 64,700 6,510" 67,100 ' 6,210 61,900 
a. =... 68 21,900 79 21,800 75 24,900 
S лса сы es ы хх 122,000 XX 123,000 * XX 125,000 
Virginia: 
Оа ss — 600 ж — sx б өто 
шва оу 93 29,000 =° 98 31,000 "° 99 31,000 * 
tone: 
ан 44,000 603,000 45,600' 665,000" 44,400 664,000 
Dimension l4 3,920 12 7,380 13 8,110 


Combined values of cement, clays (fuller's earth), 
feldspar, gemstones (natural), iron oxide pigments 
(стаде (2011-12)], lime, salt, sand and gravel 
(industrial), talc [crude (201 1-12)], titanium 
Concentrates (ilmenite), vermiculite (crude), zirconium 


о НИ ПН ХХ 303,000 XX 357,000 ' XX 399,000 
ota 22:8 ? 
000 ' XX 1,180,000 
ti e XX 1,030,000 хх 1,1400 
T D A 1,140,000 ^__^ OM 
NS reti NA 64 NA 57 МА 57 
ind gavel construction о о 27,700 191,000 29,600 ' 211,000 ' 28,100 214,000 
ы 14,700 ' 141,000 14,800 152,000 ' 14,100 159,000 
ан values of cement (portland), clays 
ig fire (2010)], diatomite, gold, lime, olivine, 
iig and gravel (industrial), stone [dimension 
лаа г XX 391,000 XX 394,000 | XX 362,000 
L 736,000 
НИНЕ XX 723,000 XX 757,000 XX 
с I e UNE {б D T оз uo 
POI ПП NA ] NA 1 МА | 
Run ure јава act 
a RR 
Boc зл 448 3,740 534 4,470 578 s 
| s 
DNE 277 17,300 (4) W ( 
Onan An 14,500 141,000 16,400 " 171,000 ' 15,100 149,000 
Ri values of cement, lime, salt, stone m ' 
bol " (2010-11)), and values indicated by 
ap et XX 108,000 XX 150000 _ __ХХх__ nd | 
бок ИШЕ: 27.00 хх 326,000 ' XX 313,000 — 
tes at end of table. = АЕО RC : 
STA 
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TABLE 5$— Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE 7? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2010 2011 2012 


Mineral Quantity Value Quantity Value Quantity Value 
Wisconsin: 

Gemstones, natural МА 7 МА 7 МА 7 
Lime 867 81,200 939 95,900 924 102,000 
Peat (4) (8) (4) (8) (4) (8) 
Sand and gravel: 

Construction 26,200 134,000 27,900 " 147,000 ' 27,500 138,000 

Industrial 3,670 156,000 5,510 280,000 10,700 611,000 
Stone: 

Crushed 23,900 ' 135,000 24,200 ' 127,000 ! 22,100 135,000 

Dimension 144 23,200 170 38,600 158 37,900 

Total XX 529,000 XX 689,000 " XX 1,020,000 

Wyoming: 

Clays: 

Bentonite 4,120 230,000 4,510 ' 263,000 ' 4,500 267,000 

Common 12 33 20 60 31 114 
Gemstones, natural МА 14 МА 15 МА 19 
Sand and gravel, construction 14,500 72,200 12,500 " 89,800 * 11,800 100,000 
Stone, crushed 9,300 ' 41,500 " 11,500 51,300 ' 11,400 50,500 
Combined values of cement (portland), gypsum (crude), 

helium (Grade—A), lime, soda ash, stone [dimension 

2010, 2012)] XX 1,530,000 XX 1,710,000 XX 1,910,000 

Total XX 1,870,000 XX 2,120,000 ' XX 2,330,000 


BEN LLL з. == шж = ‚шш не 


Undistributed: 
Connecticut, Delaware, Louisiana, Maryland, 

Massachusetts, Minnesota, New Hampshire, New 

Jersey, North Dakota, Ohio, Pennsylvania (2012), 

Rhode Island, South Carolina, Vermont, Undistributed (XX. 99900 XX _ 1240000 — (à (XX . 1260000 _ 
"Estimated. ‘Revised. do. Ditto. NA Not available. W Withheld to avoid disclosing company proprietary data; included in “Combined values" data for each State. 
XX Not applicable. -- Zero. 

'Summary data from the chapters of the 2012 Minerals Yearbook as they were completed and released through September 2, 2014. 

?Production as measured by mine shipments, sales, or marketable production (including consumption by producers). 

3Data are rounded to no more than three significant digits; may not add to totals shown. 

4Withheld to avoid disclosing company proprietary data. 

5Recoverable content of ores, and so forth. 

6Withheld to avoid disclosing company proprietary data; value included in “Undistributed.” 

"Partial total; excludes values that must be concealed to avoid disclosing company proprietary data. Concealed values included in “Undistributed.” 
5Less than % unit. 

*Withheld to avoid disclosing company proprietary data; included in “Total.” 
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TABLE 6 
NONFUEL RAW MINERAL PRODUCTION IN THE COMMONWEALTH OF PUERTO RICO AND ISLANDS ADMINISTERED 
BY THE UNITED STATES" ?? 


(Thousand metric tons and thousand dollars) 


СƏТ 
2010 2011 2012 


Mineral Quantity Value Quantity Value Quantity Value 
Puerto Rico: 
Cement: 
Masonry -- -- -- -- (4) W 
Portland 755 W 744 W 783 W 
Clays, соттоп“ 54 328 54 328 55 328 
Lime W 3,660 Ww 3,760 * W 3,760 * 
Salt 45 1,500 45 1,500 45 1,500 
Stone, crushed 7,610 64,000 7,140 ' 73,400 ' 7,010 70,600 
Total XX 69,400 XX 78,900 * XX 76,200 
Administered Islands: 
American Samoa, stone, crushed W W W W W W 
_Guam, stone, сше —  — — —  — ——  —  — W W W W W W 
Virgin Islands, stone, crushed O  _ М w М X ` W 
Total Xx W XX W XX W 


Estimated. 'Revised. W Withheld to avoid disclosing company proprietary data. XX Not applicable. — Zero. 
Sunmary data from the chapters of the 2012 Minerals Yearbook as they were completed and released through September 2, 2014. 
Production as measured by mine shipments, sales, or marketable production (including consumption by producers). 


3 
Dala are rounded to no more than three significant digits; may not add to totals shown. 
“ess than V unit. 
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U.S. EXPORTS OF PRINCIPAL MINERALS 


(Thousand metr 


TABLE 7 


ic tons and thousand dollars unless otherwise specified) 


AND PRODUCTS, EXCLUDING MINERAL FUELS!” 


агас арс 


uantity 


Value 


Quantity 


Value 


Mineral or product 


Aluminum: = 
Crude and semicrude = . metric tons 
Manufactures _ р до. 

Antimony: THEE й 
Metal, alloys, waste and scrap С |... do. 
Oxide, antimony content ин mE до. 

Arsenic metal, arsenic content TEN do. 

Bauxite and alumina: PUER 
Alumina, calcined equivalent n 
Bauxite: 

Calcined, refractory and other grade 
Crude and dried 
Specialty aluminum compounds, sulfate, chloride, fluoride-based metric tons 

Beryllium, unwrought, and waste and scrap, other including articles not 

elsewhere specified, beryllium content kilograms 
Bismuth, metal, alloys, waste and scrap, bismuth content do. 

Cadmium: 
Metal do. 
Sulfide, gross weight do. 
Unwrought and powder do. 
do. 


Waste and scrap 
Chromium: 


Ores and concentrate 


Metals and alloys: 


еы, __ _ шм —— 


___metric tons 


Metal, unwrought powders, waste and Scrap, other foe ee do. 
Ferroalloys, high-carbon, low-carbon, ferrochromium-silicon | |. do. 
— Chemicals: = 
H Oxides, trioxide, other _ до. 
Sulfates do. 
Salts of oxometallic or peroxometallic acids, zinc and lead chromate, “sodium 
_ dichromate, potassium dichromate, other " do. 
Pigments and preparations __до. 
Cobalt: Moro mu 
Acetates MT |. do 
___СМопдез | _ do 
~~ Oxides and hydroxides > "PEN do. 
Metal: 
Unwrought, powders, waste and scrap, mattes, other intermediate products of 
-metallurgy — NE | do. 
_ Соррег: | | g | 
Unmanufactured, does not include unalloyed scrap, copper | content _ | | №0. 
—— Semimanufactures ПИ _ до. 
___ Scrap, alloyed and unalloyed n do 
Ferroalloys not listed elsewhere: MS _ р mM 
Ferrophosphorous — 5 до. 
Other do. 
Gold: МИ СЕ 
Ores and concentrates = "n" kilograms 
Dore and precipitates T do. 
Bullion, refined ИНИН do. 
Waste and scrap m do. 
.. Metal powder mM || do. 
do. 


Compounds 
© Tron and steel: 
Steel mill products 


Fabricated steel ] products. | 


Cast i iron and steel products 


See footnotes at end of table. 
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3,420,000 


171,000 


581 
3,590 
705 


1,660 ' 


3l 
22 
31,300 * 


21,200 
628,000 ' 


204,000 
71,500 
62,900 

4,700 


5,250 


557 
5,330 


17,800 
53 


3,060 


345,000 
234,000 
1,240,000 


577 
8,700 


8,400 
62,800 
403,000 
626,000 
670 
3,930,000 


12,200 


2,080 ' 
229" 


9,640,000 
741,000 


5,530 
17,800 
1,630 


824,000 * 


9,910 
671" 
31,200 " 


14,900 
6,690 " 


790 
37 
223 
64 


3,520 


13,800 
7,670 


54,800 
263 


33,400 
10,600 


4,490 
102 
2,700 


96,300 


2,170,000 
2,180,000 
4,980,000 


1,240 
13,800 


282,000 
2,430,000 
19,600,000 
7,510,000 
19,100 
98,700 


NA 
NA 


NA. 


3,480,000 
140,000 


847 
3,870 
439 


1,680 


18 
11 
37,900 


55,000 
764,000 


378,000 
9,340 
253,000 


14,500 
791 


205 
22 
397 


3,420 


510,000 
245,000 
1,200,000 


161 
3,240 


11,800 
311,000 
371,000 
266,000 

304 
2,820,000 


12,500 
1,990 
244 


9,480,000 


594,000 


4,310 
21,700 
954 


756,000 


3,750 
313 
34,900 


22,800 
8,110 


1,180 
5 
406 


-— 


9,870 


13,000 
7,250 


88,200 
254 


20,700 
5,480 


3,350 
238 
2,540 


106,000 


3,080,000 
2,140,000 
4,400,000 


358 
7,900 


252,000 
13,700,000 
19,300,000 

2,310,000 
8,710 
107,000 


NÀ 
NÀ 
NA 


rV gr qum ue gn pp) LOL Irc IU IM nga Hi S [s EPI HS ОИ Ds HEIE is | 
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TABLE 7—Continued 
U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS'? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


ER OO ED cC з — жк _ _ Эз эчи — — €! 
.....201 2 20. 202  ?L( 
- Mineral or product Quantity Value Quantity Value 
Metals:—Continue 
Iron and steel scrap: 
Ferrous, includes tinplate and terneplate, excludes used rails for rerolling and other uses 
___and ships, boats, and other vessels for scrapping —Á — — 8 č = — — 8— 8 — — (— 24,300 11,400,000 21,400 9,430,000 
Pig iron, all grades | 51 27,000 21 8,110 
__Direct-reduced iron, steelmaking grade — — — — — metrictons 3910 448 533 56 
_ Ships, boats, and other vessels forserapping — — — — — — — —  — — — o 4 835 5 913 
_ Used rails for rerolling and other uses, includes mixed (used plus new) rails _________ 49 50,400 36 37,600 
1" -—————— 11,100 1,330,000 11,200 1,440,000 
_Basebullion,leadcontent = греше tons 70 743 72 8 
Pese bullion, leadcontent  — — — шею 52 
. Üreandconcentrates lead content — — — — —  — — 1 90: 223,000 425,000 214,000 360,000 
_Unwought and alloys, lead content O O Z ___ 90% 40,100 54,100 47,000 57,800 
. Wroughtand alloys, lead content — — — __ _ ë 7,030 13,500 6,300 10,400 
Scrap, gross weight do di 2 do , , ; 
= йы с >. з умму RENE TR MEC 7А ‚100 36,800 25,900 30,600 
Magnesium: у 
Waste and scrap, magnesium content do. 1,680 3,960 2,100 5.290 
mo oU ANT. — 5,520 14,600 7,020 21,400 
; ye gross weight =- do. 3,500 14,500 7,310 36,300 
_ owder, sheets, tubing, ribbons, wire, other forms, gross weight do. 1,620 35,600 1,870 40,100 
anganese, gross weight: | 
Мике ом OOOO O 
т лл ormore пиле ____ф. 1,360 1,500 1,710 1,990 
Es s NNNM 4,520 ' 7,780 5,350 6,540 
а ОЬ 8,470 11,100 5,850 8,220 
Ме ‹ . M , , > > 
a wasteand De ee 248 3,370 10,100 2,580 7,510 
ое 
| NM HE о P CH E 10,900 18,400 9,260 16,800 
Metal 
И ——— 133° 2,070 ' 103 243 
—————2—2 7 2 91005 metals whether ог not chemically делеа чц 
Molybdenum: ether or not chemically defined do. 128 341,000 171 286,000 
17 ООО ОИ 
Ore and co i ; 
(бие including roasted and other, molybdenum content do. 47,100 1,450,000 43,500 1,120,000 
Ea 2. Se St ee ал ус, 
| Oxides and hvdroxi = 
БЕ al oxides, gross weight do. 4,840 92,400 1,590 34,900 
Бава ш чари do. 2,010 35,600 1,530 22,300 
‚| Oller includes powders amaro Dent do. 1,330 47,100 996 33,100 
UT рад -———— 2,970 144,000 1,850 112,000 
пагу, unwrought : | 
|... Secondary, ae = г penile do. 12,400 391,000 9,100 372,000 
Wrought, not alloyed * scrap and waste and scrap do. 64,800 1,090,000 59,800 925,000 
‚| Alloyed, unwrought i ars, rods, profiles, wire, sheets, strip, foil, tubes, pipes do. 891 30,000 820 25,100 
i other alloyed ee bars, rods, profiles, wire, sheets, strip, foil, tubes, pipes, 
ев weight ed 
) Nin (Ыш) Gace E do. 45,300 1,840,000 43,900 1,830,000 
odium: 
Ay Ore mid шы иы ыс = „ыст 
| t 
| Ferroniobium = kilograms 12,300 129 31,500 239 
_ oe gO 519,000 5,640 512,000 5,630 
| Ores and concen i 
trate : 
| мощи powers wane ani доо 207,000 3,300 411,000 10,700 
M ин ар M —nÓ 501,000 124,000 371,000 86,000 
| ст тел до. 81,800 47,800 81,200 59,000 
| ium, palladium c 
"| — Platinum, includes ес до. 32,000 416,000 32,200 467,000 
Iridium, osmi 210 Scrap and metal, platinum content do 130,000 1,990,000 93,400 1,210,000 
| ый ы о, ruthenium, gross weight 4 , dien 
у Rhodium, rhodium content | gh do. 1,150 18,009 [o ра 


до. 1,370 71,700 1,040 43,600 


“Rar eats ee шош у 
‚ 65 А 
d Cerium com — rare-earth oxide content: 
5 
Femocerium 50,900 992.000 16,900 
and other do. 1,640,000 , , , 
| St footnotes at end of table Horie alloys до. 2,010,000 18,300 951,000 12,700 
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TABLE 7—Continued 
U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS"? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2011 2012 


Мар Qumüy Маше ____Озшшу e 
Metals:— Continued 
Rare earths, estimated rare-earth oxide content:—Continued 
— Metals including scandium and yttrium № 3,030,000 63,900 2,080,000 24,400 
— selenium, selenium contet фо 1,350,000 ' 26,700 ' 952,000 19,700 
Tellurium, tellurium ООО 38,600 7,210 47,400 3,900 
"Silicon gross weight: _________________________---- 
— Femoslion metic tons 34,000 40,600 20,600 34,400 
Metal do 79,500 2,640,000 76,200 1,900,000 
Silver: 
Bullion, silver content kilograms 625,000 673,000 837,000 795,000 
Dore, silver content do. 107,000 133,000 67,900 70,400 
Metal powder, gross weight do. 1,080,000 1,120,000 714,000 729,000 
Nitrate, gross weight do. 54,400 7,130 47,400 6,170 
Ores and concentrates, silver content do. 172,000 94,200 41,500 39,900 
Semimanufactured forms containing 99.5% or more by weight of silver, gross weight do. 1,080,000 807,000 628,000 543,000 
Waste and scrap, gross weight do. 4,450,000 3,440,000 13,000,000 2,050,000 
Unwrought, other, gross weight do. 193,000 169,000 284,000 298,000 
Thorium and thorium-bearing materials, compounds metric tons 4 762 3 734 
Tin 
Ingots and pigs do. 5,450 33,300 5,560 33,300 
Tin scrap and other tin bearing material, except tinplate scrap, includes rods, profiles, 
wire, powders, flakes, tubes, pipes do. 21,900 88,200 15,100 66,000 
Tinplate and terneplate do. 216,000 183,000 160,000 132,000 
Titanium: 
Metal, waste and scrap, unwrought, wrought products and castings, ferrotitanium 
and ferrosilicon titanium do. 34,500 1,340,000 41,000 1,450,000 
Ores and concentrates do. 26,600 11,000 43,000 31,900 
Pigment, dioxide and oxide do. 789,000 2,230,000 624,000 2,040,000 
Tungsten, tungsten content: 
Ammonium paratungstate do. 977 18,700 833 16,500 
Carbide powder do. 1,250 63,000 878 52,800 
Metal powders do. 686 54,300 637 50,800 
Miscellaneous tungsten-bearing materials, ferrotungsten, ferrosilicon tungsten, 
unwrought, waste and scrap, wrought, compounds do. 4,050 73,800 4,180 70,300 
Ores and concentrates do. 169 6,140 203 3,800 
Vanadium: 
Aluminum-vanadium master alloy, gross weight kilograms 1,200,000 ' 12,2200 * 1,360,000 18,600 
Ferrovanadium, vanadium content do. 314,000 9,980 337,000 11,000 
.. Metal, including waste and scrap, gross weight — ——  — d 102,000 3,340 26,000 698 
Pentoxide, anhydride, vanadium content do. 97,600 ' 1,650 ' 61,800 1,160 
Other oxides and hydroxides, vanadium content do. 254,000 2,390 287,000 3,540 
Zinc: 
Compounds, chloride, chromates of zinc or of lead, compounds n.s.p.f.’, lithopone, 
oxide, sulfate, sulfide metric tons XX 63,600 XX. 67,900 
Ores and concentrates, zinc content do. 660,000 997,000 592,000 806,000 
Rolled do. NA NA NA NA 
Slab, refined do. 19,000 NA 14,100 NA 
Zirconium: 
Ferrozirconium do. 2,680 6,720 2,560 6,420 
Ores and concentrates —  —  — — о 24,300 46,900 ' 20,000 34,900 
Oxide, includes germanium oxides and zirconium dioxides do. 6,700 ' 87,300 ' 6,230 85,300 
Unwrought powders do. 528 26,900 471 25,300 
Total XX 87,300,000 XX 86,400,000 


See footnotes at end of table. 
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TABLE 7—Continued 


U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS"? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2011 2012 
Mineral or product Quantity Value " Quantity — Vale — 
Industrial Minerals: 
Abrasives, manufactured: 
Aluminum oxide, crude do. 19,900 74,700 19,100 64,200 
Metallic abrasives do. 39,500 55,000 39,000 53,400 
Silicon carbide, crude, ground and refined do. 27,800 59,000 20,000 40,400 
Asbestos, includes reexports: 
Manufactured NA 27,000 NA 26,400 
. Unmmamufatued — — — — — — — ^ — o шейіс (0пѕ 169 207 41 69 
Barite, natural barium sulfate do. 98,300 17,300 151,000 42,200 
_Boronmineralsandcompounds: —  — — ———— — — — — —— —  — — — — — — 
. Boric acid, includes orthoboric and anhydrous — — ěăěë =ăë O=ă oOo ë 235 166,000 190 155,000 
Sodium borates 492 244,000 456 259,000 
Bromine: 
Compounds, includes methyl bromine and ethylene dibromide, bromine 
content metric tons 2,560 9,610 2,700 15,000 
Elemental, gross weight do. 4,580 8,790 3,730 9,960 
Cement, hydraulic and clinker“ 1,410 187,000 1,750 229,000 
Clays: 
u 49 2,890 74 4,580 
и | 
аш 1,020 167,000 1,040 165,000 
ил ои ма зс лш I е 371 61,600 289 47,200 
Pullers eath _____-- ______________ ____----- 102 45,900 105 36,200 
аа. ааа =_=: = 2,490 555,000 2,450 549,000 
Other, пес, includes chamotte or dinas earth, activated clays and earths, artificially 
a ee E 209" 154,000" 213 162,000 
amond: 
„Рила O 
—Gensiones, natural, including reexports thousand carats 16,000 18,200,000 22,900 16,900,000 
dustrial including exports and reexport ë OC å OoOO å OoOo 
nc a a 1,260 32,100 774 33,300 
В ЗОО: 9 167,000 81,400 172,000 87,800 
ee о е ———— 106 55,800 96 50,700 
к о ЕЮ 17,000 3,020 13,000 4,390 
“Cnet —————— № 24,100 3,780 23,800 3,640 
EU p ҜӘ. 14,500 14,100 14,600 14,600 
Gypsum and gypsum = a do. 60,200 191,000 54,900 188,000 
E ccu coo у у з, _ зз с 
NES eee LLL м, ада ASA кыт сыы 316 20,000 408 28,800 
ам а m 307 48,200 140 37,200 
N au ES 833 149,000 856 154,000 
poo ДНИ ИДИ АДИ НЕ XX 68,600 XX 57,000 
Mie eA LLL million cubic meters 84 NA 85 NA 
Errore ERE ОИ ВИ 
я 900 19,200 1,040 27,800 
№ 7,250 336 6,160 
l'on oxide pigments and hydroxides: do. 344 ; 
EU ^N 
terga ———————————— фо. 8,660 ' 15,000 ' 8,950 х 
Каа а фо 53,400 36,700 51,400 
Ii E 38 11,600 36 11,700 
оо a aU 231 40,100 212 36,700 
E e ЗВОНИК 
Ws LL metrie tons 1,260 7,090 1,060 bo 
T eee e o а 
agoa, chlorides, hydroxide and peroxide, sulfates — до. 45,500 31,800 
C Dip cM mesa во. 6 112 156 126 
Е Dead-bumed and fused magnesi do: р 15.900 10,200 
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TABLE 7—Continued 
U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS"? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2011 2012 
Mineral or product Quantity Value Quantity Value 
Industrial Minerals:—Continued 
— Magnesium compounds:—Continued ——  _ — ————— —— 
С Magnesite, crude and processed:—Continued _______— о 
Е СОБА у= 15,700 17,400 14,700 17,200 
Г ВА ee 18,400 2,540 5,210 799 
Міса: 
Scrap апа Паке: 
Powder do 5,800 8,700 5,820 7,980 
Waste do 68 35 74 47 
Sheet: 
Unworked do. 60 275 322 678 
Worked do 978 17,900 1,340 21,000 
Nitrogen, major compounds, nitrogen content 1,460 NA 1,490 NA 
Peat 49 5,550 * 76 8,520 
Perlite, crude? metric tons 36,000 NA 38,000 NA 
Phosphate rock: 
Diammonium phosphate 3,940 2,190,000 3,630 1,770,000 
Elemental phosphorus 13 45,700 19 62,000 
Monoammonium phosphate 2,710 1,650,000 2,410 1,280,000 
Phosphoric acid 954 408,000 788 408,000 
Potash: 
Potassium chloride metric tons 65,100 NA 157,000 NA 
Potassium sulfates, all grades do. 594,000 NA 503,000 NA 
Potassium nitrate do. 16,400 10,700 15,700 11,400 
Pumice and pumicite 14 6,480 ' 12 6,840 
Salt 846 87,500 809 90,300 
Sand and gravel: 
Construction: 
Sand 144 21,900 197 19,600 
Gravel | 213 6,310 229 5,930 
Industrial 4,330 371,000 4,360 327,000 
Silica, special stone products" NA 11,100 NA 11,900 
Soda ash 5,470 1,040,000 6,110 1,240,000 
Stone: 
Crushed 911 41,800 1,140 44,600 
Dimension XX 66,000 XX 64,900 
Strontium compounds: 
Carbonate, precipitated kilograms 30,300 41 120,000 130 
Oxide, hydroxide, peroxide do NA NA NA NA 
Sulfur: 
Elemental 1,310 266,000 1,850 366,000 
Sulfuric acid, 100% H,SO, 332 41,500 161 33,000 
Talc, excludes powders-talcum (in package), face, compact 223 ' 52.700 ' 251 56,100 
Vermiculite 2 1,380 2 МА 
Wollastonite" metric tons 10,000 ' 3,120 10,000 3,240 
NCC ИНИЦИРА И MM s 1,100 259 750 183 
uu c ,-. узы = к= ы M SM. AL Би XX — 27,300,000 XX 25,500,000 
Grand total XX 115,000,000 XX 112,000,000 


*Estimated. "Revised. do. Ditto. NA Not available. XX Not applicable. -- Zero. 

Summary data from the chapters of the 2012 Minerals Yearbook as they were completed and released through September 2, 2014. 
Data are rounded to no more than three significant digits; may not add to totals shown. 

?Not specifically provided for. 

^Does not include Puerto Rico. 

Мог elsewhere classified. 

Напа sharpening or polishing stones. 
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ТАВГЕ 8 


U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS"? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


пинова À—— illi ae NE UC EDS 
2011 2012 


Mineral or product Quantity Value? Quantity Value? 
Metals; 
Mets aM o 
Aluminum: 
Crude and semicrude metric tons 4,290,000 11,900,000 4,350,000 11,000,000 
Manufactures do. 316,000 1,120,000 374,000 1,210,000 
Antimony: 
мша мз Е: 
Metal do. 5,040 60,700 5,050 59,200 
__ Оте апі concentrate, antimony content o  — do 288 4,150 380 4,780 
Oxide, antimony content do. 18,200 197,000 17,200 172,000 
Arsenic: 
| Acid do. 24 42 4 40 
м 3 628 2,130 883 2,550 
Sed 2 28 (4) 30 
| Trioxide do. 6,570 3,240 7,550 3,910 
' Bauxite and alumina: 
Alumina, calcined equivalent 2,160 ' 892,000 ' 1,790 667,000 
Bauxite: 
Calcined, refractory and other grade 353 57,700 ' 405 55,900 
Crude and dried 9,540 431,000 "5 10,300 459,000 5 
Specialty aluminum compounds, sulfate, chloride, fluoride-based metric tons 52,600 63,600 64,900 72,100 
Beryllium, ore, concentrates, oxide, hydroxide, unwrought including powders, 
waste and scrap, other, бегу шт-соррег master alloys, beryllium-copper plates, 
sheets, strip, beryllium content kilograms 92,000 26,100 99,700 23,000 
x metallic do. 1,750,000 41,100 1,700,000 38,100 
admium: 
Cadmium: 
=. - ee - EN Т? 9,140 786 21,300 97 
Silfidegossweight до. 230,000 2,870 34,000 946 
ноар — O —  — __________ до. 201,000 1,240 170,000 1,160 
Waste and scrap 23 4 1,280 22 
Chromium: 
р metri tons 191,000 67,900 271,000 109,000 
A TI A ---- 
| VEO high-carbon, low-carbon, ferrochromium-silicon do. 538,000 824,000 526,000 728,000 
| eal, unwrought powders, waste and scrap, other do. 13,600 192,000 15,300 203,000 
| Chemicals: 
г Ме, trioxide and other do. 7,100 27,300 9,960 38,200 
«sue | до. 308 368 346 376 
| S oxometallic ог peroxometallic acids, zinc and lead chromate, sodium 
| Garde potassium dichromate, other do. 673 2,410 1,330 3,960 
| ааа aa и НЕ 276 5,690 171 3,600 
| Ср i Preparations based on chromium do. 2,650 13,600 1,850 11,400 
| 
| Unwrou : 
| ни ка карш, alloys and waste and scrap, includes cathode and metal 
Onide and : ау include Intermediate products of cobalt metallurgy do. 8,020 296,000 8,750 264,000 
um оі, content do 1,870 61,200 1,670 51,200 
(0) 1 . Й 
E mms, includes acetates, carbonates, chlorides, sulfates, content do. 704 25,300 633 21,000 
| а и 
| ner red, does not include unalloyed scrap, copper content do. 687,000 6,190,000 638,000 5,080,000 
| Serap allo = | до. 264,000 2,320,000 247,000 1,940,000 
.— moli end unalloyed do. 110,000 553,000 105,000 533,000 
: ys not listed elsewhere: 
Mag eee Y 8,690 5,120 7,070 4,340 
er D ; > 
Callum: do. 8,050 32,400 8,160 32,200 
a oe C DERNIERE MN 
оте vende and scrap kilograms 85,700 43,700 58,200 S 
(етапи s "s ers, doped and undoped Hs: 301,000 226,000 222,000 2 | pes 
Ste footnotes а! end of abe ug Waste and scrap, gross weight do. 28,300 39,400 37,500 , 
STATISTI 
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TABLE 8—Continued 
U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS"? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2011 2012 


00000 LL o Oopa Z Oy, Маһ Oy Vie _ 
Golds 
— Orsandconenzates № 203,000 115,000 5,370 45,700 
Dore and precipitates S9. 161,000 6,910,000 218,000 10,800,000 
Bullion, refined do 143,000 6,010,000 108,000 5,030,000 
Waste and scrap do 57,400 849,000 116,000 1,570,000 
Metal powder do 437 7,570 318 8,500 
Compounds do 37,600 1,630 13,400 3,440 
Indium, unwrought metal and powders do. 146,000 91,000 109,000 53,900 
Iron and steel: 
Steel mill products 25,900 NA 30,400 NA 
Fabricated steel products 4,270 NA 4,690 NA 
Cast iron and steel products 540 NA 553 NA 
Stainless steel metric tons 968,000 NA 1,050,000 NA 
Iron and steel scrap: 
Ferrous, includes tinplate and terneplate, excludes used rails for rerolling and other uses 
and ships, boats, and other vessels for scrapping 4,010 1,650,000 3,720 1,590,000 
Pig iron, all grades 4,190 2,120,000 4,270 1,900,000 
Direct-reduced iron, steelmaking grade 1,800 775,000 2,470 921,000 
Ships, boats, and other vessels for scrapping (4) 50 (4) 22 
Used rails for rerolling and other uses, includes mixed (used plus new) rails 71 35,000 71 32,000 
Iron ore 5,270 841,000 5,140 758,000 
Lead: 
Base bullion metric tons 434 1,940 1,020 3,900 
Pigs and bars, lead content do. 313,000 700,000 349,000 699,000 
Pigments and compounds, lead content do. 26,400 62,500 29,900 66,900 
Scrap, reclaimed, includes ash and residues, lead content do. 2,400 5,380 2,940 4,580 
— Wrought, all forms, including wire and powders, gross weight do. 2,450 11,100 2,270 8,370 
Magnesium: 
Waste and scrap, gross weight do. 22,000 48,700 20,900 47,800 
Metal, gross weight oO 0 0 0 60€ 14,300 68,900 16,200 69,100 
Alloys, magnesium content do. 11,200 54,600 12,700 61,500 
___Ролудег, sheets, tubing, ribbons, wire, other forms, magnesium content _________ 40. 974 12,800 882 9 
_ Manganese: ыы 
___Огез and concentrates with 20% or more manganese, manganese content — do. 266,000 145,000 226,000 0100 
___Еепотапрапезе, all grades, manganese content — — č  — do. 274,000 483,000 314,000 482,000 
О Silicomanganese, manganese content — — — — 1 1 11 do 232,000 417,000 231,000 419,000 
___ Metal, unwrought, other wrought, waste and scrap, gross weight —  — Чо. 35,300 112,000 14,200 126,000 
__ Chemicals, manganese dioxide and potassium permanganate, gross weight — — do. 30,100 73,400 26,200 58,100 
Mercury: 
а с Ена MEC: 110 777 249 4,860 
___Атајратѕ of precious metals whether or not chemically defined Sd. 34 67,300 21 16/200 
Molybdenum: __" 0 0 00 0 0 000 0 0000000000000 
__ Ores and concentrates, including roasted and other, molybdenum content _ фо. 14,700 460,000 12,000 299,000 
Chemicals, gross weight: 
Oxides and hydroxides do. 147 3,820 532 10,600 
Molybdates, all, molybdenum content do. 545 22,500 477 15,700 
Orange do. 328 2,790 355 2,910 
Ferromolybdenum, molybdenum content do. 3,210 119,000 4,320 138,000 
Other, includes powders, unwrought, bars and rods, waste and scrap, wire, other, 
gross weight do. 2,520 128,000 2,650 104,000 
Nickel, nickel content: 
Primary, unwrought and chemicals do. 138,000 3,370,000 133,000 2.520,000 
Secondary, stainless steel scrap and waste and scrap do. 21,300 484,000 22.300 445,000 
Wrought, not alloyed, bars, rods, profiles, wire, sheets, strip, foil, tubes, pipes do. 827 31.700 1440 38,800 
Alloyed, unwrought ingot, bars, rods, profiles, wire, sheets, strip, foil, tubes, pipes, ' 


See footnotes at end of table. 


2.26 


Google 


U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK—2012 


yey yet \ 


iba | 


| 


TABLE 8—Continued 


U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS"? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


== 2011 2012 
Mineral ог product Quantity Value? Quantity Value? 
Metals:—Continued 
Niobium (columbium) and tantalum: 
Niobium: 
Ores and concentrates kilograms 9,090 710 11,000 761 
Oxide do. 1,610,000 60,600 1,740,000 77,400 
Ferroniobium do. 10,600,000 289,000 11,400,000 324,000 
Unwrought powders do. 1,460,000 74,100 1,440,000 84,400 
Tantalum: 
Ores and concentrates, includes synthetic concentrates do. 190,000 15,300 261,000 13,000 
Unwrought powders, waste and scrap, unwrought alloys and metal do. 1,670,000 150,000 862,000 235,000 
Wrought do. 124,000 53,600 70,200 36,700 
Platinum-group metals, metal content: 
Platinum, grains and nuggets, sponge, other unwrought, other, waste and 
scrap, coins do. 129,000 3,290,000 172,000 3,110,000 
Palladium, unwrought and other do. 98,900 2,160,000 80,100 1,650,000 
_tidium wwrought and other forms O č _ — ë 2,790 ' 59,000 ' 1,230 40,500 
Osmium, unwrought do. 48 261 130 731 
Ruttenium, unwrought do. 13,300 ' 69,700 ' 10,200 35,100 
Rhodium, unwrought and other forms — — — — 1 __ do. 13,100 844,000 12,800 529,000 
Rare earths, estimated equivalent rare-earth oxide (REO) content: 
— Сеш compounds, including oxides, hydroxides, nitrates, sulfate chlorides, oxalates_do. — 1,120,000 Е gei 
_ Femcerium and other pyrophoric alloys — ă — — — O do. 186000 3,930 267,000 7,950 
Mixtures of rare-earth chlorides, except cerium chloride _______________до. 382,000 51,700 495,000 27,700 
—MimwesofREOsexceptcerium oxide Оф. 1,830,000 102,000 537,000 25,700 
Compounds, including oxides, hydroxides, nitrates, other compounds except 
chlorides do. 3,770,000 475,000 2,840,000 378,000 
E ocu Mar какы шы ec —— ER — cs da , , з 
Meeks whether intermixed or alloyed O O OOOO o 468,000 70,800 240,000 21,800,000 
Yttrium compounds content by weight greater than 19% but less than 85% oxide 
equivalent do 34,700 11,800 27,200 5,870 
А , , 
а ИН me ei e 
a do, 23,800 55,800 27,400 67,500 
-Amoni perhenate do. 13,800 26,400 18,400 31,500 
Selenium and tellurium: 
аеш 
x o MENSEM у OE 589,000 69,700 440,000 49,200 
m 5 до. 12,500 758 14,200 1,370 
пр wim contet во. 70,800 13,100 36,100 8,740 
Е O OOOO O 
et rntrig tons 233,000 383,000 250,000 373,000 
а MV 190,000 884,000 137,000 552,000 
а ee 
а residues, silver content kilograms 114 27 391 119 
|o cl OOOO 5,250,000 5,660,000 4,030,000 4,040,000 
ЕЕ ЕСЕН сае ЕЕ 1,070,000 1,530,000 1,030,000 1,430,000 
> Ss gross weight do. 344,000 214,000 444,000 323,000 
a eet do. 1,870 727 1,730 601 
Senin Silver content ds. 84,200 31,900 82,700 35,400 
а —- 
Waste and ctured forms containing 99.596 or more by weight of silver, gross weight do. 690,000 796,000 498,000 484,000 
= Scrap, gross weight do: 8,820,000 519,000 7,320,000 518,000 
Пор а gross Weight до. 217,000 108,000 199,000 RH 
Thorium: ought powders, waste and scrap, other do. 203 120 4,730 2,01 
Os eae 
d oncentrate ; 50° 43 26 
E UIS NE 7:171 У Er 4 300 
Tin, gross wei jh 5 materials, compounds do. 6 
Koc. eS ee 
Drs; = i do. 769 20,200 438 ies 
Smm А 
Meal qa Scrap, residues, alloys, n.s.p.f.° da; 58,600 39,400 73,300 39,30 


36,900 735,000 
Xt footnotes at end of table, do. 34,200 857,000 
Я 
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TABLE 83—Сопипџед 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2011 2012 


ineral or product 


Metals:—Continued 


Tin, gross weight:—Continued 


Miscellaneous, includes tinfoil, tin powder, flitters, metallics, manufactures, п.5. f$ do. 
Tinplate and terneplate do. 
do 


Tinplate scrap 


Titanium: 


Concentrate: 
Ilmenite do 
Rutile, natural and synthetic do. 
Metal: 
Waste and scrap do 
Unwrought do 
Ingots do 
Powder do 
Other do 
Wrought products and castings, includes bar, castings, foil, pipe, plate, profile, 
rod, sheet, strip, tube, wire, other do. 
Ferrotitanium and ferrosilicon titanium do. 
Pigment, dioxide and oxide do. 


_ Pigment, dioxide and oxide — 0 0 === 
Titaniferous iron ore do 
do 


Titaniferous slag 


Tungsten, tungsten content: 
Ammonium paratungstate do 
Ferrotungsten and ferrosilicon tungsten do. 


Miscellaneous tungsten-bearing materials, metal powders, carbide powder, 
unwrought, waste and scrap, wrought, oxides, calcium tungstate, other tungstates, 


other compounds do. 
Ores and concentrates do. 
Vanadium: 
Aluminum-vanadium master alloy, gross weight kilograms 
Ferrovanadium, vanadium content do. 
Metal, including waste and scrap, gross weight do. 
Miscellaneous chemicals, sulfates and vanadates, vanadium content do. 
Pentoxide, anhydride, vanadium content do. 
Vanadium-bearing ash and residues from the manufacture of iron and steel, 
vanadium oxide content do. 
Other oxides and hydroxides, vanadium content do. 
Zinc: 


Compounds, chloride, chromates of zinc or of lead, compounds п..р.Ё, lithopone, 
oxide, sulfate, sulfide, gross weight metric tons 


Ores and concentrates, zinc content do. 
Slab, refined _— | до. 
Zirconium and hafnium: i 
Hafnium, unwrought, including powders do. 
Zirconium: ee: 
___Ferrozirconium | КОШ до. 
|... Ores and concentrates LL de 
Oxide, includes germanium oxides and zirconium oxides —  — фо. 
Unwrought powder do. 
Е Waste and scrap _ | | a do. 
Total 


Industrial minerals: 
__ Abrasives, manufactured: 


Aluminum oxide, crude, ground and refined ПИ до. 
Metallic abrasives _ _ i |. do 
Silicon carbide, crude, ground and refined | BED do. 


See footnotes at end of table. 
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Quantity 


XX 
367,000 
97,100 


377,000 
381,000 


13,900 
33,800 
655 

51 

209 


6,820 
2,070 
200,000 
96 
513,000 


2,020 
206 


7,370 
3,640 


364,000 
2,220,000 
43,900 
345,000 
2,800,000 


1,420,000 
886,000 


ХХ 
26,700 
716,000 


10 


88 
26,500 


3,010" 


52 


_ 823 ' 


XX 


223,000 
49,600 
129,000 
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Value? 


U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS? 


Quantity 


M 


60,800 XX 
431,000 428,000 
28,500 91,300 
39,600 374,000 
246,000 389,000 
116,000 14,400 
349,000 30,500 
12,500 510 
3,490 33 
7,500 448 
288,000 6,840 
11,700 2,410 
585,000 203,000 
23 286 
235,000 618,000 
77,700 1,500 
7,980 316 
409,000 6,230 
119,000 3,650 
3,670 218,000 
64,600 4,190,000 
1,930 154,000 
8,140 309,000 
45,800 1,640,000 
1,570 2,040,000 
17,400 905,000 
241,000 XX 
NA 6,140 
NA 655,000 
4,760 23 
406 5 
57,600 25,800 
56,700 4,550 
3,280 116 
56,700 451 
75,500,000 ' ХХ 
174,000 231,000 
34,700 22,000 
201,000 


100,000 


Value! 


35,700 
500,000 
30,800 


63,200 
494,000 


98,500 
681,000 
8,500 
3,110 
13,700 


302,000 
12,000 
709,000 
52 
453,000 


56,300 
14,200 


348,000 
139,000 


3,700 
108,000 
4,840 
6,560 
26,500 


9,880 
12,300 


221,000 
МА 
МА 


6,440 


72 
66,400 
65,100 

4,210 


58,900 _ 


94,400,000 


166,000 
21,700 


126000 . 


~ 


М. 


TABLE 8—Continued 
U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS'? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


> 2011 2012 


Mineral or product Quantity Value? Quantity Value? 
Industrial minerals:—Continued 
Asbestos: 
ES ОЕ ha a Ug 
Chrysotile and other unspecified type do. 1,180 1,100 1,610 2,520 
Products with basis of asbestos, cellulose, or other minerals NA 5,660 NA 8,610 
Barite: 
Chloride, oxide, hydroxide, peroxide, precipitated carbonate metric tons 7,210 11,000 10,100 17,500 
Crude do. 850,000 105,000 1,110,000 171,000 
Ground do. 1,450,000 121,000 1,790,000 237,000 
Other sulfates do. 15,100 18,500 18,100 22,300 
Boron minerals and compounds: 
Borax 27 959 € 2 844 
Boric acid 57 40,800 55 43,000 
Colemanite 20 19,000 28 23,200 
Ulexite 5 858 12 2,940 
Bromine: 
Compounds, contained bromine metric tons 46,300 ' 102,000 ' 51,500 112,000 
Elemental do. 997 2,200 1,580 3,910 
Cement, hydraulic and clinker’ 6,420 469,000 6,890 513,000 
Clays: 
aee e з зы ee ee 
China clay or kaolin o 549 56,200 472 56,800 
Fire clay 2 893 8 1,380 
ыу з эз... Et ЕБЕЕС ІС 
Ball clay (4) 148 (4) 137 
SOLU а а ШЕКЕ 
Bentonite 9 7,080 12 15,300 
= вени ни 
Fuller's earth 2 142 1 160 
"T | у. у a ee 
Chamotte or dina’s earth (4) 121 (4) 109 
E 
Artificially activated clayandearth OOOO 31 32,900 31 34,000 
Diamond, industrial: 
Dimond stones, natural and miners thousand carats 2,460 48,400 2,330 35,100 
Powder, dust and grit, natural and synthetic до 726,000 97,700 1,180,000 166,000 
Ditonit, siliceous fossilmeas о Мю 1,880 702 3,070 1,100 
Feldspar and nepheline syenite: 
oe 1,710 476 1,640 342 
аза вњ 394,000 41,500 386,000 44,200 
Fluorspar: 
тоот eS ee шу шше 
Mmm fuoride (о. 41,200 58,400 50,000 65,900 
Cryolite | 10,100 
E E. 9,560 11,000 8,140 ; 
a NN. 77 727,000 154,000 620,000 157,000 
as ae 132,000 215,000 133,000 233,000 
ee ee ee ^ 116,000 24,500 166,000 34,500 
D бина art 1,740,000 23,500,000 2,210,000 21,300,000 
Natural Е 
ic t 81,300 56,700 68,400 
Бн fumos eI —————————————— тешпе tons 71,800 bs 2. 
Е м ВО. 110,000 372,000 98, 
а ышы: 
RO a 3,330 44,000 3,250 40,600 
e et ee 14 7,780 17 7,150 
e ыы ы ысы с озы зу зу т. 235 30,800 297 н 
XX 42, 
D on MENSEM RCM хх 34,700 
Оа а a у т с. 
: 250,000 
За ОР metric tons ы aom ps oe 
se I MEN dd | 
ага] 
3,280 2,400 
Syntheti do. 3,310 2,310 , 
ада до. 154,000 186,000 148,000 179,000 
lin related materials d 5.390 2.230 3,260 1.610 
> 300 
хе 12 69,900 468 68, 
ШИК 
ALSUMMARY—2019 2.29 


Google 


TABLE 8—Continued 


U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS, 


ии CIBC a a o UND ои 


(Thousand metric tons and thousand dollars unless otherwise specified) 


ne 
2011 2012 
Mineral or product Quantity Value? Quantity Value? 
о ‚су сос еы х= == ере 14,400 55,400 13,200 55,100 
= Co о-оо шее ышы ннн 800 8,890 1,640 10,600 
Magnesium compounds: 

Compounds, chlorides, hydroxide, peroxide, sulfates do. 119,000 52,900 119,000 49,100 

Magnesite, crude and processed: 

Caustic-calcined magnesia do 111,000 40,300 114,000 35,500 

Dead-burned and fused magnesia do. 384,000 234,000 292,000 178,000 

Other magnesia do. 28,700 25,700 26,000 23,000 

Crude do. 11,600 5,790 14,000 5,180 
Mica: 

Scrap and flake: 

Powder do. 24,300 15,100 23,500 14,900 
Waste do. 3,200 1,810 3,640 2,210 

Sheet: 

Unworked do. 172 254 212 693 

Worked do. 2,020 19,700 2,170 19,100 
Nitrogen, major compounds, nitrogen content 9,780 8,530,000 9,730 9,040,000 
Peat moss metric tons 982,000 228,000 911,000 237,000 
Perlite, processed crude do. 193,000 NA 150,000 МА 
Phosphate rock and phosphatic materials: 

Phosphate rock: 

Unground 2,450 345,000 ? 2,170 326,000 ? 
Ground 402 62,900 ^? 385 74,900 ? 

Dicalcium phosphate 7 10,800 ? 7 11,200 ? 

Elemental phosphorus 5 18,700 ? 11 43,000 ? 

Normal superphosphate 4 1,580 ` l 337? 

Triple superphosphate 207 113,000 ? 209 104,000 ? 

Diammonium phosphate 260 155,000 ? 92 52,500 ? 
.. Monoammonium phosphate 598 358,000 ^? 471 268,000 ? 

Fertilizer containing nitrates and phosphates 2 895 ? 3 1,320 > 

Phosphoric acid 1 185 > 2 598 > 

Potash, chloride, sulfate, nitrate, sodium nitrate mixtures 8,210 3,450,000 7.010 2,220,000 
Pumice: 
Crude or unmanufactured metric tons 22,600 494 66,700 1,230 
Wholly or partially manufactured do. 521 721 8.390 711 
Salt 13,800 367,000 9,880 292,000 
Sand and gravel: 

Construction 3,440 64,800 > 4,110 59,200 
ааа O O SS 316 87,900 306 36,600 
"Silica, special stone products? ___________ NA 11,300 NA 11,200 
аә 27 5,660 13 3,360 

Stone: 

Crushed, chips, calcium carbonate fines, excludes precipitated carbonates 15,000 179,000 > 15,400 208,000 ? 
_ Dimension 0 XX 1,590,000 XX 1,740,000 

Carbonate kilograms 14,200,000 14,4007 — 11,300,000 9,270 

celes, te do. 16,700,000 768 19,700,000 983 
ма. 175,000 1,250 130,000 1,180 

Oxide, hydroxide, peroxide do. о Ө о) 

› › йо. 37,600 76 21,300 55 

Sulfur: 
Elemental” - 3,270 * 301,000 2,930 238,000 
LE frio acia, „00a = 2,670 261,000 2,860 239,000 
53 28,000 57 МА 


See footnotes at end of table. 
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TABLE 8—Continued 


U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS"? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2011 
Mineral or product Quantity Value? 
Industrial minerals:—Continued 
Wollastonite® metric tons 4,000 540 
Zeolites" do. 100 21 
Total XX 43,400,000 
Grand total XX 119,000,000 


"Estimated. Revised. do. Ditto. NA Not available. XX Not applicable. 

Summary data from the chapters of the 2012 Minerals Yearbook as they were completed and released through September 2, 2014. 
‘Data are rounded to по more than three significant digits; may not add to totals shown. 

‘Customs value unless otherwise specified. 

‘Less than ¥4 unit. 

Cost, insurance, and freight value. 

‘Not specifically provided for. 

‘Does not include Puerto Rico. 

‘Hand sharpening or polishing stones. 

‘General imports, 


STATIST] 
CAL SUMMARY—2012 
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Quantity 


4,500 
5 

XX 
XX 


2012 


Value? 


630 

1 
40,600,000 
135,000,000 
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TABLE 9 
WORLD AND U.S. PRODUCTION OF SELECTED NONFUEL MINERAL COMMODITIES! 


(Thousand metric tons unless otherwise specified) 


United States 


Percentage 
World tota! of 
Mineral or product 2008 2009 2010 2011 2012 2012 world total 
Metals: 

Alumina 83,000 ' 77,100 € 85,500 " 91,800 ' 96,400 4,390 4.5 
Aluminum’ 39,700 37,300 ' 41,200 44,400 45,900 * 2,070 4.5 
Antimony, Sb content metric tons 185,000 154,000 178,000" 183,000" 174,000 * -- -- 
Arsenic (пожаде“ > до. 50,500 ' 47,600 " 52,400 ' 45,800 46,700 -- = 
Bauxite? *? 227,000" 210,000" 238,000" 259,000 258,000 * NA NA 
Beryl” metric tons 4,940 3,590 5,090 6,540 ' 6,150 * 5,570 90.6 
Bismuth, refinery*? do. 16,000 ' 14,000 ' 16,000 ' 17,000 " 16,000 -- - 
Cadmium, refinery do. 21,600 ' 20,300 ' 22,700 ' 20,400 " 20,900 * W NA 
Chromite’ 23,800 19,5007 24,400" 25,800" 25,600 * E = 

Cobalt, Co content: 


| ЗАО И ММ YU E LLL LL ——— 


Mine metric tons 79,900 ' 79,9007 107,000" 110,000" 103,000 * -- -- 


Refinery do. 57,600 ' 61,800 ' 79,500 ' 82,400 ' 77,900 -- -- 
Соррег: 

Mine 15,600 16,000 16,200 " 16,300 ' 17,000 1,170 6.9 

Smelter? 14,600 14,900 15,600 ' 15,900 * 16,100 485 3.0 

Refinery 18,300 18,300 19,100 19,700 20,100 1,000 5.0 
Gold metric tons 2,300 € 2,480 ' 2,580 € 2,670 ' 2,690 235 8.7 


indium, refinery kiogems 678000' 685000' _ 679,000" 7980007 — 795000 =_= 
iknow 2,210,000 ' 2,230,000 © 2,590,000 2,930,000" 2,930,000 ° 54,000 1.8 
Iron and steel: 
Pig iron? 931,000 919,000" 1,030,000 ' 1,100,000" 1,110,000 32,100 2.9 
камы — 1330000 1230000' 1,430,000" 1,520,000 — 1,550,000 8870 3t 
Lead: 
Mine, Pb content 3,880 3,850 ' 4,150 ' 4,730 ' 5,170 * 345 6.7 
Refinery 8,730 ' 8,860 ' 9.530 10,100" 10,200 * 1,220 12.0 
Magnesium" 2° metric tons 670,000 590,000" 747,000" 757,000" 802,000 W NA 
Manganese ore? 37,900 33,800" 44,100" 46,900" 47,100 = -- 
Mercury? metric tons 1,820 1,990 ' 2,250 2,000 € 1.810 Ww! NA 
Molybdenum, Mo content do. 221,000" 223,000" 247,000‘ 264,000 259,000 60,400 § 233 
Nickel, Ni content: 
Mine 1,630 ' 1,380 ' 1,650 ' 2,050 ' 2,000 = -- 
Refinery 1,390 1,370 ' 1,440 1,620 ' 1,760 m -- 
Niobium (columbium)-tantalum mE 
concentrates? metric tons 13,800,000 г 8,780,000 © 6,790,000 " 7,090,000 ^* 7,160,000 * -- -- 
Platinum-group metals kilograms 468,000 448,000" 467,000" 487,000" 451,000 * 16,000 3.5 
Rare earths, REO equivalent metric tons 132,000: 134,000" 126,000" 113,000" 112,000 3,000 2.7 
Rhenium? kilograms 53,100" 44200' 47,000" 50,400" 52600 7910 150 
Selenium, refinery, Se content? $ | metric tons 2,260 ' 2,120 € 2,180 ' 2,280 ' 2,240 W NA 
Silver do. 21,300" 22,300" 23,900" 24,100" 25,500 1,060 4.1 
Tellurium, refinery, Te content? > kilograms МА‘ МА ' NA‘ МА ' МА W МА 
Tin: 
Mine metric tons 260,000" 238,000" 255,000" 256,000‘ 243,000 Е -- 
Smelter? | do. 334,000 327,000" 335,000" 337,000" 321,000° 11,200 3.5 
Titanium concentrates: m BS 5 наоко ЕЕ 
IImenite and leucoxene’” 7,010 ' 6,260 ' 7,530 ' 7,570 ' 7,800 306 3.9 
Rutile’ ——— metric tons 641.000"  577,000' 734,000" 808,000" 809,000 W ОМА 
Tungsten, W content do. 61.900' 61200" 68500: 73,9007  75700* W || NA 
Vanadium, V content"? do. 62,000" 59,0007 72,000 74,000" 74,000 272 | 0.4 
Zinc: 
Mine, Zn content of concentrate and 
direct shipping ore 11,900" 11,600’ 12,4001  12,600' 13,500 738 5.5 
Smelter 11,700 11,400 12,800 13,200 ' 12,800 260 2.0 
Zirconium concentrates 1,360 1,130 ' 1,250" 1,620 1,460 “ W NA 


See footnotes at end of table. 
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TABLE 9—Continued 


WORLD AND U.S. PRODUCTION OF SELECTED NONFUEL MINERAL COMMODITIES! 


м у ә ttt С 


United States 
Percentage 
World total of 

Mineral or product 2008 2009 2010 2011 2012 2012 мога total 

Industrial minerals: 
Asbestos 2,090 € 2,110" 2,020" 2,020" 1,970 > = 
Barite 8,720 ' 6,670 7,950" 8,510" 9,200 * 666 | 72 
Boron minerals NA' МА ' NA' МА ' МА W NA 
Bromine" metric tons 415,000 320,000" 644,000"  481,000' 505,000 w" NA 
Celestite do. 390,000" 330,000"  219,000' 264,000" 254,000 € ER = 
Cement, hydraulic 2,850,000 3,040,000" 3,290,000 * 3,650,000" 3,830,000° — 74,900 "3 2.0 

Clays: 

Bentonite 15,3007 12,700" 14,200" 1400" 14,800 4,980 33.7 
Fuller’s earth 3,560 ' 3,090 " 3,180" 2,950' 3,110 1,980 63.7 
Kaolin 38,100" 34,000" 35,3001 39,000' 38,200 5,980 15.6 
Diamond, natural thousand carats 163,000" 120,000’ 128,000" 123,000 " 128,000 -- = 
Diatomite® 2210" 1,850 ' 1,900 ' 2,190 ' 2,120 735 2 34.7 
Feldspar 21,4007 18,600" 20,800" 19,400° 18,300 * 520 6 2.8 
Fluorspar 6,920 6,310 " 7,000' 6,740' 7,070 * = -- 
Graphite, natural" 1,050 € 794 ' 1.070 ' 1,160 ' 1,170 = -- 
Gypsum 236,000" 230,000" 222,000" 223,000" 231,000° 15,800 6.8 
lodine, crude" metric tons 26,0007 26,600" 26,0007  26,200' 28,000 W NA 
lon oxide pigments do. NA‘ МА ' NA ' МА! МА W NA 
Kyanite and related minerals do. 423,000" 340,000" 391,000" 393,000" 408,000 98,500 '* 24.1 
Liltium metric tons МА" МА ' NA‘ МА ' МА МА 
Magnesite, crude" 21,200" 18,400’ 21,300" 26,1007  23,100* W NA 
Mica, including scrap and flake  metrictons 1,200,000" 1,060,000" 1,110,000" 1,100,000" 1,100,000 ° 47,500 ° 43 
Monazite concentrates? do. 7,290 ' 5,330 ' 6,490 ' 6,630 ' 6,620 * -- -- 
_ Nitrogen, N content of ammonia‘ 123,000" 121,000"  127,000' 133,000" 136,000 8,730 19 6.4 
ta 30,600" 28,800"  28,000' 27,900" 25,500 ° 488 7 1.9 
Phosphate rock’ — 166,000 162,000 184,000" 201,000" 215,000° 30,100 14.0 
Pumice? 16,700" 16,4007 16,000"  17,600' 16,500 397 12 2.4 
at 260.000 264,000"  269,000' 272,000' 261,000° 37,200 14.3 
Sand and gravel, industrial, silica 118.000" 123.000 118,000" 132,000' 139,000° 50,700 ” 36.5 
Soda ash, natural and manufactured® 46.7007 _ 44100: 47,7007 51,0007 52,900 11,100 18 21.1 
Sulfur, all forms 68,900 r 67.800 г 68 400 г 69,300 ' 69,100 9,000 13.0 
-Жшйруюйуш" O O ooo 7,800: 7,3207 7,310" 7,500" 7,430 * 515 6.9 
“emiculite metric tons 413,000" _ 409,000' 417,000" 412,000" _ 380,000• 100,000 ~“ _—26.3 


=>. 
Estimated. 'Revised. do. Ditto. МА Not ava 


Data are rounded to 
м released through September 2, 2014. 
Primary. 

о Weight, 

Individual 


Country figures tha i 
insufficient g t are includ 


; lo permit this adjustment, 
World total" for years listed do. 
< is rounded to no more th 
Died mercury is b 
Зи ehe indes chapter 
и | ent of alloys 
| „5. rutile producti 
é dals do not include U.S, p 
S igi) Sold or used byp 
\ cludes Puerto Rico, 

| Cludes synthetic mullite, 


an two si 
yproduct 


on to avoid 


(Thousand metric tons unless otherwise specified) 


ilable. W Withheld to avoid disclosing company proprietary data; not included in “World total.” -- Zero. 
no more than three significant digits. Summary data from the chapters of the 2012 Minerals Yearbook as they were completed 


ed in the world total represent dried bauxite equivalent of crude ore, but for some countr ес амаар сва 


es not include U.S. production. 


gnificant digits. 
only. 


(table 1) as production. 
made directly from ore. 


disclosing company proprietary data. 


roprietary rutile production. 
roducers; reported figure. 


not include, į А ‚ 
“Syntheti anh if any, 0.5, production of low-quality sericite and sheet mica. 


C yd 


STATISTI 
CAL SUMMARY—2012 


ro ja: 
us ammonia; excludes coke oven byproduct ammonia. 
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TABLE 9— Continued 
WORLD AND U.S. PRODUCTION OF SELECTED NONFUEL MINERAL COMMODITIES! 


Horticultural use. 


81.5. production is natural only. 


19Does not include U.S. proprietary pyrophyllite production. 
261] S. data rounded to one significant digit. 


2.34 


U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK—2012 


Google | | 


MINING AND QUARRYING TRENDS 
By Mary E. Ewell 


Domestic survey data were prepared by the author and the statistical assistants who have responsibility for the mineral 


commodities covered in this report. 


The mining and quarrying trends shown in this report 
were calculated from nonfuel mineral data reported to the 
US. Geological Survey (USGS) by mining and quarrying 
companies operating in the United States in 2012. The data for 
2012 were reported on the “Mine, Development, and Mineral 
Exploration Supplement" statistical survey conducted by the 
USGS and on the USGS production surveys for some more 
widely produced nonfuel mineral commodities, such as sand 
and gravel. Additional data for 2012 were derived from annual 
USGS production and consumption surveys of nonfuel mineral 
producers; these surveys accounted for 58 nonfuel mineral 
commodities produced in the United States. Nonfuel minerals 
do not include coal, petroleum coke, and related products. 

The data in the following tables are reported according to the 
primary or principal product of a mine or operation. The primary 
product is the product with the highest total value for the year. A 
product of lesser value is considered to be a byproduct; in some 
instances, the values of two products at the same operation are 
50 similar that the products are coproducts. 

Total domestic mining and waste removal for nonfuel mineral 
materials production amounted to 5.2 billion metric tons (Gt) 

: a а slight increase compared with the revised figure 
(table 1). These materials included about 3.88 Gt of 
i * mined or quarried and 1.33 Gt of mine operation and 
€ rom development operations. Of the nonfuel mineral 


MININ 
CAND QUARRYING TRENDS—2012 


i. — 


Google 


materials (ore and waste) removed, 49% was for the production 
of industrial minerals, and 5196 was for the production of 
metals. Overall, 97% of nonfuel mineral materials was mined 
and quarried using surface methods, and 3% was mined using 
underground methods. 

Total surface mining, quarrying, and waste removal for 
industrial minerals production amounted to 2.40 Gt, 5% higher 
than the revised 2011 total. Crude ore mined at these surface 
operations was 2.17 Gt, and 0.23 Gt was waste removed, 
including ore and waste from development operations. 
Underground mining for industrial minerals was 131 million 
metric tons (МО, nearly all of which was crude ore. 

Total surface mining and waste removal to obtain metal ores 
amounted to 2.66 Gt, virtually unchanged from the revised 2011 
total. Of the 2.66 Gt, 1.56 Gt was crude ore mined, and 1.10 Gt 
was ore and waste from development operations. Underground 
mining of metal ores and waste removal amounted to 19 Mt, 
nearly all of which was crude ore. 

The leading States in which mining for nonfuel mineral 
materials took place were, in descending order of total 
material handled, Nevada, Arizona, Texas, Minnesota, Florida, 
California, Pennsylvania, Michigan, New Mexico, and Missouri 
(table 2). These 10 States accounted for 5776 of the tonnage 
removed in the production of nonfuel mineral materials mined 
in the United States. Nearly all nonfuel mine production in these 
States was from surface operations. 


3.1 


3.2 


ТАВГЕ 1 
MATERIAL HANDLED AT SURFACE AND UNDERGROUND MINES IN THE UNITED STATES, BY ТУРЕ' 


(Million metric tons) 


ет o HE 


Total 


Crude ore 


Underground’ All mines 
Waste’ Total  Crudeore Waste’ Total 


Туре оҒоге апа year — Crudeore — Waste Tota! (тиеше nat 


Surface? 
e of ore and year Crudeore Waste! 
Metals: 
1,460 1,170 
2009 1,330 1,090 
2010 1,400 1,080 
2011 1,570 " 1,080 
2012 1,560 1,100 
Industrial minerals: 
2,520 251 
2009 2,070 210 
1,980 ' 205 
2011 2,080 ' 211 
2,170 227 
АП mineral commodities: 
2008 3,970 1,420 
2009 3,400 1,300 
2010 3,380' 1,290 
2011 3,650" 1,290 
012 3,730 1,330 
"Revised. 


2,480 
2,660 ' 
2,660 


5,390 
4,690 
4,670 ' 
4,940 ' 
5,060 


4 21 1,480 1,170 2,650 
1 15 1,340 1,090 2,430 
1 16 1,410 1,080 2,500 
1 17 1,590 " 1,080 2,670 ' 
3 19 1,580 1,110 2,680 
1 151 2,670 252 2,920 
1 123 ' 2,190 210 2,400 
1 129 2,110 ' 206 2,320 ' 
1 136 ' 2,210 * 211 2,430 ' 
1 131 2,300 228 2,530 
4 172 4,140 1,420 5,570 
2 138 3,530 1,300 4,830 
2 145 3,520 " 1,290 4,810 " 
2 153 ' 3,800" 1,290 5,100 ' 
3 150 3,880 1,330 5,210 


рата are rounded to no more than three significant digits; may not add to totals shown. 


?Includes materials from wells, ponds, and pumping operations. 


?Includes solution mining. 


^Includes ore and waste from development operations. 
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TABLE 3 
UNIT VALUE OF PRINCIPAL MINERAL PRODUCTS AND BYPRODUCTS OF SURFACE AND UNDERGROUND MINES IN THE UNITED STATES IN 2012! 


(Dollars per metric ton) 


оу у у м ш шшш сыш шыдын end SC (1-77 NM a 
Surface Underground АП mines 
Principal Principal Principal 
mineral mineral mineral 
Commodity product — Byproduct Total product — Byproduct Total product Byproduct Total 
Metal ore: 
Copper 8.53 W 8.53 ? -- -- -- 8.53 W 8.53 3 
Gold 53.78 W 53.78? W W W 53.78 W 53.78 34 
Iron 98.16 ? -- 98.16 > -- -- -- 98.16 > -- 98.165 
Average, metals? 42.11 W 42.113 212.07 51.64 263.71 44.64 W 44.64 ? 
Industrial minerals: 
Clays 59.70 W 59.70 ? W W W 59.70 -- 59.70 3-4 
68.05 -- -- 68.05 -- 68.05 


Salt W -- W 37.41 $ 374159. 
Sand and gravel: 

Construction 7.65 -- 7.65 -- — -- 7.65 -- 7.65 

Industrial 52.80 W 52.80 ? W a W 52.80 4 W 52.803“ 
Soda ash -- = = 156.42 - 156.42 156.42 -- 156.42 
Stone: 

Crushed 9.73 us 9.73 9.73 we 9.73 9.73 zd 9.73 

Dimension 189.62 W 189.62? W a W 189.62 * -- . 189.66 >" 
Talc 33.25 s 33.25 " а = 33.25 - 33.25 
Average, industrial minerals"! 11.45 0.07 11.52 31.49 -- 31.49 12.51 0.07 12.58 
Average, industrial minerals, excluding 

sand and gravel and stone’ 18.94 0.21 19.15 62.85 - 62.85 24.03 0.19 2422 
Average, metals and industrial minerals? '' 21.46 1.17 22.63 52.42 5.99 58.41 22.73 136 24.09 
Average, metals and industrial minerals, 

excluding sand and gravel and stone” '! 36.39 2.63 39.02 101.72 1345 115.17 39.13 308 42.21 


W Withheld to avoid disclosing company proprietary data; included in appropriate "Average." -- Zero. 
! Values calculated from unrounded data; may not add to totals shown because of independent rounding. 
"Includes copper-molybdenum. With increased adoption of leaching technology, there may be less distinction between ore and waste. Significant tonnages of 


low-grade material, formerly classified as waste, are now considered to be low-grade leachable ore by some companies, resulting in a large shift in the ore-to- 
waste ratios and a reduction in ore value. 


Value of principal mineral product only. 
‘Value of products at surface operations only. 
5 Average value at mines only. 


SIncludes beryllium, gold-silver, lead, magnesium metal, molybdenum, nickel ore, platinum and palladium, silver, titanium, zinc, zinc-lead, zinc-silver, and metals 
indicated by symbol W. 


"Includes aplite. 

$ Average value based on the sold or used values. 

?Excludes volcanic cinder and scoria; included with *Stone: Crushed." 

^ Value of products at underground operations only. 

Includes values of abrasives, barite, boron minerals, bromine, diatomite, garnet, greensand marl, iodine, iron oxide pigments, kyanite, lithium minerals, 
magnesite, magnesium compounds, mica, olivine, perlite, potash, tripoli, vermiculite, wollastonite, zeolites, and industrial minerals indicated by symbol W. 
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ТАВГЕ 4 
TWENTY-FIVE LEADING METAL AND INDUSTRIAL MINERAL MINES AND QUARRIES IN THE UNITED STATES IN 2012, 
IN ORDER OF OUTPUT OF CRUDE ORE 


_________________________--=-—-= ооо 


Name of mine, quarry 
or operation! State Operator Commodity Mining method 

Metals: 

Nevada operations Nevada Newmont Mining Corp. Gold Open pit and underground. 

Morenci Arizona Freeport-McMoRan Copper & Gold Inc. _ Copper-molybdenum Open pit. 

Cortez’ Nevada Barrick Gold Corp. Gold Do. 

Goldstrike* do. do. do. Open pit and underground. 

Bagdad Arizona Freeport-McMoRan Copper & Gold Inc. | Copper-molybdenum Open pit. 

Bald Mountain Nevada Barrick Gold Corp. Gold Do. 

Safford Arizona Freeport-McMoRan Copper & Gold Inc. | Copper-molybdenum Do. 

Mission Complex do. ASARCO LLC? Copper Do. 

Sierrita do. Freeport-McMoRan Copper & Gold Inc. _ Copper-molybdenum Do. 

Minntac Minnesota United States Steel Corp. Iron ore Do. 

Chino New Mexico Freeport-McMoRan Copper & Gold Inc. | Copper-molybdenum Do. 

Bingham Canyon Utah Kennecott Utah Copper Corp. do. Do. 

Ray Arizona ASARCO LLC? Copper Do. 

Hycroft Nevada Allied Nevada Gold Corp. Gold Do. 

Hibbing Taconite Minnesota Cliffs Natural Resources Inc. Iron ore Do. 

Tyrone New Mexico Freeport-McMoRan Copper & Gold Inc. Copper Do. 

Tilden Michigan Cliffs Natural Resources Inc. Iron ore Do. 

Marigold Nevada Goldcorp Inc. Gold Do. 

Fort Knox Alaska Kinross Gold Corp. do. Do. 

Miami Arizona Freeport-McMoRan Copper & Gold Inc. Copper Do. 

Cresson Colorado AngloGold Ashanti Ltd. Gold Do. 

Smoky Valley Common Nevada Kinross Gold Corp. do. Do. 

Operation 

Rooy Hi _________-(о. бак Gold бор do 
—Keetwatic Taconite — Minnesota United States Steel Corp. — — Wonoe — м 
Mineral Park — —  Arzoa Mercator Minerals Lid.  Copper-molybdenum_ Оо _ 


Industrial minerals: 


Коле Plant Texas CEMEX S.A.B. de C.V. — Stone cmshed Quay,  _____ 
Ще Тв Martin Marietta Aggregates Stone, crushed _ _ Ошу ________ 


ite Rock Florida Vecellio & Grogan, Inc. do. Do. 
Georgetown Do 


Texas Texas Crushed Stone Co., Inc. do. · 
Hunter d 


о. Hunter Industries, Inc. do. 
Perch Hill 74 d 


о. Lehigh Hanson, Inc. do. 
Peerless 


Missouri Mississippi Lime Co. do. Underground. 
Ste. Genevieve d 


о. Tower Rock Stone Co. do. Quarry. 
TXI Operations LP 


"Oe = Texas ___ Texasindwsries In. м 
с 0 Martin Marietta Aggregates ___ о 0 Do 
ock County Wisconsin Frank Brothers, Inc. Sand and gravel, Open pit. 
construction 


Missouri Holcim Group/Aggregate Industries Stone, crushed Quarry. 


кк Са — ^ US.BorxIn. Boron ________Орепр. ______- 
FEC  — ———— Michigan Carmeuse Lime and Stone Stone, crushed Quarry. 

ПОМИ сна —————— Шо: o Vulean Materials Cos do о — 
“быша Oklahoma _Texas Industries, Ine. фро 
"Mug ——————- Tes ______Пољ Сһетіса[Со.  — Sat Solution 
"Gaya S Lehigh Hanson, nc ‘Stone, crushed би _____- 


Wh . | i 

ni data аге not reported for individual mining operations, ranking is on the basis of production as reported for a group of operations. 

and Spa: ореп pit operations (Emigrant, Genesis, Gold Quarry, Lantern, Lone Tree, Pay Raise, Phoenix, Twin Creeks, and Widge Mines) 
3 underground operations (Carlin East, Chukar, Exodus, Leeville, Midas, Pete Bajo, and Vista Mines). 


Includes Cortez Hills and Cortez Pipeline Mines. 


Ste. Genevieve 


М AND QUARRYING TRENDS. 2012 


№ 
Google 


TABLE 4—Continued 
TWENTY-FIVE LEADING METAL AND INDUSTRIAL MINERAL MINES AND QUARRIES IN THE UNITED STATES IN 2012, 
IN ORDER OF OUTPUT OF CRUDE ORE 


Includes Betze-Post, Meikle, and Storm Mines. 
*Wholly owned subsidiary of Grupo México, S.A.B. de C.V. 


$Wholly owned subsidiary of Rio Tinto plc. 


"Includes private-sector operations only; excludes U.S. Bureau of Land Management and U.S. Forest Service operations. 
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TABLE 5 
TWENTY-FIVE LEADING METAL AND INDUSTRIAL MINERAL MINES AND QUARRIES IN THE UNITED STATES IN 2012, 
IN ORDER OF OUTPUT OF TOTAL MATERIAL HANDLED 


Name of mine, диату 
ог operation. State Operator Commodity Mining method 
Metals: 
Nevada operations” Nevada Newmont Mining Corp. Gold Open pit and underground. 
| Morenci Arizona Freeport-McMoRan Copper & Gold Inc. | Copper-molybdenum Open pit. 
Cortez! Nevada Barrick Gold Corp. Gold Do. 
Goldstrike" do. do. do. Open pit and underground. 
Bingham Canyon Utah Kennecott Utah Copper Corp. Copper-molybdenum Open pit. 
Bald Mountain Nevada Barrick Gold Corp. Gold Do. 
| Minntac Minnesota United States Steel Corp. Iron ore Do. 
Mission Complex Arizona ASARCO LLC® Copper-molybdenum Do. 
Robinson Nevada KGHM International Ltd.’ do. Do. 
Tilden Michigan Cliffs Natural Resources Inc. Iron ore Do. 
Bagdad Arizona Freeport-McMoRan Copper & Gold Inc. _ Copper-molybdenum Do. 
| Marigold Nevada Goldcorp Inc. Gold Do. 
Safford Arizona Freeport-McMoRan Copper & Gold Inc. Copper Do. 
Hycroft Nevada Allied Nevada Gold Corp. Gold Do. 
Ray Arizona ASARCO LLC® Copper Do. 
Cresson Colorado AngloGold Ashanti Ltd. Gold Do. 
Hibbing Taconite Minnesota Cliffs Natural Resources Inc. Iron ore Do. 
Sierrita Arizona Freeport-McMoRan Copper & Gold Inc. | Copper-molybdenum Do. 
Fort Knox Alaska Kinross Gold Corp. Gold Do. 
Smoky Valley Common Nevada do. do. Do. 
Operation 
Que... NewMexico Freeport-McMoRan Copper & Gold Inc. — Coppermolybdenm — Do. — _ _ 
—Keetwatic Taconite — — — Minnesota —  — United States Steel Corp. Iron ore Do. 
Thompson Creck Mine Idaho Thompson Creek Metals Co., Inc. Molybdenum Do. 
United Taconite Minnesota Cliffs Natural Resources Inc. Iron ore Do. 
Industrial minerals? 
Toria (five) Florida The Mosaic Co. Phosphate rock Dow ________ 
п а USBoexin. — à Boon Do 
"е . Teas — CEMEXSAB.deCV. Stone, crushed __ Ошу _ _ _ 
| Perch НИ Hunter Industries, n. doo ooo o ooo ә 
е Geni LehighHansonine ——  — do _ Do: 
| "Oe Missouri Mississippi Lime Co. dow м __ 
“Ste Genevieyg RS Martin Marietta Aggregates do. 0 Quamy 
Missouri Holcim Group/Aggregate Industries do. Do. 
Rock Coin Osea | | Management, Inc. 
perations Wisconsin Frank Brothers, Inc. Sand and gravel, Open pit. 
o RES EAE 
"Hp e Michigan __ CarmeuselimeandStone Stone, crushed __ Ошу —— 
Columbia 


ТХМ; Ohio Oldcastle Materials, Inc. do. Do. 
ar Creek Oklahoma Texas Industries, Inc. do. Do. 
Carey Plant Texas Lehigh Hanson, Inc. do. Do. 
Freeport Ohio National Lime and Stone Co. do. Do. 
Do, do. Ditto, Texas Dow Chemical Co. Salt Solution. 


Where data 
are i ivi ER. M . " • б ? 
Includes тшер x: reported for individual mining operations, ranking is on the basis of production as reported for a group of operations. 


and seven und nd operatio ns (Emigrant, Genesis, Gold Quarry, Lantern, Lone Tree, Pay Raise, Phoenix, Twin Creeks, and Widge Mines) 
Includes С ви operations (Carlin East, Chukar, Exodus, Leeville, Midas, Pete Bajo, and Vista Mines). 
ortez Hills and Cortez Pipeline Mines. 
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TABLE 5—Continued 
TWENTY-FIVE LEADING METAL AND INDUSTRIAL MINERAL MINES AND QUARRIES IN THE UNITED STATES IN 2012, 
IN ORDER OF OUTPUT OF TOTAL MATERIAL HANDLED 


^mcludes Betze-Post, Meikle, and Storm Mines. 

>Wholly owned subsidiary of Rio Tinto ple. 

Swholly owned subsidiary of Grupo México, S.A.B. de СУ. 

"Formerly Quadra FNX Mining Ltd. 

8Includes private-sector operations only; excludes U.S. Bureau of Land Management and U.S. Forest Service operations. 
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ТАВГЕ 6 
MARKETABLE PRODUCT AND ORE TREATED ОК SOLD AT SURFACE AND UNDERGROUND MINES 
IN THE UNITED STATES IN 2012, BY SELECTED COMMODITY AND STATE! 


(Thousand metric tons, unless otherwise specified) 


Marketable product Ore treated or sold 
Commodity or State Surface Underground Total Surface Underground Total 
Commodity: 
Metal ore: 
Copper 1,170 i 1,170 678,000 — 678,000 
Gold (3) 3) 235,0004 230,000 5.480 235,000 
Iron, usable 54,000 Fi 54,000 178,000 - 178,000 
Industrial minerals: 
Clays 25,800 (5) 25,800 25,800 (6) 25,800 
Feldspar’ 526 m 526 526 = 526 
Gypsum 15,800 1,920 17,700 15,800 1,920 17,700 
Phosphate rock 30,100 и 30,100 150,000 -- 150,000 
Pumice® 397 an 397 397 == 397 
Salt (9) 34,900 34,900 (10) 34,900 34,900 
Sand and gravel: 
Construction 812,000 - $812,000 812,000 -- 812,000 
Industrial 50,700 (5) 50,700 50,700 (6) 50,700 
Soda ash E 11,100 11,100 = 11,100 11,100 
Stone: 
Crushed 1,100,000 71,100 1,170,000 1,100,000 71,100 1,170,000 
Dimension 2,150 (5) 2,150 2,150 (6) 2,150 
Talc 575 = 575 575 -- 575 
State: 
Alabama 43,200 (5) 43,200 43,200 (6) 43,200 
Alaska 11,000 (5) 11,000 54,100 (6) 54,100 
Arizona 44,100 E: 44,100 578,000 -- _ 578,000 
Arkansas 35,800 (5) 35,800 35,800 (6) 35,800 
California 115,000 (5) 115,000 132,000 (6) 132,000 
Colorado 36,000 (5) 36,000 55,000 (6) 55,000 
Connecticut 13,100 == 13,100 13,100 -- 13,100 
Delaware 2,340 с 2,340 2,340 -- 2,340 
Florida 194,000 = 194,000 194,000 -- 194,000 
Georgia 48,000 2,560 50,600 48,000 2,560 50,600 
Hawaii 5,680 E 5.680 5,680 -- 5,680 
Idaho 19,000 (5) 19,000 29,700 (6) 29,700 
Illinois 65,900 7,920 73,800 65,900 7,920 73,800 
Indiana 61,400 (5) 61,400 61,400 (6) 61,400 
lowa 42,900 4,410 47,300 42,900 4,410 47,300 
Kansas 26,600 2,640 29,200 26,600 2,640 29,200 
Kentucky 36,400 15,500 51,900 36,400 15,500 51,900 
Louisiana 24,300 11,100 35,400 25,100 11,400 36,500 
Massachusetts 19,000 m 19,000 19,000 = 19,000 
Minnesota 98,300 — 98300 198,000 -- _ 198,000 
Mississippi 14,200 m 14,200 14,200 -- 14,200 
New Jersey 26,600 = 26,600 26,600 -- 26,600 
North Dakota 31,100 = 31,100 31,100 -- 31,100 


See footnotes at end of table. 
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TABLE 6—Continued 
MARKETABLE PRODUCT AND ORE TREATED OR SOLD AT SURFACE AND UNDERGROUND MINES 
IN THE UNITED STATES IN 2012, BY SELECTED COMMODITY AND STATE! 


(Thousand metric tons, unless otherwise specified) 


Marketable product Ore treated or sold 
Commodity or State Surface Underground Total Surface | Underground Total 
State:— Continued 
Ohio 74,600 7,150 81,800 74,600 7,150 81,800 
Oklahoma 55,600 (5) 35,600 55,600 (6) 55,600 
Огероп 25,200 -- 25,200 25,200 -- 25,200 
Pennsylvania 80,500 12,100 92,600 80,500 12,100 92,600 
Rhode Island 4,110 -- 4,110 4,110 -- 4,110 
South Carolina 25,800 -- 25,800 26,000 -- 26,000 
South Dakota 19,500 — 19,500 22,300 -- 22,300 
Теппеззее 42,800 2,960 45,800 42,800 5,930 48,700 
Texas 218,000 7,860 226,000 219,000 8,040 227,000 
Utah 34,900 (5) 34,900 79,300 (6) 79,300 
Vermont 11,100 -- 11,100 11,100 -- 11,100 
Virginia 52,100 626 52,700 55,200 626 55,800 
Washington 42,300 (5) 42,300 42,300 (6) 42,300 
West Virginia 11,700 5,070 16,800 11,700 5,070 16,800 
Wisconsin 63,800 (5) 63,800 63,800 (6) 63,800 
Wyoming 27,500 10,300 37,800 27,500 10,300 37,800 
-- Zero. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes copper-molybdenum. 


?Withheld to avoid disclosing company proprietary data; included in “Marketable product, total.” 
*Kilograms. 
Withheld to avoid disclosing company proprietary data; included in “Marketable product, surface.” 


Withheld to avoid disclosing company proprietary data; included in “Ore treated or sold, surface.” 
"Includes aplite. 


5ÓExcludes volcanic cinder and scoria; included with “Stone: Crushed.” 


?Withheld to avoid disclosing company proprietary data; included in “МагкеаЫе product, underground." 
°Withheld to avoid disclosing company proprietary data; included in “Ore treated ог sold, underground." 
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TABLE 7 
MINING METHODS USED AT SURFACE OPERATIONS IN THE UNITED STATES 
IN 2012, BY COMMODITY 
(Percentage of total material handled) 


Preceded by drilling Not preceded by drilling 


Commodity and blasting and blasting! 
Metal ore: 
Beryllium 100 -- 
Copper? 98 2 
Gold? 83 17 
Iron 96 4 
Magnesium metal -- 100 
Molybdenum 98 2 
Silver 100 -- 
Titanium -- 100 
Zinc 100 = 


m^ —— о Е о А 
Industrial minerals: 


Abrasives 100 -— 
Barite 23 77 
Boron minerals 100 -- 
Вгопипе -- 100 
Clays -- 100 
Diatomite 7 93 
Feldspar* 100 == 
Garnet 38 62 
Greensand marl -- 100 
Gypsum 100 -- 
Iodine -- 100 
Iron oxide pigments -- 100 
Kyanite 100 -- 
Lithium minerals -- 100 
Марпезце 100 -- 
Magnesium compounds -- 100 
Mica, scrap 74 26 
Olivine -- 100 
Perlite 27 73 
Phosphate rock -- 100 
Potash -- 100 
Ритісе? 19 81 
Salt -- 100 
Sand and gravel: 

Construction -- 100 

Industrial -- 100 

A --——Á 

Crushed 100 = 

Dimension -- 100 
Talc 100 = 
Tripoli 82 18 
Vermiculite 8 92 
Wollastonite 82 18 
Zeolites 100 = 

— Zero. 


Includes drilling and cutting without blasting, dredging, mechanical excavation and 
оен! washing, and other surface mining methods. 

includes copper-molybdenum. 

includes gold-silver. 

Includes aplite. 

*Excludes volcanic cinder and scoria; included with “Stone: Crushed.” 
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TABLE 8 


EXPLORATION ACTIVITY IN THE UNITED STATES IN 2012, BY METHOD, COMMODITY, AND STATE! 


Commodity or State 
Commodity: 
Copper” 
Gold 
Lead 
Silver 
Zinc 
Other’ 
Total 
Percentage of grand total- 
State: 
Alaska 
Missouri 
Montana 
Nevada 
Washington 
Undistributed' 
Total 


W Withheld to avoid disclosing company proprietary data; included with “Other” or “Undistributed.” -- Zero. 


(Meters) 
Rotary and Percussion 
Churn and reverse drilling, other 
diamond circulation drilling, and 
drilling drilling trenching Grand total 
56,300 W -- 56,300 
418,000 994,000 W 1,410,000 
49,300 6,220 -- 55,500 
64,800 -- — 64,800 
1,280 -- W 1,280 
186,000 80,900 28,400 295,000 
775,000 1,080,000 28,400 1,880,000 
41 57 2 100 
7,290 378,000 W 385,000 
11,500 6,220 -- 17,700 
160,000 -- -- 160,000 
355,000 655,000 W 1,010,000 
50,900 — -- 50,900 
190,000 41,200 28,400 260,000 
775,000 1,080,000 28,400 1,880,000 


!Data аге rounded to no more than three significant digits; may not add to totals shown. 


"Includes copper-molybdenum. 


Includes diatomite, magnesium compounds, nickel, platinum and palladium, vermiculite, and commodities indicated by 


symbol W. 


‘Includes Arizona, California, Idaho, Michigan, New York, North Carolina, South Carolina, Texas, Utah, and States 


indicated by symbol W. 
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ABRASIVES, MANUFACTURED 
By Donald W. Olson 


Domestic survey data and tables were prepared by Shonta E. Osborne, statistical assistant. 


n 2012, estimated Canadian and United States combined 
production of regular-grade fused aluminum oxide was 10,000 
metric tons (t), with a value estimated to be $1.7 million. The 
US. apparent consumption of fused aluminum oxide was 
estimated to be 142,000 t. U.S. silicon carbide production was 
estimated to be 35,000 t, with an estimated value of $25.9 
million. The U.S. apparent consumption of crude silicon carbide 
was estimated to be 90,900 t. U.S. production of metallic 
abrasives was 193,000 t valued at $100 million. U.S. shipments 
of metallic abrasives were 211,000 t, with a value of $129 
million. The U.S, apparent consumption of all forms of metallic 
abrasives was estimated to be 203,000 t. 

This report includes information on the following abrasives 
manufactured in the United States: aluminum-zirconium oxide, 
boron carbide, fused aluminum oxide, metallic shot and grit, 
and silicon carbide. In some cases, United States production 
data were combined with Canadian output to avoid disclosing 
company proprietary data and still provide useful data on the 
overall Canadian-United States market. Trade data in this report 
are from the U.S. Census Bureau. АП percentages in the report 
were computed using the unrounded data. 

Abrasives play an important role in the fashioning and 
finishing of many products with a wide range of uses. Abrasives 
are natural or manufactured substances that are used to abrade, 
dean, etch, grind, polish, scour, or otherwise remove solid 
material by rubbing action (as in a grinding wheel) or impact (as 
In pressure blasting). The most important physical properties for 
abrasives are character of fracture (cleavage), friability, grain 
shape and size, hardness (scratch hardness), purity (uniformity), 
and toughness (rigidity). Additional considerations include 
у, bonding characteristics, cost, and thermal stability. 
е аге тайе from metals ог minerals 
TAE = у е them to enhance or give 
бшщ properties. No single property is paramount for 
oe ts generally dominate high-grade 
о : as iaa to natural abrasives because they 
bo , n. properties, more uniform quality, and can 
Кени а users' needs. Consequently, manufactured 

Шу are characterized by premium prices relative 
‘natural abrasive minerals, Е th 
бес are in ‚ Even ough manufactured 
be fae па y more expensive, their durability and 
Mfered in m | i to be more cost effective. They are 
Mili cuir. y ee applications, such as metal 
ates of кыз иаа Іп the United States, large 
wallboard and de =. are used in cutting and finishing 

E ae е abrasives market is mature, and the 

actured abrasive materials is fairly well 


Use of vari 
ined by application (Kendall, 2001, p. 55). 
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Fused Aluminum Oxide 


Production.—Production data for regular and high-purity 
fused aluminum oxide in this report were obtained by the U.S. 
Geological Survey (USGS) from producers in Canada and the 
United States. The data were collected from two companies 
that operated three plants and represented the entire Canadian 
and United States fused aluminum oxide industry (table 1). 
Saint-Gobain Abrasives operated a fused aluminum oxide plant 
in the United States, and Washington Mills Electro Minerals 
Corp. operated fused aluminum oxide plants in Canada and 
the United States. Quantity data from the two countries were 
combined to avoid disclosing company proprietary data and 
are reported by the producers, estimated, and rounded to the 
nearest 5,000 t. 

Production of regular-grade fused aluminum oxide in 2012 
was an amount rounded to 10,000 t, with a value rounded to 
$1.7 million. The weight and value were essentially unchanged 
compared with 2011 regular-grade fused aluminum oxide 
production (table 2). Reporting on the output of high-purity 
fused aluminum oxide has been discontinued to avoid disclosing 
company proprietary data. 

Consumption.—Abrasive-grade fused aluminum oxide has 
many end uses. Specific applications in 2012 included antislip 
additives, bonded abrasives (such as abrasive grains that are 
made to adhere to each other and then are pressed or molded 
into abrasive tools), buffing/polishing compounds, coated 
abrasives (such as abrasive grains glued to a backing of paper 
or cloth), dry or wet blasting media, and tumbling media. Fused 
aluminum oxide in a micropowder form was used for industrial 
and electronic applications that require fine surface finishing. 
Fused aluminum oxide does not face any significant substitution 
threats at present, as it is generally a very cost-effective 
abrasive. The total 2012 U.S. apparent consumption of all forms 
of fused aluminum oxide was estimated to be 142,000 t, with a 
value of $79.5 million, based on the average customs unit value 
for imports. 

Prices.—The USGS canvassed fused aluminum oxide 
producers to determine the total value of their production for 
the year. The survey indicated that the average unit value of 
regular fused aluminum oxide produced in Canada during 2012 
was $165 per metric ton at the point of production; the average 
unit value of high-purity fused aluminum oxide output was 
$671 per ton at the point of production. Prices of abrasive grain 
produced from these materials and sold to consumers were 
significantly higher. 

Average unit values of fused aluminum oxide traded by 
the United States in 2012 as reported in this publication are 
based on U.S. Census Bureau data. The average value for U.S. 


4.1 


exports of crude fused aluminum oxide during the year was 
about $3,360 per ton. The average customs value of crude fused 
aluminum oxide imports during the year was $560 per ton, 

but values ranged from $65 per ton (France) to $1,720 per ton 
(United Kingdom), and those of fused aluminum oxide grain 
imports averaged $1,080 per ton and ranged from $621 per 

ton (Brazil) to $3.17 million per ton (Czech Republic). The 
extremely high values represent small quantities of highly 
specialized materials. 

Foreign Trade.—Compared with those of the previous year, 
crude fused aluminum oxide exports in 2012 decreased by 4% 
to 19,100 t, and the value of those exports decreased by 14% to 
$64.2 million (table 5). Of the exports shipped to 38 countries, 
8996 went to Canada, Mexico, Germany, Japan, the Republic 
of Korea, and the United Kingdom, in decreasing order 
by quantity. 

During 2012, imports of crude fused aluminum oxide were 
received from 10 countries and decreased by 9% to 161,000 t 
valued at $90.1 million compared with those of 2011; imports of 
ground and refined fused aluminum oxide were received from 
29 countries and increased by 51% to 70,000 t valued at $75.9 
million (table 6). Some of the imported crude fused aluminum 
oxide was refractory-grade material. China accounted for 74% 
of the crude imports received, followed by Venezuela and 
Canada, in decreasing quantity order. Compared with those of 
2011, crude imports from Canada increased to 12,000 t from 
7,210 t, while imports from China decreased by 15% to 
119,000 t from 141,000 t, and those from Venezuela decreased 
by 29% to 20,200 t from 28,200 t. Germany accounted for 15% 
of the ground and refined imports received, followed by Canada, 
Austria, Brazil, China, Hungary, Italy, and France, in decreasing 
quantity order. 

These increases in the quantities and values of aluminum 
oxide exports and imports are a result of the continued 
improvement of global economic conditions during 2012 and 
their impact on industries that use aluminum oxide. 


Silicon Carbide 


Production.—One company produced abrasive-grade silicon 
carbide in the United States during 2012 (table 1). This company 
also produced similar amounts of metallurgical-grade silicon 
carbide. A second company, in Hopkinsville, KY, produced a 
small quantity of silicon carbide, primarily intended for use in 
heat-resistant products rather than abrasives. U.S. silicon carbide 
production decreased slightly during 2012 to an estimated 
35,000 t, and the value of production decreased slightly to 
$25.9 million (table 2). 

Consumption.—Abrasive-grade silicon carbide has many end 
uses. Specific applications in 2012 included antislip abrasives, 
blasting abrasives, bonded abrasives, coated abrasives, 
polishing/buffing compounds, tumbling media, and wiresawing 
abrasives. The total quantity of abrasive-grade silicon carbide 
consumed in the United States in 2012 was about 115,000 t with 
a value of $145 million, based on the average customs unit value 
for imports. 

Prices.—Based on information from industry sources and 
publications, the average unit value of abrasive-grade silicon 
carbide at the point of manufacture was $739 per ton in 2012, 
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which was unchanged compared with that of 2011. The average 
unit value for U.S. crude silicon carbide exports in 2012 was 
$1,390 per ton, a 5% decrease compared with that of 2011. The 
average unit value for U.S. ground silicon carbide exports was 
$3,770 per ton, an 8% decrease compared with that of 2011. 

Crude silicon carbide imports from China had an average 
unit value of $930 per ton, a 26% decrease compared with 
that of 2011. The average unit value of crude silicon carbide 
imports from other countries was $805 per ton, a 37% decrease 
compared with that of 2011. Silicon carbide grain imports from 
China had an average customs unit value of $1,480 per ton, a 
4% increase compared with that of 2011. The average customs 
unit value of silicon carbide grain imports from other countries 
was $2,700 per ton, an 896 increase compared with that of 
2011 (table 6). 

Foreign Trade.—In 2012, the United States exported 
crude silicon carbide to 25 countries and refined and ground 
silicon carbide to 43 countries. The total crude silicon carbide 
exports for 2012 decreased by 29% compared with those of the 
previous year to 14,800 t valued at $20.6 million (table 5). Of 
the exported crude silicon carbide material, 86% was shipped 
to Norway. Compared with those of 2011, exports of refined or 
ground silicon carbide decreased by 25% to 5,240 t valued at 
$19.8 million. Of the exported refined and ground material, 3696 
was shipped to Canada. 

In 2012, the United States imported crude silicon carbide from 
12 countries and imported ground and refined silicon carbide 
from 19 countries. Imports of crude silicon carbide decreased by 
8% during the year to 70,700 t valued at $62.0 million (table 6). 
Imports of silicon carbide in ground or refined form decreased 
by 44% to 29,500 t valued at $63.9 million. China accounted for 
5896 of the crude silicon carbide imports and 43% of the ground 
and refined silicon carbide imports. Some of the imports from 
China reportedly included metallurgical-grade material. In 2010, 
China doubled its silicon carbide production and continued to 
increase production in 2011 and 2012. In 2012, China again was 
the world's leading producer of silicon carbide. With all grades 
and end uses of silicon carbide added together, China held more 
than a two-thirds share of the global market. 


Aluminum-Zirconium Oxide 


During 2012, fused aluminum-zirconium oxide for abrasive 
applications, such as resin-bonded grinding wheels, was 
produced at one plant in the United States belonging to 
Saint-Gobain Abrasives, and one plant in Canada belonging to 
Saint-Gobain Ceramic Materials Canada Inc. Production data 
from these plants were withheld to avoid disclosing company 
proprietary information. 


Boron Carbide 


Washington Mills Electro Minerals was the only commercial 
producer of boron carbide in the United States during 2012. 
Boron carbide was used as an abrasive for lapping and | 
ultrasonic cutting operations previously possible only with 
diamond dust; it was also molded to form highly wear-resistant 
products, such as armor, powdered metal and ceramic forming 
dies, pressure blasting nozzles, thread guides, and wire-drawing 
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dies. Boron carbide also was used in nuclear applications, 
such as neutron-absorbing shielding and reactor control rods 
(Washington Mills Electro Minerals Corp., 2012). Domestic 
production data for boron carbide are withheld to avoid 


disclosing company proprietary data. 
Metallic Abrasives 


Production.—Data on U.S. production and shipments of 
metallic abrasives were based on a survey of domestic producers 
conducted by the USGS. Survey data were collected from 
|| companies operating 12 plants in the United States and 
accounted for all domestic production (table 3). 

Steel shot and grit accounted for almost all of the metallic 
abrasives produced domestically (table 4). U.S. production 
of steel shot and grit in 2012 decreased by 5% to 190,000 t 
compared with that of 2011. Six companies reported production 
of cut wire shot in 2012, and most of that was cut from carbon 
steel wire and stainless steel wire. Total production of all cut 
wire steel shot and grit by U.S. producers increased 12% to 
2,180 t, compared with shipments in 2011. Other products 
reported included shot cut from aluminum, copper, and zinc 
vire. One company reported production of steel nuggets, a 
wrought carbon steel blast medium with properties similar to 
those of steel shot. 

Consumption.—Metallic abrasives are used primarily as loose 
particles propelled at high velocities for blast cleaning or to 
Improve the properties of metal surfaces; 75% of the abrasives 
employed in cleaning operations. Principal consumers 
include foundries, machine tool industries, metalworking plants 
(particularly those supporting the automotive and aircraft 
industries), and steel manufacturers. 

During 2012, total sales of all steel shot and grit by U.S. 
producers increased slightly to 208,000 t, compared with 
реді їп 2011. Total sales of all cut wire steel shot and grit 
WU. producers increased 18% to 2,290 t, compared with 
Sipments in 2011. The apparent consumption of all forms of 
metallic abrasives decreased 17% to 176,000 t, compared with 
that of 201], 

5 н а compiles survey data on the value of 
Kou pments, but It does not collect price data. The 
Nin dis and shipments reported by metallic abrasive 
С аге listed in table 4. Average unit values of 
ени. x ranged from $0.13 to $0.96 per kilogram. 

‘peril ae cut wire shot ranged from $1.90 to 
ht Te ave I or carbon steel, stainless steel, and zinc wire 
ти 3012 was па for total U.S. production of steel shot 
efor otal ee : per kilogram, and the average unit 
аре in of all steel shot and grit by U.S. producers 
Mim of cu ie е average unit value for total U.S. 
tle average un E | ot in 2012 was $3.27 per kilogram, 

пае s " Men for total sales of cut wire shot by 
nelle abrasive А o kilogram. Average unit values 
*&5137 per kil 5 tra - by the United States during 2012 
їр. Bram tor exports and $0.99 per kilogram 

Fore} | 
а e During 2012, the United States exported 

vs fom | : о 43 countries and imported metallic 
countries, U.S. exports of metallic abrasives 
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decreased slightly during the year to 39,000 t valued at 

$53.4 million (table 5). Mexico, Canada, the United Kingdom, 
China, and Japan received 90% of the U.S. exports of metallic 
abrasives in 2012. U.S. imports decreased by 56% during 
2012 to 22,000 t valued at $21.7 million (table 6). About 92% 
of the imports came from Canada, Republic of Korea, China, 
Germany, and Japan. 


Outlook 


Abrasives markets are greatly influenced by activity in the 
manufacturing sector in the United States and by economic 
trends. This was particularly true of manufacturing activities 
in the aerospace, automotive, furniture, housing, and steel 
industries. Even though abrasives markets are linked to these 
end-use manufacturing sectors, growth in these sectors may not 
necessarily lead to an increase in abrasives consumption. 

The U.S. abrasive markets also are influenced by 
technological trends. Improved technology in these 
manufacturing sectors has resulted in surface quality that 
requires fewer grinding and finishing operations that use 
abrasives (O’ Driscoll, 2003). Less expensive imports coupled 
with higher domestic production costs and low domestic 
production capacity continue to challenge U.S. producers of 
fused aluminum oxide and silicon carbide to maintain market 
share. Competition from developing nations, especially China, 
probably will lead to further decreases in domestic output. 
China has become a dominant force in fused aluminum oxide 
and silicon carbide production in recent years. This has changed 
the makeup of the manufactured abrasives market. Lower-priced 
Chinese exports have displaced and are expected to continue 
to displace manufactured abrasives produced in Europe and 
North America. The traditional suppliers among the Western 
industrialized nations are expected to continue consolidating 
and contracting. 

Emerging suppliers of fused aluminum oxide and silicon 
carbide in China, Eastern Europe, India, the Republic of 
Korea, and South America are likely to continue to increase 
their prominence in world markets. China has become the 
world’s leading producer of silicon carbide and is expected to 
continue expanding silicon carbide output to meet increases in 
global market demand (O’Driscoll and Watts, 2011). Further 
increases by these suppliers, particularly in such major markets 
as Japan, the United States, and Western Europe, will depend 
on their ability to provide higher-grade materials and better 
supply reliability while maintaining lower prices. Energy costs, 
furnace size, quality-control systems, and the availability of 
essential mineral inputs are expected to be the dominant factors 
influencing the competitive stance of these suppliers. 

The aerospace and automotive manufacturing sectors are 
likely to continue to have significant indirect influences on 
demand for manufactured abrasives used by metalworking 
operations supporting those sectors. The housing construction 
sector in North America 15 expected to continue to have an 
indirect influence on demand for manufactured abrasives 
because of the large volumes of manufactured abrasives used in 
cutting and finishing wallboard and timber. 
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TABLE 1 
CRUDE ARTIFICIAL ABRASIVES MANUFACTURERS IN 2012 


Company Plant location 
Saint-Gobain Ceramic Materials Canada Inc. Chippewa, Ontario, Canada 
Saint-Gobain Abrasives Huntsville, AL 


Washington Mills Electro Minerals Corp. Niagara Falls, NY Fused aluminum oxide (high-purity) and boron carbide. 


Do. Niagara Falls, Ontario, Canada Fused aluminum oxide (regular). 
Washington Mills Hennepin, Inc. Hennepin, IL Silicon carbide. 
Do. Ditto. 


Product 
Aluminum-zirconium oxide. 


Fused aluminum oxide (high-purity) and aluminum-zirconium oxide. 


TABLE 2 
ESTIMATED PRODUCTION OF CRUDE SILICON CARBIDE AND FUSED ALUMINUM 
OXIDE IN THE UNITED STATES AND САМАРА! 


2011 2012 Ми 
Quantity" ? Value? Quantity is Value? 

Product (metric tons) (thousands) (metric tons) (thousands) 

Aluminum oxide, regular, abrasives" 10,000 $1,700 10,000 $1,700 

Silicon carbide” 35,000 25,900 35,000 25,900 

‘Data are rounded to no more than three significant digits. 
Owing to rounding, data do not match total quarterly Mineral Industry Surveys estimated data. 

Quantities are rounded to the nearest 5,000 metric tons to avoid disclosing company proprietary data. 


^Regular grade accounts for about 62% of total output, and high-purity material accounts for the 
remainder. 


? Approximately one-half of the quantity and value consists of material for metallurgical and other 
nonabrasive applications. 
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ТАВГЕ 3 
U.S. PRODUCERS OF METALLIC ABRASIVES IN 2012 


MEE A ш ви сыыс ишн 
Product 
Company Plant location (shot and (or) grit) 
Abrasive Materials, LLC Hillsdale, MI Cut wire. 
Chesapeake Specialty Products, Inc. Baltimore, MD Steel. 
Ervin Industries, Inc. Adrian, MI Do. 
Do. Butler, PA Do. 
Frohn North America, Inc. Austell, GA Cut wire. 
MLP Steel, LLC (formerly Marwas Steel Co.) Scottdale, PA Do. 
Metaltec Steel Abrasive Co. Canton, MI Steel. 
Peerless Metal Powders & Abrasive Co., Inc. Detroit, MI Steel and steel nuggets. 
Pellets, LLC Tonawanda, NY Cut wire. 


Platt Brothers & Co., Inc., The Waterbury, CT Do. 
Premier Shot Co. Cleveland, OH Do. 


Wheelabrator Abrasives Inc. Bedford, VA Steel. 


Do. Ditto. 


TABLE 4 
PRODUCTION AND SHIPMENTS OF METALLIC ABRASIVES IN THE 
UNITED STATES, BY PRODUCT' 


Production Shipments” 
Quantity Value Quantity Value 
Product (metric tons) (thousands) (metric tons) — (thousands) 
2011: 
Steel shot and grit 200,000 $103,000 204,000 $113,000 
Cut wire shot and other* 1,950 7,100 1,940 8,180 
Total E 202,000 110,000 206,000 122,000 
2012: 
Steel shot and grit 190,000 92,900 208,000 120,000 
Cut wire shot and other* 2,180 7,110 2,290 8,770 
Total 193,000 100,000 211,000 129,000 
"Estimated. 
! 
Data are rounded to no more than three significant digits; may not add to totals shown. 
Includes reported exports. 


ТАВТЕ 5 
U.S. EXPORTS OF ALUMINUM OXIDE, SILICON CARBIDE, AND METALLIC 
ABRASIVES, BY COUNTRY AND TYPE! 


2011 2012 
Quantity Value? Quantity Value? 
Country (metric tons) (thousands) (metric tons) (thousands) 
Aluminum oxide, crude: 
Brazil 340 $1,610 328 $1,660 
Canada 8,830 11,100 9,380 13,500 
China 361 3,710 281 2,710 
Germany 3,280 17,900 2,130 13,900 
India 347 1,770 248 1,780 
Japan 1,040 13,300 863 7,250 
Korea, Republic of 933 6,860 761 6,010 
Mexico 2,610 4,760 3,240 6,750 
United Kingdom 1,080 2,570 741 1,700 
Other 1,090 11,100 1,160 8,880 
Total 19,900 74,700 19,100 64,200 
Silicon carbide: 
Crude: 
Germany 2,150 2,240 838 804 
Japan 20 601 44 1,170 
Mexico 455 1,180 480 935 
Norway Nun 16,500 22,300 12,800 15,900 
Other 1,690 4,020 638 1,740 
Total 20,800 30,400 14,800 20,600 
Ground and refined: 
Canada 1,820 3,340 1,890 3,420 
China 374 3,200 356 1,280 
Germany К 2,260 11,600 877 6,120 
Јарап NEXT 494 3,010 367 1,120 
Mexico 7 519 1,190 775 1,890 
Thailand 560 654 465 471 
Other 958 5,620 515 5,480 
Total 6,980 28,600 5.250 19,800. 
Metallic abrasives: 
Canada 7,990 8,310 7,310 8,320 
China 9,440 19,000 5,530 12,100 
Germany 181 796 439 2,450 
Indonesia 234 155 41 30 
Јарап 658 734 1,850 2,000 
Mexico 16,500 19,900 14,700 18,300 
Taiwan 500 596 375 414 
United Kingdom | 1,550 1,550 5,920 4,890 
Ошег | 2,440 4,050 2,880 4,940 
Total 39,500 55,000 39,000 53,400 


! Data are rounded to no more than three significant digits; may not add to totals shown. 
"Customs value. 


Source: U.S. Census Bureau. 
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ТАВТЕ 6 
U.S. IMPORTS OF ALUMINUM OXIDE, SILICON CARBIDE, AND METALLIC 
ABRASIVES, BY COUNTRY AND TYPE! 


ү o т, DEM I LEER UT E MEE 


2011 2012 
Quantity Value? Quantity Value? 
Country (metric tons) (thousands) (metric tons) — (thousands) 
Aluminum oxide: 
Crude: 
Canada 7,210 $5,390 12,000 $7,710 
China == 141,000 87,500 119,000 65,500 
Venezuela 28,200 17,500 20,200 14,500 
__Отег | 964 505 993 2,520 
Total ___177.000 ^ 111000 ^ 161000 90,200 
Ground and refined: 
Austria 8,720 15,500 7,720 14,300 
Brazil 8,550 9,020 6,440 9,170 
Сапада = 6,850 7,960 7,820 9,130 
China 3,760 3,340 3,290 3,380 
France 1,650 3,380 1,390 2,450 
Germany 11,000 15,600 10,600 15,600 
Hungary = 1,870 1,830 2,420 2,430 
Italy ERN 1,790 2,150 1,430 1,770 
Other 2,240 4,150 28,900 17,700 
Total 46,400 62,900 70,000 75,900 
Silicon carbide: 
Crude: 
Brazil Е 6,170 9,870 1,520 1,610 
___ Сһпа 33,700 42,100 40,900 38,000 
Netherlands 2 10,500 10,700 4,530 2,160 
Romania 4,630 5,610 4,610 1,600 
South Africa 19,000 22,800 18,300 15,000 
Venezuela 34 852 -- -- 
Other 2,860 5,080 858 3,610 
Total 76,800 97,100 70,700 62,000 
Ground and refined: 
Brazil 13,600 19,200 7,210 13,300 
China 24,300 34,600 12,800 18,900 
Germany 3,000 6,050 1,570 2,780 
. Japan  — — | |  — 1,920 19,500 738 9,620 
Norway 2,880 14,000 2,620 12,200 
. Russia 3,580 5,030 3,410 4,970 
South Africa 1,410 2,930 108 135 
Vietnam — —— O O OoOo 408 399 428 419 
Other 1,060 2,290 582 1,480 
___ Тога) _______ 52,200 104,000 29,500 63,900 
Canada ________ 10,800 8,840 10,500 7,960 
ба 2,220 3,710 2,440 4,140 
Germany m 2,650 2,250 2,310 1,810 
Japan 1,510 3,020 2,140 4,100 
_ Korea, Republicof ______ 2,660 1,140 2,860 1,560 
Sweden 28,100 14,000 17 42 
Other 1,630 1,730 1,750 2,120 
. Total 49,600 34,700 22,000 21,700 
--Zero. 
„Баја are rounded to no more than three significant digits; may not add to totals shown. 
Customs value. 


Source: U.S. Census Bureau. 
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ALUMINUM 
By E. Lee Bray 


Domestic survey data and tables were prepared by Annie Hwang, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


During 2012, domestic primary smelters produced 
207 million metric tons (Mt) of aluminum metal valued at 
$4.61 billion, 4% more than the quantity and 9% less than the 
value in 2011. Most production was from smelters east of the 
Mississippi River. At yearend, five companies were operating 10 
primary aluminum smelters in seven States. An additional three 
smelters were temporarily idle. During the year, one smelter and 
some capacity at another smelter that had been temporarily idled 
were permanently shut down. About 2696 [700,000 metric tons 
per year (t/yr)] of domestic primary aluminum smelting capacity 
(table 2), including idle potlines at operating smelters, was 
idle at yearend. The 2012 annual average U.S. market price of 
primary aluminum ingot decreased by 13% to $1.010 per pound 
from $1.161 per pound in 2011. 

Aluminum recovered from purchased and tolled scrap 
increased by 596 to 3.27 Mt. Of this recovered metal, 56% 
сате from new (manufacturing) scrap, and 44% came from old 
(obsolete aluminum products) scrap. Aluminum used beverage 
cans (UBCs) accounted for 4594 of the reported old scrap 
consumed in 2012 and 2094 of total scrap consumed. 

Apparent consumption of aluminum increased by 11% 
compared with that in 2011. United States and Canadian 
producers shipped 84.3% of their aluminum products to 
United States and Canadian markets, of which the transportation 
industry accounted for 29.9%; containers and packaging, 19.6%; 
building and construction, 11.0%; electrical, 8.0%; machinery 
and equipment, 6.5%; consumer durables, 6.2%; and other 
uses, 3.1%. Exports accounted for 15.7% of shipments from 
producers in Canada and the United States in 2012 (table 6). 

At yearend 2012, total (unwrought, scrap, in process metal, 
and semifabricates) world inventories of aluminum, as reported 
| | International Aluminium Institute (AD (2013), were 
: Ен than those at yearend 2011. Combined inventories of 

m metal and alloys held by the London Metal Exchange 

Ld. (МЕ), however, increased by 3%. 
она Was produced in 44 countries in 201 2: 
s use. is _ and the United ан; in decreasing 
Rs 2 | uced, accounted for 63 % of primary world 
dd A А dioe metal production increased by 3% 
China ка ^ | 011 owing to increased production 
а. , s nited States, and several other nations. 
aie аи 0 new smelters, brownfield expansions, as 
Bund. о at smelters closed during recent years 
nally offset р production. These Increases were 

e United Kingdo Eus. production in Canada, Venezuela, 
itr other » the Netherlands, South Africa, Spain, and 

: "ountries. High power prices and low aluminum 


pric ; 
е 5 Were cited for shutdowns of smelters in the Netherlands, 
n, and the United Kingdom. 
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Primary production 


In January, Alcoa Inc. (Pittsburgh, PA) announced that the 
temporary closures of the 215,000-t/yr Alcoa, TN, smelter and 
two of the six idled potlines (76,000 t/yr of capacity) at the 
267,000-t/yr Rockdale, TX, smelter would be made permanent. 
The Rockdale smelter was shut down in 2008 owing to high 
electricity prices and declining aluminum prices, and the smelter 
in Tennessee was shut down in early 2009 owing to declining 
aluminum prices and demand. Subsequent efforts to obtain 
long-term power contracts for Rockdale at competitive prices 
were unsuccessful (Alcoa Inc., 20122). 

Alcoa and Bonneville Power Administration (BPA) signed 
a power supply contract for the 279,000-t/yr Intalco Works 
smelter at Ferndale, WA. Starting in January 2013, BPA agreed 
to provide 300 megawatts (MW) per year of power through 
September 2022. The prior long-term contract between Alcoa 
and BPA expired in May 2012, but power continued to be 
supplied to the smelter through short-term contracts during 
contract negotiations (Alcoa Inc., 2012р). 

Production reached full capacity at Century Aluminum Co.’s 
(Monterey, CA) 244,000-t/yr Hawesville, KY, smelter during 
the first quarter of 2012. One of the five potlines was idled in 
March 2009 owing to low aluminum prices and was restarted 
in December 2010. Issues concerning training new employees 
were cited for the delay in reaching full capacity (Century 
Aluminum Co., 2012). 

Noranda Aluminum Holding Corp. (Franklin, TN) delayed 
the planned expansion of its primary aluminum smelter in 
New Madrid, MO, to midyear-2013 from early 2013. The 
project would expand smelting capacity to 279,000 t/yr from 
263,000 t/yr, and rampup of the new capacity was expected to 
be completed by yearend 2013 (Waite, 2012a). 

A 5-year labor contract between Noranda and the United 
Steelworkers union was ratified on September 7 by employees 
at the New Madrid smelter. Work continued during contract 
negotiations after the previous contract set to expire on 
August 31 was extended through September 7 (Noranda 
Aluminum Holding Corp., 2012). 

Ormet Corp. (Hannibal, OH) shut down two potlines at 
its 271,000-t/yr smelter, citing high power prices and low 
aluminum prices for the shutdowns. One potline was shut 
down in late July and the second at the end of August for a 
combined 90,000 t/yr of smelting capacity (Ormet Corp., 2012; 
Waite, 2012b). 

Rio Tinto plc (London, United Kingdom) was making 
progress with a modernization project at its smelter in Sebree, 
KY, but completion was delayed until 2014 or 2015 from 
yearend 2012, as originally planned. Capacity of the smelter 
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would increase to approximately 210,000 t/yr from 196,000 t/yr 
(Platts Metals Week, 2012). 


Secondary production 


À 3-month long strike at the Nichols Aluminum LLC 
(Lincolnshire, IL) remelt furnace and rolling mill in Davenport, 
IA, ended on April 6, and a new 5-year contract was ratified 
on September 28. Production at the smelter and rolling mill 
continued at a lower rate during the strike (Waite, 2012c). 

In August, Aluminum Shapes, LLC (Delair, NJ) shut down 
one of its 48,000-t/yr furnaces for unplanned maintenance for 
] month. Aluminum Shapes' other furnace had been idle since 
2010 because of low demand (Baltic, 2012). 

In April, Bermco Aluminum Co. (Birmingham, AL) 
announced that it would move forward with construction of 
a new secondary aluminum smelter in Bessemer, AL. The 
110,000-t/yr smelter would replace Bermco's Birmgham 
smelter. Lack of space to expand at the Birmingham smelter 
was cited for the move. The new smelter was expected to 
be completed in early 2013. In September, Bermco idled a 
30,000-t/yr furnace at its secondary aluminum smelter in 
Birmgham. The lack of available scrap and decreased demand 
from some customers were cited for the shutdown. Two other 
furnaces continued to produce secondary aluminum ingot at the 
smelter (Platts Metals Week, 2012b, c). 

In January, Sapa Extrusions North America (Rosemont, IL) 
[a subsidiary of Sapa Group (Stockholm, Sweden)] completed 
installation of a new 45,000-t/yr furnace for melting scrap in 
Cressona, PA. Sapa added the secondary smelting capacity 
and a billet casting pit to reduce the impact of volatile prices 
for aluminum billet from outside suppliers that can result from 
increased demand and short supply. The new capacity would be 
used mainly to produce specialty alloys (Sapa Group, 2012). 

In March, Wise Alloys LLC (Muscle Shoals, AL) opened a 
new furnace to melt aluminum scrap from UBCs. The furnace 
was estimated to have a melting capacity of 225,000 t/yr of 
aluminum and increased the company's UBC melting capacity 
by 55% (Wise Alloys LLC, 2012). 

Aleris International Inc. (Beachwood, OH) completed 
upgrades to secondary smelters in Chicago Heights, IL, and 
Morgantown, KY. A holding furnace and two rotary furnaces 
were installed at the Morgantown smelter, and a rotary furnace 
was installed at the Chicago Heights smelter. Both smelters 
produced secondary ingot, and the Morgantown smelter also 
processed dross and salt cake from other secondary aluminum 
smelters to produce secondary ingot (Fitzgerald, 2012a). 


Consumption 


Apparent consumption of aluminum in the United States 
increased by 1696 in 2012 from that in 2011. Shipments of 
aluminum by United States and Canadian producers to their 
combined domestic markets increased by 5% in 2012 compared 
with the amount shipped in 2011. Shipments of aluminum to 
the building and construction, consumer durables, electrical 
products, machinery, and transportation sectors increased by 
6%, 7%, 8%, 2%, and 14%, respectively, compared with those 
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in 2011. Shipments to the containers and packaging sector 
decreased by 29^ (table 6). 

The increase in aluminum shipments for use in transportation 
was a result of increased automobile production and sales. 
Domestic sales of new passenger cars and light trucks in 2012 
increased by 12.996 compared with sales in 2011 (Petry, 2013). 
However, strong domestic automobile sales were partially 
offset by weakness in European markets owing to the European 
debt crises, especially during the early part of 2012. In 2012, 
automobile sales in the European Union (EU) declined by 8.2% 
compared with sales in 2011 (Curtin, 2013). 

Part of the increase in shipments of aluminum to the 
transportation sector was attributed to increased deliveries of 
commercial aircraft. The Boeing Co. (Chicago, IL) reported that 
its deliveries of commercial aircraft increased by 26% compared 
with deliveries in 2011. Although a significant portion of the 
increased deliveries was 787 Dreamliners, an aircraft with a 
fuselage and wings made from composite materials instead of 
aluminum, deliveries of Boeing's other commercial aircraft 
increased by 17% compared with deliveries in 2011 (Boeing 
Co., The, 2013, p. 26). 

The increase in aluminum shipments for use in building 
and construction resulted from increased nonresidential and 
residential construction. Sales of new homes were 19.994 higher 
in 2012 than in 2011 (U.S. Census Bureau, 2013c). The U.S. 
Census Bureau and the U.S. Department of Housing and Urban 
Development jointly reported that housing starts increased by 
28.1% in 2012 compared with starts in 2011. The number of 
houses completed was 11.496 more than in 2011 (U.S. Census 
Bureau, 2013b). Total construction spending during 2012 
increased by 9.296 compared with that in 2011, which was 
attributed to increased spending on residential construction 
(16.896) and private nonresidential construction (15.496). These 
increases were partially offset by a 2.7% decrease in spending 
on public construction (U.S. Census Bureau, 20132). Increased 
home construction and sales were attributed to increasing home 
values and lower mortgage interest rates. 


Stocks 


According to data reported by the Aluminum Association Inc. 
(2012; 2013), United States and Canadian producers' combined 
inventories of aluminum ingot, mill products, and scrap 
increased by 896 to 1.14 Mt at yearend 2012 from 1.06 Mt 
at yearend 2011. The LME reported that primary aluminum 
metal ingot stocks at its U.S. warehouses decreased by 11% 
to 1.97 Mt at yearend 2012 Кот 2.20 Mt at yearend 2011. At 
yearend 2012, LME warehouses in the United States also held 
147,000 metric tons (t) of North American special aluminum 
alloy contract (NASAAC) metal ingot, a 776 decrease from 
the 157,000 t held at yearend 2011 (London Metal Exchange 
2011; 2012). 


Prices 


The monthly average U.S. market price of primary aluminum 
metal, as reported by Platts Metals Week, started the year 
at $1.034 per pound in January and gradually rose to a peak 
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of $1.079 per pound in March. The monthly average price 
declined gradually through August when it reached a low of 
50.939 per pound. The price was volatile the remainder of the 
year, rallying in early September, with the monthly average 
price rising to $1.033 per pound before gradually declining 

to 90.983 per pound in November. The price rebounded to 

$1.051 per pound in December. The annual average price in 
2012 decreased to $1.010 per pound from $1.161 per pound 

in 2011. The LME monthly average cash prices for primary 
aluminum ingot followed the same general trend as the U.S. 
market price, and the 2012 annual average LME cash price 
decreased to $0.916 per pound from $1.088 per pound in 2011. 
The indicator prices for selected secondary aluminum ingots 
and scrap, as published in American Metal Market, followed the 
same trend as primary ingot prices (table 8). 


Foreign Trade 


[n 2012, total net imports of aluminum-base materials were 
essentially unchanged compared with net imports in 2011 
(tables 11 and 12). Imports for consumption of crude aluminum 
increased by 396, while imports of semifabricated aluminum 
materials (plates, sheet, and bars) decreased by 395, and scrap 
imports increased slightly. Canada remained the leading source 
country, accounting for 59% of the total (crude, semifabricated, 
and scrap) imports in 2012; Russia (796) and the United Arab 
Emirates (6%) were the second and third ranked suppliers. 

Imports of crude metal and alloys from Canada accounted for 
44% of all aluminum imports during 2012 (table 12). 

Total exports of aluminum increased slightly during 2012 
compared with those of 2011 (tables 9 and 10). Exports of crude 
aluminum (metal and alloys) and semifabricated aluminum 
materials increased by 15% and 12%, respectively, but exports 
of scrap decreased by 5%. About 79% of total U.S. exports of 
unmanufactured aluminum (crude, semifabricated, and scrap) in 
2012 were shipped to Canada, China, or Mexico. The aluminum 
shipped to China was 97% scrap and accounted for 40% of all 
US. aluminum exports during 2012 (table 10). 

A labor dispute and employee lockout at Rio Tinto’s Alma 
smelter in Saguenay-Lac-Saint-Jean, Quebec, Canada, had a 
noticeable impact on the availability of wire rod in the United 
e Two-thirds of the smelter’s 438,000-t/yr capacity was 

own for the first half of the year. The Alma smelter 
ШОП а of the aluminum wire rod capacity 
жя са, апа U.S. wire manufacturers substituted 
material from Iceland, the Middle East, and South 


America (Rio Tinto Alcan Inc., 2012b; Rio Tinto plc, 2012b 
P-5; Waite, 20124), | | 


World Industry Structure 


Producti . . 
tion.—World primary aluminum production increased 


VA 
n ET with that of 2011 owing to new 
iss: im ter expansions in China and Qatar, as well 
partially offset Sn in the United States. These gains were 
Itl of lower = smelter closures in several countries as a 
challenges, lat орки prices, high power costs, financial 
шуй, a ; Isputes, and technical issues. China, 
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production, accounted for 63% of total world primary aluminum 
production. China was the leading producer and accounted for 
44% of global production. 

During the fourth quarter of 2008 and early 2009, many — 
primary smelters announced shutdowns in response to declining 
prices as demand for aluminum receded in the face of the 
financial crisis. Throughout 2010, most of these shutdowns 
continued, although several restarts were announced in the 
second half of the year. ш 2011, more restarts were announced 
as prices and demand for aluminum increased. In 2012, 
new capacity was ramped up although price declines and 
other factors resulted in some smelter shutdowns, and world 
production was 16% greater than the prerecession level of 2008. 

Stocks.—As aluminum prices recovered from their low level 
during the financial crisis in 2009, smelter restarts during late 
2010 and early 2011 led to increased aluminum inventories 
by yearend 2011. At yearend 2012, however, combined IAI 
and LME inventories of primary and alloyed aluminum were 
essentially unchanged from yearend 2011. Significant decreases 
in aluminum alloy inventories were offset by increased 
primary aluminum inventories as speculators preferred primary 
aluminum to alloyed aluminum. Yearend 2012 inventories 
of unalloyed aluminum metal held by the LME increased by 
5% to 5.21 Mt from 4.98 Mt at yearend 2011, and aluminum 
alloy inventories decreased by 38% to 87,700 t from 142,000 t. 
(London Metal Exchange Ltd., 2011; 2012). 

The increased inventories at LME warehouses were offset by 
decreases in IAI total aluminum inventories, which decreased by 
576 to 2.28 Mt at yearend 2012 from 2.39 Mt at yearend 2011. 
Total aluminum includes unwrought aluminum plus unprocessed 
scrap, metal in process, and finished semifabricated (mill) 
products. Unwrought aluminum inventories held by IAI member 
producers decreased by 10% to 1.26 Mt at yearend 2012 from 
1.40 Mt at yearend 2011. Unwrought aluminum is defined by the 
IAI as aluminum in its basic form made from primary metal or 
from scrap and that is metallurgically unworked (International 
Aluminium Institute, 2013). 

Mergers and Acquisitions.—Norsk Hydro ASA (Oslo, 
Norway) sold its 75,000-t/yr secondary smelter which produced 
extrusion ingot in Taiwan to Ting Sin Metal Co. Ltd. in October 
(Norsk Hydro ASA, 20122). Norsk Hydro also agreed to 
combine its extruded products division with Sapa Holdings HB 
[a subsidiary of Orkla ASA (Oslo)] in a joint venture owned 
equally by both companies. The new company would be known 
as Sapa and would have fabrication facilities throughout Europe 
and North America, as well as in Argentina, Brazil, China, India, 
and Vietnam. The merger was expected to be completed in the 
first half of 2013 (Norsk Hydro ASA, 2012b). 


World Review 


Australia.—A luminum production in Australia declined by 
4% (81,000 t) in 2012 compared with production in 2011 owing 
to the shutdown of Norsk Hydro's 180,000-t/yr Kurri Kurri 
smelter in New South Wales. One-third of Kurri Kurri's capacity 
was shut down in February, and the remaining capacity was shut 
down in August. Low prices and demand for aluminum, as well 
as unfavorable currency valuations, were cited for the shutdown 
(Norsk Hydro ASA, 2012c, d). 
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Azerbaijan.—Production in Azerbaijan more than doubled as 
Det. AL Group (Baku) continued to ramp up its new 100,000-t/yr 
Ganja smelter which started production in November 2011. 
Production at full capacity was expected to be reached in 2013 
(Platts Metals Daily, 201 2a). 

Bahrain.—Aluminium Bahrain B.S.C. (Alba) (Bahrain) 
completed upgrading one potline at its smelter, increasing 
capacity to 937,000 t/yr from 880,000 t/yr. Further upgrades to 
two other potlines were being made to increase smelter capacity 
to 970,000 t/yr. Alba also was conducting a bankable feasibility 
study for a new potline that would increase smelter capacity by 
an additional 400,000 t/yr (Aluminium Bahrain В.5.С., 
2012a, b). 

Bosnia and Herzegovina.—Production decreased slightly 
because Alminij d.d. Mostar (Mostar) cut production at 
its 135,000-t/yr smelter to 118,000 t/yr in July, citing high 
power costs and low aluminum prices (CRU Aluminum 
Monitor, 2012d). 

Brazil.—In September, Brazil's Government required utility 
companies to cut electricity rates by as much as 28% as а 
condition of renewing operating licenses through 2017. Many 
companies in the mining and metals industries, including 
primary aluminum smelters, had lobbied for relief from Brazil's 
high power prices, which reportedly averaged $163 per MW 
hour, significantly higher than in other parts of the world 
(Orihuela and Spinetto, 2012). 

Production at Companhia Brasileira de Alumínio's [a 
subsidiary of Votorantim Group (São Paulo)], 475,000-t/yr 
smelter at Sorocaba increased by 11.296 compared with 
production in 2011. Technical issues throughout 2011 caused 
a 13% decline compared with production in 2010 (Votorantim 
Group, 2011; Associação Brasileira do Aluminio, 2013). 

Brazil recycled a record-high 98.3% of all aluminum beverage 
cans sold in the country during 2011, an increase from 97.6% in 
2010 and the previous record rate of 98.296 achieved in 2009. 
Brazil collected and recycled 248,700 t of UBCs, the equivalent 
of 18.4 billion aluminum cans. Since 2001, Brazil has had the 
highest aluminum can recycling rate among countries that do 
not have mandatory recycling laws (Associacáo Brasileira do 
Alumínio, 2012). 

Novelis Inc. [a subsidiary of Hindalco Industries Ltd. 
(Mumbai, India)] continued expansion of its recycling facility 
and rolling mill in Pindamonhangaba to 390,000 t/yr from 
200,000 t/yr, with completion expected by yearend 2013. The 
recycling center melts UBCs and other scrap, and the rolling 
mill produces can sheet and other rolled products (Novelis Inc., 
20125). 

Canada.—In 2012, aluminum production in Canada 
declined by 7% (203,000 t) compared with production in 2011 
because of a labor dispute at one smelter and a power failure 
at another smelter. A labor dispute and employee lockout that 
started January 1 at Rio Tinto’s 438,000-t/yr Alma smelter at 
Saguenay-Lac-Saint-Jean, Quebec, ended on July 5 when a new 
contract was ratified. Two-thirds of the smelter's capacity was 
shut down during the dispute (Rio Tinto Alcan Inc., 2012b; Rio 
Tinto plc, 2012b, p. 5). 

Rio Tinto's 100,000-t/yr Shawinigan, Quebec, smelter 
returned to full capacity in March after production was cut by 
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one-half owing to a power failure on December 29, 2011. The 


smelter, which uses Soderberg technology, was scheduled to 
be shut down permanently by yearend 2014 to comply with ^ 
Provincial environmental regulations (Rio Tinto Alcan Inc., = 


2012c; Rio Tinto plc, 20125, р. 16). > 

Construction continued on a new 60,000-t/yr smelter at 
Saguenay-Lac-Saint-Jean, Quebec, with the first metal expected a 
in February 2013. The smelter would use pots designed by Rio z 
Tinto Alcan that were expected to increase energy efficiency and 
production. Further expansions of the smelter to 460,000 t/yr 
were being studied. The smelter would replace Rio Tinto's 
176,000-t/yr Arvida smelter which started production in 1926 
(Rio Tinto Alcan Inc., 20129). 

Rio Tinto delayed completion of the modernization of the E 
Kitimat, British Columbia, smelter to yearend 2014 citing : 
challenging market conditions. When completed, the smelter E 
would have a capacity of 420,000 t/yr from new prebaked 
pots which are replacing Soderberg pots. А new labor contract а 
between Rio Tinto and employees а the Kitimat smelter and ч 
nearby powerplant was ratified on July 27 (Rio Tinto Alcan Inc., 
2012a; Rio Tinto plc, 2013a, p. 23, 44). 

Rochester Aluminum Smelting Canada Ltd. (Concord, 
Ontario) installed a 22,000-t/yr furnace at its secondary smelter 
in Concord, Ontario. The new furnace replaced two furnaces 
that each had a capacity of 11,000 t/yr, which cost more to 
operate. The secondary smelter produces aluminum used by 
steel mills for deoxidation (Fitzgerald, 2012b). 

China.—Primary aluminum production in China was 
1296 more in 2012 than in 2011 as the industry continued 
to evolve. Production from new smelters built principally 
in the northwestern provinces near coal-fired powerplants 
more than offset declines from older smelters in the eastern 
and southern provinces employing less efficient technology 
and that experienced power shortages and high power prices. 
The National Government was making efforts to encourage 
expansion of smelters in the northwestern Xinjiang Province, 
where rapid smelter expansions took place during the past year, 
but at the same time, limiting expansion to available power 
supplies and transportation infrastructure. In order to deal 
with power shortages and high power prices, many smelters 
were building captive powerplants. Permanent shutdowns of 
smelters with obsolete technology mandated by a 2011 National 
Government policy also contributed to the production decline in 
some eastern provinces. In the face of low aluminum prices, the 
National Government and some Provincial governments took 
action to support prices. 

Significant expansion of China's primary and secondary 
aluminum industry capacity took place in 2012, as did 
expansion of value-added downstream products. China's 
primary aluminum capacity was approximately 26.9 MU yr at 
yearend 2012, an increase from 25.6 Mt/yr at yearend 201 1. 
Expansions underway were expected to increase total capacity 
to approximately 30.2 Mt/yr by yearend 2013 (China Metal 
Market —Alumina and Aluminum, 2012e; 20132). Secondary 
aluminum production in China during 2011 was 5.2 Mt, 6.6% 
more than that of 2010. China exported 680,000 t of secondary 
aluminum during 2011 (China Metal Market—Alumina and 
Aluminum, 2012c). 
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The Ministry of Industry and Information Technology issued 
a policy to permanently shut down 270,000 t/yr of obsolete 
primary smelting capacity by yearend to conserve power and 
reduce pollution. The policy also applied to outdated technology 
used to produce cement, coking coal, copper, ferrous alloys, iron 
and steel, lead, and zinc (China Metal Market—A lumina and 
Aluminum, 2012m). The Henan Provincial government issued 
а policy to permanently shut down 179,000 t/yr of obsolete 
smelting capacity by yearend 2012, 48,000 t/yr of which had 
been permanently shut down in 2011 (China Metal Market— 
Alumina and Aluminum, 20120). 

In response to low aluminum prices and weak demand, the 
National and certain provincial governments took action to 
support primary aluminum smelters. The State Reserve Bureau 
purchased 100,000 t of aluminum in November in order to 
boost the market price and announced plans to purchase an 
additional 100,000 t (CRU Aluminum Monitor, 2012b). The 
Yunnan Provincial government also started a stockpile program 
to help aluminum smelters in the province. Aluminum would be 
warehoused and the smelters could use the metal as collateral 
for loans from banks, with the Yunnan Province government 
paying the interest on the loans. In November, 100,000 t was 
purchased for the provincial stockpile (China Metal Market— 
Alumina and Aluminum, 2012k; 2013a). 

Some Provincial and municipal governments also provided 
subsides to smelters in response to high power prices and 
low aluminum prices. The Gansu Provincial government 
provided preferential power prices to energy-intensive 
industries, including primary aluminum smelters (China Metal 
Market—Alumina and Aluminum, 201 21). The municipal 
government of Luoyang, Henan Province, started providing 
subsidies to aluminum smelters in September (China Metal 
Market—Alumina and Aluminum, 2012j). In July, the Ningxia 
Provincial government started providing preferential power 
pices to energy-intensive industries, including primary 
aluminum smelters, which enabled smelters in Ningxia to 
maintain production levels (China Metal Market—Alumina and 
Aluminum, 20121). 

Ми eee August, JISCO Dongxing Special 

is fi oy Co. Ltd. completed the ramp up of a 

ae SHE In Jiuquan, which began producing in 

ORC ade . An expansion was started in June that would 
pacity to 1 Mt/yr and was expected to be completed 
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In September, Gansu Hongtai Aluminum Co. Ltd. (a 
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down in August and September 2011 owing to power shortages. 
The smelters each had a capacity of 225,000 t/yr and each had 
been producing at a rate of 110,000 t/yr during the shutdown 
(Platts Metals Week, 20121). 

In February, Guangxi Suyuan Investment Co. Ltd. started 
construction of a smelter in Xinshan. The first 200,000 t/yr of 
capacity was to be completed in August 2013, and an expansion 
to 300,000 t/yr was planned. The project also included a 
600-MW powerplant and a 300,000-t/yr rolling mill (China 
Metal Market—Alumina and Aluminum, 20122). 

Guizhou Province.—In June, Huangguoshu Aluminum 
Co. Ltd. completed expansion of its smelter in Anshun and 
started production in October. The project increased capacity to 
180,000 t/yr from 115,000 t/yr (China Metal Market—Alumina 
and Aluminum, 2012k). 

Aluminum Corp. of China (Chinalco) temporarily shut down 
some capacity at its 255,000-t/yr smelter in Zuiyi during the first 
quarter, citing power shortages from hydroelectric powerplants 
experiencing drought conditions. Chinalco restarted the idled 
pots in May (China Metal Market—A lumina and Aluminum, 
2012f, g). 

Henan Province.—Sanmenxia Tianyuan Aluminum Co. 

Ltd. shut down its 150,000-t/yr smelter in Hubin in September, 
citing high power costs and low aluminum prices. The company 
had already shut down its 120,000-t/yr smelter in Mianchi in 
October 2011, citing the high cost of power in the Province. 
The company indicated that both shutdowns would likely be 
permanent (Platts Metals Week, 2012g). 

Citing low aluminum prices and the high cost of power, 
Shenhuo Group Ltd. temporarily shut down the 140,000-t/yr 
Qingyang smelter and the 120,000-t/yr Xinfeng smelter during 
the first quarter of the year (CRU Aluminum Monitor, 2012). 

Inner Mongolia Province.—In July, Chinalco started 
construction of an integrated aluminum project in J ungar. In 
addition to a 500,000-t/yr smelter, the project would include a 
1.2-Mt/yr alumina refinery that would produce alumina from 
coal ash, a 1,050-MW captive powerplant, and a 10-Mt/yr coal 
mine (CRU Aluminum Monitor, 20124). 

Inner Mongolia Jinlian Aluminum Semis Co. Ltd. was 
constructing a 450,000-t/yr smelter in Holingol, along with a 
1,100-MW powerplant, a 10-Mt/yr coal mine, and a 500,000- 
t/yr rolling mill. Expansion of the smelter to 1 Mt/yr was 
planned (China Metal Market—Alumina and Aluminum, 
2012g). 

Huomei Group Ltd. and Hangzhou Jiniang Group Ltd. started 
construction of a 450,000-t/yr smelter in Houlinhe during the 
first quarter of the year. Further expansion of the smelter to 
1 Mt/yr was planned, as well as a rolling mill, a 1,100-MW 
powerplant, and a 10-Mt/yr coal mine (China Metal Market— 
Alumina and Aluminum, 2012c). 

CPI Huomei Hongjun Aluminum and Power Co. Ltd. ramped 
up new capacity at its smelter in Tongliao during the first quarter 
of the year. The expansion increased the smelting capacity to 
780,000 t/yr from 430,000 t/yr (China Metal Market—A lumina 
and Aluminum, 20122). 

Liaoning Province.—China Zhongwang Holdings Ltd. 
started construction of an aluminum smelter in Yingkou. The 
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first phase, with 400,000 Џуг of capacity, was expected to be 
completed in October 2013, and an expansion to 800,000 t/yr 
was to be built later. The company manufactures extruded 
aluminum parts for the electrical, machinery, and transportation 
sectors, and the smelter would enable it to supply its own billet 
(CRU Aluminum Monitor, 20126). 

In June, Chinalco completed expanding its smelter in Fushun 
to 310,000 t/yr from 210,000 t/yr, and ramped up the new pot 
line to full capacity in August (China Metal Market—Alumina 
and Aluminum, 2012g, j). 

Ningxia Province.—Chinalco began construction of a 
1 -Mt/yr smelter with a 2,000-MW powerplant in Guyuan. The 
smelter would be built in two phases starting in October (China 
Metal Market—Alumina and Aluminum, 20125). 

Qinghai Province.—Sanmenxia Tianyuan was constructing a 
500,000-t/yr smelter in Xining, with initial production expected 
in 2013 (Platts Metals Week, 2012g). 

The Huanghe Xinye Aluminum Co. Ltd. smelter in Xining, 
Qinghai Province reached full capacity in January. The 
expansion, which was completed in March 2011, increased 
capacity to 550,000 t/yr from 250,000 t/yr (China Metal 
Market—Alumina and Aluminum, 20125). 

In January, West Hydropower Co. Ltd. started production 
from its new 150,000-t/yr smelter in Minhe County. Further 
expansion of the smelter to 400,000 t/yr and a rolling mill were 
reportedly being considered (China Metal Market—Alumina 
and Aluminum, 2012b; CRU Aluminum Monitor, 2012c). 

Qinghai Material Industry Group Co. Ltd. completed 
modernization of its smelter in Datong County. The project 
increased capacity to 300,000 t/yr from 250,000 t/yr and the 
new capacity was put into production in December (China Metal 
Market—Alumina and Aluminum, 2013а). 

In April, Tianrui Group Ltd. started construction of an 
industrial complex that would include an aluminum smelter, 

a powerplant, and a rolling mill in Xining. The smelter was 
expected to be completed in 2015 (China Metal Market— 
Alumina and Aluminum, 2012f). 

In June, Chinalco started to expand its smelter in Xining to 
900,000 t/yr from 400,000 t/yr. The project would include a 
1,050-MW captive powerplant (China Metal Market—Alumina 
and Aluminum, 2012g). 

Shaanxi Province.—Shaanxi Yulin Nonferrous Metals Co. 
Ltd. completed a 650,000-t/yr smelter in Yulin and started 
production in June. The project also included a 1,650-MW 
powerplant and 8-Mt/yr coal mine (China Metal Market— 
Alumina and Aluminum, 2012e). 

In December, Shanxi Yangquan Aluminum Co. Ltd. 
permanently shut down its 40,000-t/yr smelter in Yangquan, 
citing high power prices and obsolete technology (China Metal 
Market—Alumina and Aluminum, 20135). 

Shandong Province.—In March, Shandong Yili Aluminum 
and Power Co. Ltd. completed the ramp up of its 400,000-t/yr 
smelter in Longkou. The smelter was completed in October 
2011, and production started in November 2011 (China Metal 
Market—A lumina and Aluminum, 20124). 

Xinjiang Province.— During the first quarter of the year, 
Xinjiang Tianshan Aluminum Co. Ltd. started production from 
its 460,000-t/yr smelter in Shihezhi. А 300,000-t/yr rolling mill 
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also started production and a captive powerplant was built. 
Further expansions were planned to increase smelting capacity 
to 1.6 Му ут, rolling capacity to 1 Mt/yr, and power generation 
to 3,500 MW by 2017 (China Metal Market—Alumina and 
Aluminum, 2012c; CRU Aluminum Monitor, 2012c). 

In July, Xinfa Xinjiang Aluminum & Power Co. (a subsidiary 
of Shandong Chiping Xinfa Group) completed expanding its 
smelter in Wujiaqu to 800,000 t/yr from 400,000 t/yr (China 
Metal Market—Alumina and Aluminum, 2012h). 

Xinjiang Qiya Aluminum and Power Ltd. completed its 
450,000-t/yr smelter in Wucaiwan and started production in 
August. Further expansion of the smelter to 800,000 t/yr and a 
1,440-MW powerplant were planned (China Metal Market— 
Alumina and Aluminum, 2012j; CRU Aluminum Monitor, 
2012e). 

Xinjiang Shenhuo Coal and Power Co. completed a 
130,000-t/yr smelter in Wucaiwan and started production in 
October. Expansion of the smelter to 1.6 Mt/yr was planned 
(CRU Aluminum Monitor, 2012g). 

In December, East Hope Group Ltd. completed expanding 
its smelter in Jimsar County to 600,000 t/yr from 300,000 t/yr. 
The first phase of the smelter was completed at yearend 2011 
and started commercial production in the first quarter of 2012. 
Rampup of the second phase was expected to be completed 
in early 2013. Further expansions were planned to increase 
capacity to 2 Mt/yr by the end of 2014 (Platts Metals Daily, 
2012b). 

Xinjiang Jiarun Co. Ltd. was constructing an 800,000-Џуг 
smelter in Manas County. The first phase of the smelter, with a 
capacity of 400,000 t/yr was completed at yearend 2012 and the 
second phase was expected to be completed in 2013. Further 
expansion to 1.6 Mt/yr was planned (China Metal Market— 
Alumina and Aluminum, 2012h). 

In January, construction started on a 1-Mt/yr smelter in 
Shanshan County. The project, a joint venture between Chinalco 
(65%) and Jiaozuo Wanfang Aluminum Co. Ltd. (35%), was to 
include a 1,750-MW captive powerplant and a nearby 10-Mt/yr 
coal mine (China Metal Market—Alumina and Aluminum, 
20121). 

Xinjiang Joinworld Co. Ltd. was planning to construct a 
smelter and rolling mill to produce high-purity aluminum 
(99.99%) in Urumchi. When completed, the smelter would 
have a capacity of 90,000 t/yr and would supply high-purity 
aluminum foil for electronics manufacturers (China Metal 
Market—Alumina and Aluminum, 20121). 

Yunnan Province.—In February, Yunnan Dongyuan 
Aluminum Co. Ltd. shut down 30,000 t/yr of capacity at its 
410,000-t/yr smelter in Fuyuan County. A drought caused low 
water levels at hydroelectric powerplants in the area, resulting in 
a power shortage at the smelter (China Metal Market—Alumina 
and Aluminum, 2012n). 

Yunnan Yongxin Aluminum Co. Ltd. completed its 
330,000-t/yr smelter in Jianshui County and started production 
during the second quarter of the year. The smelter ramped up to 
full capacity by yearend (China Metal Market—Alumina and 
Aluminum, 2012h). 

Germany.—Norsk Hydro signed a 5-year power supply 
contract with a Swedish utility company to enable the 
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230,000-t/yr Neuss smelter to increase production to 

150,000 t/yr from 50,000 t/yr, starting in the first half of 2013. 
The German Government was providing financial assistance 
to energy-intensive industries, including the Neuss smelter, to 
offset high power prices (Wookey, 2012). 

In November, Novelis started construction of a 400,000-t/yr 
secondary aluminum smelter at its rolling mill in Nachterstedt. 
Recycled UBCs and other scrap would be used to make sheet 
ingot when completed in mid-2014 (Novelis Inc., 2012a). 

Iceland.—Rio Tinto completed a billet casthouse at the ISAL 
smelter in Straumsvik and started billet production in the second 
quarter of the year. The casthouse was part of an expansion and 
modernization project that would increase the capacity of the 
smelter to 230,000 t/yr from 190,000 t/yr by July 2014 (Rio 
Tinto plc, 2012а, p. 7). 

India.—Production of aluminum in India increased slightly 
(33,000 t) owing to expansions of existing smelters, partially 
offset by reduced production at one smelter caused by power 
shortages that began in 2011. Vedanta Resources plc completed 
expansion of the Jharsuguda smelter to 550,000 t/yr from 
300,000 (уг during the second quarter. Work on the 325,000-t/yr 
Korba Ш smelter was also progressing toward completion in 
mid-2014 (Vedanta Resources plc, 2012; 2013). 

Hindalco was expanding the Hirakud smelter to 213,000 t/yr 
from 161,000 t/yr with completion scheduled for early 2013. 
Construction of the 359,000-t/yr Mahan smelter and an adjacent 
900-MW powerplant continued during the year, with completion 
expected in early 2013 (Hindalco Industries Inc., 2012а, р. 51). 
Construction of the 359,000-t/yr Aditya smelter and an adjacent 
900-MW powerplant also was progressing, although at a revised 
slower rate, with completion expected in early 2013 (Hindalco 
Industries Inc., 2012b). 

National Aluminium Co. Ltd. (Nalco) (Bhubaneswar) 
operated the 345,000-t/yr Angul smelter at a rate of about 
310,000 t/yr during the first half of the year. Production from the 
smelter and its captive powerplant were reduced in September 
2011 owing to shortages of coal (National Aluminium Co. Ltd., 
2003), Nalco completed expansion of its Angul smelter that 
Increased capacity to 460,000 Џуг from 345,000 t/yr during the 
fist half of the year (National Aluminium Co. Ltd., 2012b). 
| Italy. Production of aluminum declined by 35% (58,000 t) 
vd nent 2012 compared with production in 2011 as a 
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melt UBCs and supply rolling ingot for the adjacent rolling mill 
and another rolling mill at Ulsan (Novelis Inc., 20125). 

Malaysia.—Press Metal Berhad's (Selangor) production 
increased by 5096 (40,000 t) following completion and startup in 
the second half of the year at the 240,000-t/yr Samalaju smelter 
(Press Metal Berhad, 2012). 

Netherlands.—Aluminum production declined by 50% 
(150,000 t) in 2012 compared with production in 2011 after 
Zeeland Aluminum Co. (Zalco) (Vlissingen) closed its 
275,000-t/yr smelter in Vlissingen in December 2011. The Zalco 
smelter, which had filed for bankruptcy when it closed, was sold 
in June. Century Aluminum purchased the 150,000-t/yr anode 
plant to supply its smelter at Grundartangi, Iceland, and UTB 
Industry, a Dutch machinery wholesaler, purchased the potlines 
and casthouse. The potlines were to be demolished because of 
the high cost of operating them, but the casthouse was to be 
used for secondary aluminum production (Platts Metals Week, 
2012h). 

New Zealand.—Production from Rio Tinto’s 350,000-t/yr 
Tiwia Point smelter declined by 9% compared with production 
in 2011. Low water levels reduced available power from 
hydroelectric powerplants which were the smelter’s primary 
power supply, and Rio Tinto was unable to obtain additional 
power for the smelter (Platts Metals Week, 2012i; Rio Tinto ple, 
2013b, p. 19). 

Norway.—Norsk Hydro shut down a casthouse used to 
produce secondary aluminum ingot at Ardal in August, citing 
the high costs of melting scrap. The remaining casthouse would 
continue using aluminum from Hydro’s primary smelter (Norsk 
Hydro ASA, 2012е). 

Romania.—Alro S.A. [a subsidiary of Vimetco N.V. 
(Bucharest)] decreased production from the Slatina smelter 
by 5% compared with production in 2011 citing power 
shortages. Hidroelectrica S.A., the main power provider for 
the 265,000-t/yr smelter, declared a force majeure in January. 
resulting in disruption of power supplies and higher costs fon 
power (Alro S.A., 2012a, b). 

Russia.—In February, United Company RUSAL (Moscow) 
completed the first stage of a project at the Nadvoisty smelter 
that increased specialty ingot production from 15,000 t/yr to 
45,000 t/yr. А second stage of the modernization project would 
increase specialty ingot capacity to match the smelter's capacity 
of 81,000 t/yr. RUSAL also completed modernization projects 
adding capacity to produce specialty ingot and rolling slab at 
the Volkhov and Ural smelters about midyear. Further upgrades 
expected to be completed by the first quarter of 2013, would add 
capacity for wire rod at the Kandalaksha smelter and for rolling 
slab at the Volgograd smelter. When completed, all production 
from these five smelters would be in the form of value-added 
products such as rolling slab, specialty ingot, or wire rod 
(United Company RUSAL, 20124, h). 

RUSAL announced plans to increase production of value 
added products at its smelters in Siberia to 1.26 Mt/yr from 
1.13 Mt/yr in 2012, and to 1.93 Mt/yr by 2016. The Bratz, 
Krasnoyarsk, and Sayanogrsk smelters were upgraded during 
the year to increase combined rolling slab production for the 
automotive sheet and packaging markets to 507,000 t/yr from 
424,000 t/yr. The Novokuznetsk smelter was to be upgraded 
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to produce extrusion billet for the building and construction 
market. The Irkutsk smelter was to be upgraded to produce 
wire rod from aluminum-rare-earth-element alloys for the cable 
industry (United Company RUSAL, 2012e). 

RUSAL was progressing on the Boguchansky smelter, with 
production from the first 147,000-t/yr potline expected to start 
in August 2013. When completed in 2016, the smelter would 
have a capacity of 600,000 t/yr. The smelter would be powered 
by the 3,000-MW Boguchanskaya hydroelectric powerplant 
on the Angara River that started producing power from two of 
its nine turbines in October. The Boguchanskaya hydroelectric 
powerplant was a joint venture between RUSAL and RusHydro 
and was expected to be fully operational in 2013 (United 
Company RUSAL, 2012a, b, f). 

Construction of infrastructure needed for the 750,000-t/yr 
Taishet smelter was progressing, but construction of the smelter 
was delayed until economic conditions improve (United 
Company RUSAL, 2012g). 

RUSAL planned to permanently close 275,000 t/yr of 
high-cost capacity at its smelters in western Russia by 2018. 
The Bogoslovsk smelter shut down 150,000 t/yr of capacity by 
yearend 2012; the Nadvoitsy and Volkhov smelters were to shut 
down 75,000 t/yr total capacity in 2015; and the Novokuznetsk 
smelter was to shut down two potlines with a combined 
50,000 t/yr of capacity in 2018. Expiring power contracts and 
the high price of power in western Russia were cited for the 
closures (United Company RUSAL, 2012c). 

Saudi Arabia.—In December, Alcoa (25.196) and Saudi 
Arabian Mining Co. (Ma'aden) (Riyadh) (74.996) produced the 
first aluminum from their joint-venture smelter in Ras Al Khair. 
The 740,000-t/yr smelter was to ramp up to full capacity during 
2013. Alcoa and Ma'aden also broke ground in December for 
the second phase of the rolling mill adjacent to the smelter 
that would produce foil stock and sheet for the automotive and 
construction markets. When commissioned, the initial rolling 
mill capacity would produce sheet for containers and packaging. 
The entire rolling mill was expected to be completed in 2014 
(Alcoa Inc., 2012a, h). 

South Africa.—Primary aluminum production from the 
715,000-t/yr Hillside smelter decreased by 2176 compared 
with production in 2011. BHP Billiton Ltd. (Melbourne, 
Victoria, Australia) attributed the production decline to a major 
unplanned outage of its anode furnace during the first quarter 
of the year. The smelter returned to full capacity by yearend, 
but the shutdown resulted in South Africa's total aluminum 
production declining by 18% (144,000 t) compared with | 
production in 2011 (Platts Metals Week, 2012d; BHP Billiton 
Ltd., 2013, p. 2, 7). | 

Spain.—Alcoa temporarily shut down the 93,000-t/yr Aviles 
and 87,000-t/yr La Coruna smelters during the first half of 
the year, resulting in a 37% (135,000 t) decrease in primary 
aluminum production in Spain during 2012. High costs for | 
power and raw materials combined with falling aluminum prices 
were cited for the closures (Alcoa Inc., 2012е). 

United Arab Emirates.—1n October, Emirates Aluminium 
Ltd. (EMAL) (Abu Dhabi) increased capacity of the 
Al Taweelah smelter to 800,000 t/yr from 750,000 t/yr. 
Construction continued on a new potline that would further 
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increase capacity to 1.3 Mt/yr when completed in 2014. EMAL 
was a partnership between Dubai Aluminium Co. Ltd. and | 
Mubadala Development Co. (Emirates Aluminium Ltd., - 
2012a, b). 
United Kingdom.—Primary aluminum production in the ze 
United Kingdom decreased by 72% (153,000 t) during 2012 
owing to the permanent closure of Rio Tinto's 182,000-t/yr x 
smelter at Lynemouth on March 29. The high cost of power = 
associated with compliance to emerging regulatory requirements | 
was cited as the reason for the shutdown of the smelter which 
started production in 1972 (Rio Tinto plc, 2011; 20125, p. 17). 
Venezuela.—Primary aluminum production in Venezuela 
during 2012 was 4796 (180,000 t) lower than in 2011 owing 
to shortages of raw materials at both of the country's smelters, 
including aluminum fluoride, cryolite, and petroleum coke, 
which began in 2011 and continued through 2012. During the 
first half of 2012, the 170,000-t/yr Alcasa smelter produced 
at a rate of about 65,000 t/yr, and the production rate at the 
430,000-t/yr Venalum smelter decreased to about 105,000 t/yr. 
In the middle of the year, the smelters received emergency 
Government funding to purchase raw materials, although the 
production rates did not increase significantly (Platts Metals 
Daily, 2012c; Platts Metals Week, 2012a, e). 


Outlook 


Aluminum prices, which had increased during the second half 
of 2012, declined during the first half of 2013. As of 
June 1, 2013, about 25% (690,000 t/yr) of domestic primary 
aluminum smelting capacity was idled. World demand for 
aluminum in 2013 was not expected to change significantly 
from that in 2012 because the rate of economic expansion in 
China had declined and aluminum consumption in Europe 
continues to stagnate. Further uncertainties about Japan's 
economy were expected to contribute to declining aluminum 
consumption in that country. 

Lingering effects of the sovereign debt issues in Europe 
raised concerns about economic growth and consumer demand, 
and automobile sales declined during the early part of 2013 
compared with sales in the same period of 2012. In the United 
States, consumption of aluminum was expected to increase 
during 2013, led by increased automobile manufacturing 
and home construction. Demographic trends suggested that 
European automobile sales may stay at the 2012 levels or 
decline further even after Europe's economy recovers (Curtin, 
2013). However, substitution of aluminum for steel in the 
automobile industry and increased aircraft manufacturing to 
replace older aircraft with more efficient aircraft were expected 
to contribute to increased aluminum consumption in the future 
in those applications. 

Automakers were reportedly working with aluminum 
producers to develop vehicles with aluminum frames and doors 
to reduce vehicle weight and increase fuel efficiency in response 
to increased Corporate Average Fuel Economy standards. 
Substituting steel with aluminum in these parts could increase 
the average amount of aluminum per vehicle to 249 kilograms 
by 2025 from 156 kilograms in 2012 (Kelly, 2012). In 
anticipation of increased consumption of aluminum sheet by 
automobile manufactures, Alcoa started construction of an 
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expansion of its rolling mill at Davenport, IA. The project was 
expected to be completed by yearend 2013 (Alcoa Inc., 2012c). 

To meet anticipated consumption increases in the aerospace 
industry, Alcoa was increasing its capacity to produce 
aluminum-lithium alloys. Projects located at Lafayette, IN, 
Upper Burrell, PA, and Kitts Green, United Kingdom, would 
increase capacity to produce aluminum-lithium alloy billet 
and rolling ingot for making lighter aircraft. The new alloys 
were developed in response to competitive threats from 
composite materials for aircraft manufacture introduced in 
recent years. Capacity at the Lafayette project was planned to 
be 20,000 t/yr of aluminum-lithium alloys and was expected to 
be completed by yearend 2014 (Alcoa Inc., 2012b, d). Chinalco 
also developed a new aluminum-lithium alloy to be used in the 
aerospace industry. The alloy would be produced by Southwest 
Aluminum Group Co. Ltd., a subsidiary of Chinalco (China 
Metal Market—Alumina and Aluminum, 20126). 

Relatively high electricity prices in parts of the United States 
diminish the likelihood that domestic smelters currently shut 
down will reopen in the near term. Owners of several operating 
smelters were negotiating for lower power prices in order to 
continue operating despite low aluminum prices. Production 
declines at several smelters in Canada, Europe, and India were 
announced in the early part of 2013, citing low aluminum 
prices, high power costs, power shortages, and the high cost 
of compliance with increasingly stringent environmental 
regulations. Older smelters in Canada, China, and the United 
States were being modernized to replace obsolete technology to 
comply with environmental regulations, increase efficiency, and 
reduce costs, New smelter construction where power costs are 
relatively low was expected to continue to replace production at 
high-cost smelters in the United States and elsewhere. 
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ТАВГЕ 1 
SALIENT ALUMINUM STATISTICS! 


(Thousand metric tons unless otherwise specified) 


2008 2009 2010 2011 2012 
United States: 
Primary production: 
Quantity 2,658 1,727 1,726 1,986 2,070 
Value millions $7,062 $3,025 $3,975 $5,083 $4,608 
Price, average, U.S. market, spot cents per pound 120.5 79.4 104.4 116.1 101.0 
Inventories (December 31): 
Aluminum industry? 1,220 937 1,010 1,060 1,140 
London Metal Exchange, U.S. warehouses” 1,290 2,200 2,230 2,360 2,120 
Secondary recovery: 
New scrap 2,130 1,570 1,540 1,640 * 1,830 
Old scrap 1,500 1,260 1,250 1,470 ' 1,440 
Total 3,630 2,820 2,790 3,120 ' 3,270 
Exports, crude, semicrude, and scrap 3,280 2,710 3,040 3,420 3,480 
Imports for consumption, crude and semicrude? 3,710 3,680 3,610 3,710 3,760 
Supply, apparent 6,070 4,890 5,000 5210 ' 5,780 
Consumption, apparent' 3,940 3,320 3,460 3,570 ' 3,950 
World, production 39,700 37,300 ' 41,200 44,400 45,900 * 
"Revised. ae age шшш DI 


'Data are rounded to no more than three significant digits except “Primary production: Quantity and Value” and “Price, average, U.S. 
market, spot.” 


Data from the Aluminum Association Inc.; includes ingot, semifabricated material, and scrap inventory levels for United States and 
Canadian producers. 


‘Includes aluminum alloyed material. 


‘Metallic recovery from purchased, tolled, or imported new and old scrap expanded for full industry coverage. 
Excludes scrap. 


Defined as domestic primary metal production plus secondary recovery plus imports (excluding scrap) minus exports plus 
adjustments for London Metal Exchange (U.S. warehouses) and industry stock changes. 


“Apparent supply less recovery from purchased new scrap. 


TABLE 2 
PRIMARY ANNUAL ALUMINUM PRODUCTION CAPACITY IN THE UNITED STATES, BY COMPANY' 


Yearend capacity 
(thousand metric tons) 


Company and location 2011 2012 Ownership in 2012 

Alcoa Inc.: 

Alcoa, TN 215? -- Alcoa Inc., 100%. 

Evansville, IN (Warrick) 269 269 Ро. 

Ferndale, WA (Intalco) 279 279 Do. 

Massena, NY (St. Lawrence) 125 125 Do. 

Massena, NY 130 130 Do. 

Mount Holly, SC 229 229 Alcoa Inc., 50.396; Century Aluminum Co., 49.7%. 

Rockdale, TX 267 ? 191 2 Alcoa Inc., 100%. 

Wenatchee, МА 184 184 Do. 

Total 1,700 1,410 

Century Aluminum Co.: 

Hawesville, KY 244 244 Century Aluminum Co., 100%. 

Ravenswood, WV 170 ? 170? Do. 

Total 414 414 

Columbia Falls Aluminum Co., Columbia Falls, MT 168 ? 168 2 Glencore International AG, 100%. 
Goldendale Aluminum Co., Goldendale, WA =: -- Private interest, 60%; employees, 40%. 
Noranda Aluminum Holding Согр., New Madrid, MO 263 263  Noranda Aluminum Holding Corp., 100%. 
Ormet Primary Aluminum Corp., Hannibal, OH — — 271° 271  Ormet Corp., 100%. 
Rio Tinto Alcan Inc., Sebree, KY ____196 196 Rio Tinto Alcan Inc., 10096. 

Grand total 3,010" 2,720 aes 


"Revised. Do. Ditto. -- Zero. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
*Temporarily idle at yearend. 
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ТАВГЕ 3 


0.5. CONSUMPTION OF AND RECOVERY FROM PURCHASED 


NEW AND OLD ALUMINUM SCRAP, BY CLASS"? 


"Revised. 


Aluminum 


1,400,000 
1,260,000 
41,400 
5,770 
2,710,000 
2,920,000 


1,470,000 
1,290,000 
70,700 
5,700 
2,840,000 
3,070,000 


"Excludes recovery from other than aluminum-base scrap. 
“Data are rounded to no more than three significant digits; may not add to 


totals shown. 


TABLE 4 


Calculated recovery 


Metallic 


1,500,000 
1,340,000 
44,300 
5,770 
2,890,000 
3,120,000 


1,580,000 
1,370,000 
75,700 
5,700 
3,030,000 
3,270,000 


(Metric tons) 

Class Consumption 

2011: 

Secondary smelters 2,060,000 ' 

Independent mill fabricators’ 1,480,000 
Foundries 50,700 
Other consumers 5,770 
Total’ 3,600,000 
Estimated full industry coverage’ 3,890,000 

2012: 
Secondary smelters 2,160,000 
Independent mill fabricators 1,520,000 
Foundries 85,600 
Other consumers 5,700 
Total 3,770,000 
Estimated full industry coverage 4,080,000 


U.S. STOCKS, RECEIPTS, AND CONSUMPTION OF PURCHASED NEW AND OLD ALUMINUM SCRAP 


Class of consumer and type of scrap 


Secondary smelters: 
New scrap: 
Extrusions 
Can stock clippings 
Other wrought sheet and clippings 


Casting 


Borings and turnings 
Dross and skimmings 


Total 
Old scrap: 


Castings 


Extrusion 


Aluminum cans* 
Other wrought products 
Auto shredder scrap | 


Тога! 
Sweated pig 


Grand total secondary smelters 
See footnotes at end of table, - 


» Google 


AND SWEATED PIG IN 2012" 


(Metric tons) 


Stocks, 
January 1 


18,900 
8,060 
4,640 
2,150 
3,750 ' 

15,900 

53,400 


2,530 
7,610 ' 
28,400 ' 
9,230 ' 
1820 
49,100 " 

55 
103,000 " 


2 


Net 


У 
receipts 


312,000 
110,000 
218,000 
47,900 
122,000 
643,000 
1,450,000 


118,000 
157,000 
161,000 
160,000 
102,000 
698,000 
1,850 
2,150,000 


Stocks, 
Consumption December 31 
312,000 19,300 
110,000 8,140 
218,000 5,030 
48,300 1,810 
122,000 4,250 
645,000 13,200 
1,460,000 51,700 
117,000 3,290 
157,000 7,560 
161,000 28,600 
162,000 7,460 
102,000 1,810 
699,000 48,700 
1,720 183 
2,160,000 101,000 


7 ш Se c RECEIPT баком 


TABLE 4—Continued 
U.S. STOCKS, RECEIPTS, AND CONSUMPTION OF PURCHASED NEW AND OLD ALUMINUM SCRAP 
AND SWEATED PIG IN 2012"? 


VINE UES .———————--—--_—-— 


(Metric tons) 
ee ee eee an с Сана 
Stocks, Net Stocks, 
Class of consumer and type of scrap January 1 receipts’ Consumption December 31 
Integrated aluminum companies, foundries, independent 
mill fabricators, other consumers: 
New scrap: 
Extrusion 731 176,000 175,000 1,190 
Can stock clippings 2,660 162,000 164,000 581 
Other wrought sheet and clippings 8,770 268,000 270,000 6,210 
Casting 243 17,100 17,100 243 
Borings and turnings 414 14,100 14,100 459 
Dross and skimmings 487 4,750 4,800 432 
Total 13,300 641,000 645,000 9,120 
Old scrap: 
Castings 3,750 153,000 152,000 4,540 
Extrusion 831 16,200 16,000 1,010 
Aluminum сапз“ 2,1007 584,000 583,000 2,360 
Other wrought products 381 222,000 212,000 10,600 
Auto shredder scrap 102 2,680 2,470 312 
Total 7,160 ' 978,000 966,000 18,800 
Grand total integrated aluminum companies, etc. 20,500" 1,620,000 1,610,000 27,900 
All scrap consumed: 
New scrap: 
Extrusion NEN 19,600 488,000 487,000 20,500 
Can stock clippings 10,700 272,000 274,000 8,720 
Other wrought sheet and clippings 13,400 486,000 488,000 11,200 
Casting 2,390 65,100 65,400 2,050 
Borings and turnings 4,160 ' 137,000 136,000 4,710 
Dross and skimmings 16,400 ' 647,000 650,000 13,600 
Total 66,700 2,090,000 2,100,000 60,800 
Old scrap: 
Castings 6,280 271,000 270,000 7,840 
Extrusion 8,440 ' 173,000 173,000 8,570 
Aluminum cans* 30,500" 745,000 744,000 30,900 
Other wrought products _ 9,610" 383,000 374,000 18,100 
Auto shredder scrap 1,450 € 105,000 104,000 2,130 
Total 56,3007 1,680,000 1,660,000 67,500 
Sweated pig 55 1,850 1,720 183 
Grand total of all scrap consumed 123,000' 3,770,000 3,770,000 129,000 
"Revised. Mes 


! Includes imported scrap. According to reporting companies, 2.50% of total receipts of aluminum-base scrap, or 96,300 


metric tons, was received on toll arrangements. 


?Data are rounded to no more than three significant digits; may not add to totals shown. 


3Includes inventory adjustment. 


4 i 
Used beverage cans toll treated for integrated producers are included in secondary smelter tabulation. 
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TABLE 5 


PRODUCTION AND SHIPMENTS OF SECONDARY ALUMINUM ALLOYS BY INDEPENDENT SMELTERS 


Diecast alloys: 
13% Si, 360, etc. (0.6% Cu, maximum) 
380 and variations 

Sand and permanent mold: 
95/5 Al-Si, 356, etc. (0.6% Cu, maximum) 
No. 12 and variations 
No. 319 and variations 
F-132 alloy and variations 


Al-Mg alloys 
Al-Zn alloys 
Al-Si alloys (0.6% to 2.0% Cu) 


Al-Cu alloys (1.5% Si, maximum) 
Al-Si-Cu-Ni alloys 
Other 


IN THE UNITED STATES! 


(Metric tons) 


Wrought alloys, extrusion billets 


Miscellaneous: 
Steel deoxidation 
Pure (97.0% AI) 
Aluminum-base hardeners 
Other 
Total 


Less consumption of materials other than Scrap: 


Primary aluminum 
Primary silicon 
Other 


Net metallic recovery from aluminum scrap and sweated 


2011 

Net Net 
Production shipments? Production shipments? 
47,600 46,400 47,000 47,200 
242,000 236,000 195,000 196,000 
51,000 50,000 52,900 53,100 
998 998 998 998 
68,200 66,100 82,800 82,900 
4,770 5,260 4,780 4,620 
7,830 8,010 10,100 9,700 
1,530 1,710 2,290 2,080 
3,450 3,500 3,360 3,400 
2,070 1,950 1,600 1,750 
2,550 3,240 1,850 1,870 
-- 18 154 98 
508,000 ' 510,000 ' 527,000 525,000 
41,700 41,800 32,700 32,700 
W W W W 
W W W W 
39,500 ' 46,700 ' 41,100 36,600 
1,020,000 1,020,000 1,000,000 998,000 
145,000 " XX 129,000 XX 
24,500 ' XX 23,900 XX 
16,100 ' XX 12,900 XX 
835,000 " XX 838,000 XX 


pig consumed in production of secondary aluminum ingot" 


Revised. W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous, other.” XX Not applicable. -- Zero. 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 


“Includes Inventory adjustment. 
‘Includes other diecast alloys. 


"Мо allowance made for melt loss of primary aluminum and alloying ingredients. 


DISTRIBUTION OF END-USE SHIPMENTS OF ALUMINUM PRODUCTS 


TABLE 6 


IN THE UNITED STATES AND CANADA, BY INDUSTRY’ 


ALUMINUM—291 


"Estimated. Preliminary. "Revised. 


2011' 2012" 
Quantity Quantity 

(thousand Percentage (thousand Percentage 
Industry metric tons) of grand total metric tons) of grand total 
Containers and packaging 2,160 21.1 2,110 19.6 
Building and construction _ 1,110 10.9 1,180 11.0 
Transportation — 2,820 27.5 3,220 29.9 
Electrical 798 7.8 860 8.0 
Consumer durables 631 6.2 672 6.2 
Machinery and equipment 682 67 698 6.5 
Other markets — 322 3.1 341 3.1 
o Total  — 8,520 83.3 9,080 84.3 
Exports’ 1,700 16.7 1,690 15.7 
Grandtotal — 10,200 100.0 . . 10:800 — 11 4109 


"Рака аге rounded to по more than three significant digits; тау not add to totals shown. 


Source: The Aluminum Association Inc. 
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TABLE 7 
U.S. NET SHIPMENTS OF ALUMINUM WROUGHT AND CAST PRODUCTS, 
BY PRODUCERS"? 


(Thousand metric tons) 


eg шш ыы ша ашы ыыы —————Á xs Rr 


2010" 2011 2012 

Wrought products: 
Sheet, plate, foil 4,450 4,640 4,770 
Pipe, tube, extruded shapes 1,530 1,620 ' 1,720 
Rod, bar, wire, cable ЕЕ 543 621: 676 
Forgings (including impacts) 96 122' 137 
Powder, flake, paste 64 67 ' 60 
Total 6,680 7,070 ' 7,370 

Castings: 

Sand 147 178 127 
Permanent and semipermanent mold 475 494 589 
Die 949 1,010 1,110 
Other 5 9 34 
Total 1,580 1,690 1,860 
Grand total 8,260 8,760 9,220 


PPreliminary. ‘Revised. 

' Net shipments derived by subtracting the sum of producers’ domestic receipts of each mill 
shape from the domestic industry's gross shipments of that shape. 

?Data are rounded to no more than three significant digits; may not add to totals shown. 
>Wrought products data series includes net shipments in both the United States and Canada. 


Source: The Aluminum Association Inc. 


TABLE 8 
ALUMINUM PRICES 
(Dollars per pound) 
Material | 2011 _ 2012 

Primary aluminum, ауегаре:! 

U.S. market m 1.161 1.010 

London Metal Exchange cash price 1.088 0.916 

NASAAC cash price, average? 1.079 0.907 
Secondary alloy, average: 

A319 (3% Cu) u 1.233 1.100 

A356 (0.2% Cu) 1.255 1.126 

A360 (0.6% Cu) 1.245 1.116 

A380 (3% Zn) 1.175 1.044 
_ A413 (0.6% Cu) 1.247 04117 
Scrap, average: | 

Clean, dry turnings mM 0.757 0.706 

Mixed low-copper-content clips 0.819 0.748 

Old cast 0.768 * 0.733 

Old sheet 0750* . 0707 

Used beverage cans 0.867 |. 0.755 


Source: Platts Metals Week. 


“North American Special Aluminum Alloy Contract (NASAAC). 
Source: American Metal Market. 

Average price for April-December; prices for January through 
March were not available. 
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Class 


Crude and semicrude: 


Metals and alloys, crude 


Scrap 


Plates, sheets, bars, strip, etc. 
Castings and forgings 


Semifabricated forms, n.e.c. 


Total 


Manufactures: 7 


Foil and leaf 


Powders and flakes 
Wire and cable 


Total 


Grand total 


TABLE 9 
U.S. EXPORTS OF ALUMINUM, BY CLASS! 


2011 


Quantity 


(metric tons) 


314,000 
2,140,000 
907,000 
20,900 
36,100 


122,000 
4,660 
43,900 
171,000 
3,590,000 


Value 
(thousands) 


$891,000 
4,050,000 
4,080,000 
317,000 
296,000 
9,640,000 


527,000 
27,700 
187,000 
741,000 
10,400,000 


2012 


Quantity 


(metric tons) 


360,000 
2,040,000 
1,010,000 

23,400 
47,000 
3,480,000 


93,800 
2,970 
42,800 
140,000 
3,620,000 


Value 


(thousands) 


$902,000 
3,490,000 
4,390,000 
335,000 
365,000 


3,420,000 


9,480,000 


424,000 
15,600 
154,000 
594,000 
10,100,000 


"Рака are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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TABLE 10 


U.S. EXPORTS OF ALUMINUM, ВУ COUNTRY! 


Metals and alloys, crude Plates, sheets, bars, etc.” Scrap Total 
Quantity Value Quantity Value Quantity Value Quantity Value 
2011: 
Brazil 42 $598 8,960 $67,700 4,290 $9,240 13,300 $77,600 
Canada 90,800 251,000 372,000 1,550,000 139,000 313,000 602,000 2,120,000 
China 4,490 12,300 32,800 230,000 1,450,000 2,740,000 1,480,000 2,980,000 
France 1,700 6,900 15,600 116,000 109 400 17,400 124,000 
Germany 4,150 13,400 11,000 81,000 723 1,640 15,900 96,100 
Hong Kong 25 123 3,070 21,300 34,500 61,500 37,600 82,900 
Italy 44 186 3,510 43,200 182 353 3,740 43,800 
Japan 2,190 8,680 16,500 187,000 15,600 35,200 34,400 231,000 
Kazakhstan -- -- 3 60 37 83 40 143 
Korea, Republic of 984 4,540 18,800 132,000 198,000 305,000 218,000 442,000 
Mexico 195,000 544,000 291,000 1,260,000 131,000 299,000 617,000 2,110,000 
Netherlands 145 466 1,100 18,100 826 1,800 2,070 20,400 
Philippines 14 44 289 3,690 -- -- 303 3,740 
Russia 4 10 228 1,320 -- -- 232 1,330 
Saudi Arabia 3 53 50,900 187,000 (3) 6 50,900 187,000 
Singapore 776 2,170 3,890 34,700 501 805 5,160 37,700 
South Africa 39 197 159 2,130 -- -- 198 2,330 
Taiwan 2,500 7,910 10,000 56,700 62,900 91,500 75,400 156,000 
Thailand 431 1,060 1,150 14,100 5,840 10,400 7,420 25,500 
Ukraine 2 6 3 43 -- — 5 49 
United Kingdom 2,000 9,070 16,400 135,000 914 1,700 19,300 145,000 
Venezuela 3 11 2,810 13,400 -- -- 2,810 13,400 
Other 8,740 27,900 .. 103,000 529,000 102,000 184,000 214,000 741,000 
Total 314,000 891,000 964,000 4,690,000 2,140,000 4,050,000 3,420,000 9,640,000 
2012: 
Brazil 112 573 11,800 76,800 3,400 5,880 15,300 83,200 
Canada 98,400 244,000 401,000 1,580,000 102,000 216,000 602,000 2,040,000 
China 4,500 14,000 41,500 304,000 1,380,000 2,380,000 1,430,000 2,700,000 
. France 3,270 13,600 20,300 158,000 288 1,210 23,900 173,000 
Germany 3,820 12,400 11,300 96,600 472 1,260 15,600 110,000 
Hong Kong 152 1,120 2,040 14,600 30,100 47,700 32,300 63,400 
Italy 32 290 3,680 43,800 20 32 3,740 44,100 
Japan 948 3,780 17,400 210,000 9,690 25,300 28,100 239,000 
Kazakhstan -- -- 4 33 42 68 46 101 
Korea, Republic of 301 1,990 20,600 152,000 189,000 289,000 210,000 442,000 
Mexico 236,000 572,000 337,000 1,380,000 130,000 266,000 702,000 2,210,000 
Netherlands 46 428 912 14,000 709 1,750 1,670 16,200 
Philippines 23 83 333 4,510 5 12 361 4,610 
Russia 7 38 203 1,790 -- -- 210 1,830 
_ Saudi Arabia 63 159 64,800 220,000 -- -- 64,800 220,000 
Singapore 1,200 3,130 4,340 37,600 268 532 5,800 41,300 
South Africa 22 181 480 4,920 19 30 521 5,130 
Taiwan 2,700 7,340 10,700 61,900 73,600 88,600 87,000 158,000 
Tajikistan -- -- -- -- 39 64 39 64 
Thailand 9 27 1,820 12,700 6,380 8,220 8,200 20,900 
Ukraine |! -- -— (3) 3 -- -- (3) 3 
United Kingdom 987 4,860 17,500 155,000 700 1,030 19,200 161,000 
Venezuela 26 96 969 6,520 -- -- 995 6,610 
Other 7,730 22,200 112,000 557,000 107,000 159,000 226,000 737,000 
2 ECT 360,000 902,000 1,080,000 5,090,000 2,040,000 3,490,000 3,480,000 9,480,000 


i We Pu 
Data are rounded to no more than three significant digits; may not add to totals shown. 


2 * ‹ . 
Includes castings, forgings, and unclassified semifabricated forms. 
?Less than % unit. 


Source: U.S. Census Bureau. 


Google 


U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK—2012 


TABLE 11 
U.S. IMPORTS FOR CONSUMPTION OF ALUMINUM, BY CLASS! 


2011 2012 
Quantity Value Quantity Value 
Class (metric tons) (thousands) (metric tons) (thousands) 
Crude and semicrude: 
Metals and alloys, crude 2,830,000 — $7,390,000 2,900,000 — $6,790,000 
Plates, sheets, strip, etc., n.e.c.” 739,000 2,760,000 682,000 2,460,000 
Pipes, tubes, etc. 26,600 232,000 26,700 231,000 
Rods and bars 114,000 531,000 146,000 620,000 
Scrap 579,000 1,020,000 589,000 905,000 
Total 4,290,000 11,900,000 4,350,000 11,000,000 
Manufactures: 
Foil and leaf? 138,000 585,000 130,000 517,000 
Powders and flakes 11,500 48,000 11,900 47,000 
Wire 166,000 491,000 232,000 644,000 
Total 316,000 1,120,000 374,000 1,210,000 
Grand total 4,600,000 13,100,000 4,720,000 12,200,000 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
“Includes circles, disks, plates, and sheets. 
"Excludes etched capacitor foil. 
Source: U.S. Census Bureau. 
TABLE 12 
U.S. IMPORTS FOR CONSUMPTION OF ALUMINUM, BY COUNTRY! 
Metals and alloys, crude Plates, sheets, bars, etc.” Scrap Total 
Quantity Value Quantity Value Quantity Value Quantity Value 
5 Country (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 
Argentina 106,000 $267,000 14 $221 -- -- 106,000 $267,000 
Australia 33,700 94,000 72 758 38 $72 33,800 94,800 
Bahrain 40 130 19,300 63,400 А - 19,300 63,500 
Belgium 340 1,970 1,480 8,910 284 513 2,100 11,400 
Brazil 36,300 90,900 20,300 63,600 74 143 56,700 155,000 
Canada 1,880,000 4,930,000 312,000 1,190,000 357,000 625,000 2,550,000 6,750,000 
China 1,550 5,500 144,000 480,000 121 410 146,000 486,000 
FS 4,160 12,900 4,840 42,800 ~ > 9,000 5100 
Germany 1,370 6,340 80,600 406,000 1,250 2,840 83,200 416,000 
шу. 571 1,230 5,200 37,300 467 434 6,240 39,000 
P | 628 1,470 7,420 53,100 517 1,330 8,570 55,900 
Korea, Republic of 8,540 13,700 3,190 18,300 208 312 11,900 32,300 
мао 19,800 70,900 29,100 160,000 136,000 235,000 185,000 466,000 
XS erlands 522 2,240 1.170 8,350 446 757 2,140 11,400 
dee 1,760 4,020 84 1,130 26 108 1,870 5.260 
Jem 886 1,880 ~ = 2,780 5,160 3,660 7,030 
nes 221,000 570,000 13,700 64,300 я -- 235,000 634,000 
dis d 3.390 18.000 ne == 3,390 18,000 
SARI 14,100 36,600 51,800 192,000 - - 65,900 228,000 
EU 451 2,010 138 959 - = 589 IO 
4,450 11.500 = 55 За == 4,450 11,500 
те Arab Emirates 242,000 662,000 2 33 1,030 1,920 243,000 664,000 
пр LET 15,600 35,200 5.250 28,100 9,100 16,700 29,900 80,000 
Other 141,000 330,000 978 2,670 2,070 4,370 144,000 d 
Mi t 89,900 — 239,000 176,000 684,000 67,600 126,000 333,000 — 1,0500 
2,830,000 7,390,000 880,000 3,520,000 579,000 1,020,000 4,290,000 — 11,900,000 


See footnotes at end of table. 
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Country 
2012: 


Argentina 
Australia 
Bahrain 
Belgium 
Brazil 
Canada 
China 
France 
Germany 
Italy 

Japan 
Korea, Republic of 
Mexico 
Netherlands 
Norway 
Panama 
Russia 
Slovenia 
South Africa 
Spain 
Tajikistan 
Ukraine 


United Arab Emirates 


United Kingdom 
Venezuela 
Other 
Total 
-- Zero. 


—- = — Ме M À— a 


Quantity 


(metric tons) 


71,500 
26,400 
25,900 

798 
9,200 
1,910,000 
1,310 
3,670 
761 
5.940 
40 
15,500 
35,600 
1,300 
6,610 
790 
291,000 
4,580 
540 
13,900 
5.310 
254,000 
654 
46,000 
163,000 
2,900,000 


Metals and alloys, crude 


Value 


(thousands) 


169,000 
63,100 
62,400 
3,590 
21,600 
4,390,000 
4,810 
11,400 
3,670 
12,300 
113 
35,200 
218,000 
5.050 
15,800 
1,430 
652,000 
21,600 
2,160 
26,200 
10,400 
602,000 
2,780 
93,000 
371,000 

6,790,000 


TABLE 12—Сопипџед 
U.S. IMPORTS FOR CONSUMPTION OF ALUMINUM, BY COUNTRY! 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


"includes circles, disks, pipes, rods, tubes, etc. 


Source: U.S. Census Bureau. 


Google 


Plates, sheets, bars, etc.” Scrap 

Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) 
4 81 ~- -- 
47 650 40 59 
23,500 71,900 14 5 
2,350 13,100 193 311 
18,300 51,200 2,860 1,120 
293,000 1,060,000 350,000 531,000 
109,000 376,000 166 335 
4,190 38,500 38 145 
80,300 397,000 216 414 
5,620 35,900 774 809 
4,270 46,300 1,660 1,970 
3,800 20,300 1,040 537 
30,400 155,000 128,000 199,000 
1,160 7,550 552 791 
63 1,030 -- -- 
158 605 3,340 5,370 
15,000 67,200 -- -- 
3,350 17,000 -- -- 
59,200 197,000 -- -- 
299 2,280 56 92 
1 21 -- -- 
13 204 1,170 1,840 
11,800 50,300 7,060 11,200 
651 1,320 2,600 5,310 
189,000 702,000 88,800 145,000 
855,000 3,310,000 589,000 905,000 


Total 
Quantity Value 

(metric tons) (thousands) 
77,500 169,000 
26,500 63,800 
49,400 134,000 
3,340 17,000 
30,400 73,900 
2,550,000 5,970,000 
111,000 381,000 
7,890 50,000 
81,300 401,000 
12,300 49,000 
5,970 48,400 
20,300 56,100 
194,000 572,000 
3,000 13,400 
6,680 16,800 
4,290 7,400 
306,000 719,000 
3,350 17,000 
63,800 218,000 
895 4,530 
13,900 26,200 
5,310 10,400 
256,000 604,000 
19,500 64,200 
49,300 99,600 
440,000 1,220,000 
4,350,000 — 11,000,000 
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Country 
Argentina 
Australia 
Azerbaijan 
Bahrain 


Bosnia and Herzegovina’ 
Brazil 

Cameroon 

Canada 


Indonesia 
Iran‘ 

Italy" 

Japan 
Kazakhstan 
Malaysia 
Montenegro 
Mozambique 
Netherlands" 
New Zealand 
Nigeria 
Norway 
Oman 
Poland' 
Qatar 
Romania" 
Russia 

Saudi Arabia 
Slovakia 


Slovenia’ 
South Africa 
Spain: 
Sweden 
Tajikistan 


Turkey* 

Ukraine 

United Arab Emirates 

United Kingdom 

United States 

Venezuela 
Total 

‘Estimated. ‘Revised. -- Zero. 


—————————— 


—————— 


! World totals and estimated data are rounded to no more t 


?Primary aluminum is define 
alloying materials as well as t 
International reporting pra 
definition and others using different d 
specifically in the source publication, 
available through May 6, 2013. 
Reported figure. | 
‘Primary ingot plus secondary ingot. 
‘primary unalloyed metal plus primary a 


» Google 


TABLE 13 
ALUMINUM, PRIMARY: WORLD PRODUCTION, BY COUNTRY"? 


(Thousand metric tons) 


2008 
394 
1,974 
62" 
872 
123 * 
1,661 
9] 
3,120 
13,200 
260 


326 

2,658 
608 ' 

39,700 


ctices vary from country to country, 


2009 
410 
1,943 
848 
96 
1,536 
73 
3,030 
12,900 


50 
1,010 
253 
1,727 
561" 
37,300 ' 


2010 
412 
1,928 
851 
118 
1,536 
76 
2,963 
16,200 
266 
356 


25 
1,400 
186 
1,726 
335 
41,200 


2011 
440 * 
1,945 
20 re 
881 
131 
1,440 
69 
2,984 ' 
18,100 
265 * 
334 
432 € 
35 “ 
132“ 
781" 
1,667 
244 " 
270" 
168 
48 ' 
249 
80 ' 
93.7 
562 
300 
354 ' 
18 
Ll 
373 € 
450 ' 
261 
3,912 * 
163 ' 
40 * 
809 


1,800 * 
213 
1,986 

380 ' 
44,400 


Поуед metal, thus including weight of alloying material. 


2012* 
450 
1,864 ? 
54 
890 ? 
126 
1,436 ? 
52 
2,781 ? 

20,300 
265 
349 
410 ? 
100 
135 
820 

1,700 
250 
320 
110 
50 
249 3 
120 
80 
564 3 
150 
3273 
26 3 
11452 
360 
604 3 
249 3 
3,845 3 
5 
161 
40 
665 3 
230 
129 
273 3 
60 
1,820 
60 3 
2,070 3 
200 
45,900 


han three significant digits; may not add to totals shown. 


d as “The weight of liquid aluminum as tapped from pots, excluding the weight of any 
hat of any metal produced from either returned scrap of remelted material." 
some nations conforming to the foregoing 
efinitions. For those countries for which a different definition is given 

the definition is provided in this table by a footnote. Table includes data 
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ANTIMONY 
By James Е. Carlin, Jr.! 


Domestic survey data and tables were prepared by Hoa P. Phamdang, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


In the United States, one company in Montana produced 
primary antimony metal and antimony oxide by upgrading 
imported antimony trioxide. Secondary antimony was recovered 
in lead alloys from scrapped lead-acid batteries at secondary 
lead smelters. 

In 2012, about 30% of the primary antimony used in the 
United States was in flame retardants; most of the rest was used 
in ceramics, glass, and lead-base alloys (table 3). Secondary 
antimony, which was derived almost entirely from recycled 
lead-acid batteries and contained in antimonial lead, was used in 
the manufacture of new batteries. 

Antimony was mined as a principal product or was a 
byproduct of the smelting of base-metal ores in nine countries. 
Nearly all the world's primary antimony was mined in China 
(83%). Canada and Russia (4% each), were the next two leading 
producers (table 9). 


Production 


Mine.—There was no known domestic production of primary 
antimony in 2012. First Liberty Power Corp. (FLPC) (Las 
Vegas, NV) planned to construct a mill to upgrade the ore at 
its recently acquired Fencemaker antimony project to about 
6076 antimony, with mining and milling expected to start by 
June 2013. In August 2012, FLPC acquired a 40.5% interest 
in the Fencemaker property, 60 kilometers (km) southwest 
of Lovelock, NV. Fencemaker began producing antimony in 
the 1880s, with intermittent production until the 1990s. The 
property consists of unpatented contiguous mining claims that 
cover a total of 40 hectares (100 acres) (First Liberty Power 
Corp., 2012, p. 5-6). 
Midas Gold Corp. (Vancouver, British Columbia, Canada) 
announced assay results from three exploration holes drilled 
at the Scout prospect at its Golden Meadows project in the 
Stibnite- Yellow Pine District, ID, and planned to drill more 
targets later in 2012 and into 2013. Drill results indicated grades 
ranging from 0.14% to 2.96% antimony. The Scout prospect was 
first discovered in the 1940s, after the U.S. Geological Survey 
(USGS) and U.S. Bureau of Mines outlined a large antimony 
and gold biogeochemical anomaly (Midas Gold Corp., 2012). 
Smelter.—The United States has only one antimony smelter, 
US. Antimony Corp. (USAC) (Thompson Falls, MT). USAC 
produced antimony metal for bearings, lead alloys, and PEN 
ordnance; antimony oxide as a raw ues ая MN ants; 
and sodium antimonite for glass and other applications. 
USAC also recycled antimony-containing products that would 


otherwise be discarded. 


ld 


'Deceased. 
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Consumption 


Of the 114 companies to which a USGS antimony 
consumption survey was sent, 83 firms responded. Consumption 
data were estimated for the remaining 31 firms. In 2012, 
consumption (reported and estimated) of primary antimony was 
the same as that in 2011. 

Lead-antimony alloys were used in ammunition, antifriction 
bearings, cable sheaths, corrosion-resistant pumps and pipes, 
roof sheet solder, and tank lining. Antimony trioxide was used 
to enhance the flame-retardant properties of plastics, rubber and 
textiles, and other combustibles. Antimony also was used as 
a decolorizing and refining agent in the manufacture of some 
forms of glass, such as optical glass. 


Prices 


In 2012, the average Platts Metals Week New York dealer 
price of antimony was $5.65 per pound, a decrease of 1394 
compared with that in 2011 (table 1). The antimony price range 
started the year at $5.50 to $5.90 per pound, increased to $6.20 
to $6.45 per pound by June, and then declined to $5.15 to $5.45 
per pound at yearend. 


Foreign Trade 


U.S. imports of antimony in 2012 were, as has been the 
case in the recent past, much larger than exports—about five- 
fold larger (tables 5-8). Imports of antimony in concentrates 
and oxide were 22,600 metric tons (t), a decrease of 4% 
compared with that in 2011. China was the leading supplier 
to the United States of antimony metal and antimony 
oxide (tables 7—8). 


World Review 


Burma.— Tri-Star Resources plc (London, United Kingdom), 
an integrated antimony exploration and development company, 
entered into an agreement to provide technical collaboration 
and advice to RDP Singapore Ltd. (Singapore) on its antimony 
projects in Burma, which include exploration rights to property 
surrounding two existing mines. Tri-Star planned to complete 
geologic and metallurgical assessments within | year 
(Tri-Star Resources plc, 2012). 

Canada.—The Beaver Brook Mine in central Newfoundland 
had been the leading antimony producer in North America, but 
was shut down in the fourth quarter of 2012 by its owner, Hunan 
Nonferrous Metals Corp. Ltd. (Zhuzhou, Hunan Province, 
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China), owing to ore depletion. Plans were being developed to 
explore for additional resources. Great Atlantic Resources Corp. 
(Vancouver) (formerly Greenlight Resources Inc.) reached an 
option agreement with Atlantic Antimony Ltd. (a subsidiary 

of Hunan Nonferrous Metals) to purchase the Rawdon Hills 
antimony-gold property that was adjacent to the West Gore 
property (Great Atlantic Resources Corp., 2012a, c). 

Great Atlantic acquired the Lansdowne antimony-gold 
property in Digby County, Nova Scotia, which comprised 354 
claims covering more than 5,670 hectares. The company also 
signed a letter of intent with Elk Exploration Ltd. to acquire 
the West Gore antimony-gold mine and planned to complete a 
National Instrument 43—101-compliant feasibility study on the 
property. The mine, which had produced antimony in the 1980s, 
is 45 km northeast of Halifax, Nova Scotia, and comprises 
claims totaling 1,186 hectares (Great Atlantic Resource Corp., 
2012b, d). 

Randsburg International Gold Corp. (Vancouver) agreed to 
acquire a 90% stake in the Pokiok Settlement antimony, gold, 
and tungsten project in New Brunswick from an unnamed 
owner. Under the terms of the memorandum of understanding, 
Randsburg would have the right to acquire up to a 90% 
interest in 30 claims comprising 688 hectares. The claims were 
contiguous to the former Lake George antimony mine, which 
was in production from 1970 to 1989 and was the leading 
producer of antimony in North America during its operation 
(Reuters, 2012). 

China.—The Chinese Government set export quotas of 
7,128 t of antimony metal and 33,544 t of antimony trioxide in 
the first half of 2012 and revised them to 5,941 t of antimony 
metal and 20,965 t of antimony trioxide in the second half of 
2012 (Metal-Pages, 2012). 

In China, three antimony smelters in Hechi and Nanning 
Prefectures (in Guangxi Province) received notices from 
the municipal governments to upgrade their smelting and 
wastewater treatment facilities as a result of cadmium 
emissions. One antimony smelter in Nanning reportedly elected 
to shut down its facilities because they were outdated, and the 
operator could not afford the upgrade (Mining J ournal, 2012). 

Mexico.—In January, USAC completed construction of its 
delayed Puerto Blanco combined flotation and gravity mill in 
Guanajuato that started production in February. The mill had 
the capacity to produce 150 metric tons per day of 50%- to 
60%- antimony-content concentrate, which also contained gold 
and silver. USAC transported ore from its nearby Los Juarez 
Mine to feed the new mill. Concentrate from Puerto Blanco 
was transported to USAC's Madero sulfide and oxide smelter in 
Coahuila State to produce antimony trioxide for use in catalysts, 
ceramics, and flame retardants (U.S. Antimony Corp., 2012a, b). 

During the year, USAC continued to ramp up its mill in 
Guanajuato and refurbish its smelter in Coahula. By May, 
USAC’s Puerto Blanco mill was shipping sulfide flotation 
concentrates and gravity oxide concentrates to the smelter. Ore 
to the concentrator was being supplied by more than seven | 
antimony properties. In addition to the Los Juarez Mine, which 
USAC operated, the company had supply agreements with 
the rest of the properties, with options to buy two of them. 
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Four furnaces were operating at the Madero smelter, three of 
which were being retrofitted to increase production and process 
sulfide concentrates. The furnaces had been designed to handle 
low-grade antimony oxide ore, which predominates in Mexico. 
A large precrusher was being installed to handle oversize rock 
from the Los Juarez Mine (U.S. Antimony Corp., 2012a). 
Russia.—GeoProMining Ltd. (Moscow) operated exploration 
projects and mines in several countries including Armenia, 
Georgia, and Russia. The focus of its activity was on mine 
acquisition and exploration for antimony, copper, gold, 
molybdenum, and silver. In 2011, GeoProMining was the 
leading antimony producer outside of China, with most of its 
production coming from Russia. Antimony accounted for about 
25% of the company’s total revenue. In 2011, the company 
produced 6,350 t of antimony and planned to increase output by 
30% by 2014. GeoProMining produced a concentrate containing 
66% antimony and shipped it via the Magadan seaport in 
Russia’s Far East to customers in China (Khrennikov, 2012). 
Turkey.—Tri-Star Resources announced that an independent 
geologic assessment of the Goynuk antimony deposit in 
Turkey indicated approximately 350,000 t averaging 1% to 3% 
antimony. The Government granted Tri-Star an environmental 
permit for a processing facility with a capacity of 14,400 
metric tons per year of ore. The company reported that it had a 
nonbinding letter of intent from an existing joint-venture partner 
in the United Arab Emirates to provide up to $30 million of 
working capital to construct an antimony roaster. A construction 


permit was received for the roaster site preparation work 
(Cammell, 2012). 


Outlook 


The use of antimony in flame retardants was expected to 
remain its principal use, globally as well as in the United States. 
Antimony recovered from scrap has long been an important part 
of the total domestic antimony supply. Recovery, however, is 
limited to the quantity contained in end-of-life batteries. Since 
2001, a typical automotive lead-acid battery has contained a 
maximum of 0.6% antimony. 

In recent years, lead-acid battery manufacturers have initiated 
research and development programs that could ultimately lead 
to significant changes in lead-acid battery design. This research 
has already yielded performance improvements that would make 
lead-acid batteries viable options for future generation vehicles. 
The introduction of new lead-acid battery technologies for 
use in the hybrid vehicle market likely will require a different 
amount of lead per battery than conventional lead-acid batteries 
and could eventually reduce or eliminate the use of antimony in 
lead-acid batteries. 

Although production has declined in China and its antimony 
reserves may be declining, numerous antimony prospects around 
the world are being explored and developed, and future supplies 
of antimony are expected to be sufficient to meet demand. 
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TABLE 1 
SALIENT ANTIMONY STATISTICS! 


(Metric tons of antimony content unless otherwise specified) 


2008 2009 


2010 2011 2012 

United States: —— а = 

Mine production i =: 2 = - У 
_ Smelter production: 

Primary NR N wo CNN. T 

Secondary 3,180 3,020 3,520 3,230 3.730 
Еуро: — O 
_ Metal, alloys, waste and scrap gross weight 366 385 427 581 847 
"Antimony oxide” _ а Wt 1,830 1710 — 2420 3,590 3.870 
| Imports for consumption | | 29,000 __ 20,200 — 26,200 23,500 22,600 

ss og T ши жш мш 
и нек CHER ‚ all classes, December 31 , — , , А 6 
i „Зека, prinuy — cents per pound 279.5 235.6 401.2 650.3 564.5 
_ псе, average — — : 185,000 " — 154,000 178,000" 183,000 174,000 € 


World, mine production — — 
*Estimated. ‘Revised. W Withhel 
!Data are rounded to no more tha 
?Antimony content data were calc 
New York dealer price for 99,5% 


n three significant digits, except prices. 
ulated by the U.S. Geological Survey. 
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d to avoid disclosing company proprietary data. -- Zero. 


to 99.6% metal, cost, insurance, freight U.S. ports. 
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ТАВГЕ 2 
REPORTED INDUSTRIAL CONSUMPTION OF 
PRIMARY ANTIMONY IN THE UNITED STATES’ 


(Metric tons of antimony content) 


Class of material consumed 2011 2012 
Metal 1,4907 1,540 
Oxide 7,160* 6,600 
Other? 1,540" 2,040 

Тога! 10,200 10,200 
"Revised. 


"Data are rounded to no more than three significant 
digits: may not add to totals shown. 


*Includes residues and sulfide. 


TABLE 3 
REPORTED INDUSTRIAL CONSUMPTION OF PRIMARY ANTIMONY IN THE 


UNITED STATES, BY PRODUCT! 


(Metric tons of antimony content) 


Product 2011 2012 
Metal products: 
Antimonial lead W W 
Bearing metal and bearings 20 13 
Solder 34° 40 
Other? 29907 —— __ 3,590 
Тога! 3,040 ' 3,650 
Nonmetal products: 
Ammunition primers W W 
Ceramics and glass W W 
Pigments 393 € 371 
Plastics W W 
Other’ 3,330 3,160 
Total 3,720 3,530 
Flame retardants: 
Adhesives MON 139 79 
Plastics | 3,000 * 2,690 
Rubber 39 39 
Textiles 253 _ 195 
BEN NM 3,430 ' 3,000 
Grand total 10,200 10,200 


"Revised. W Withheld to avoid disclosing company proprietary data; included in “Other.” 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
“Includes ammunition, cable covering, castings, sheet and pipe, and type metal. 

*Includes fireworks and rubber products. 
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TABLE 4 
INDUSTRY STOCKS OF PRIMARY ANTIMONY IN 
THE UNITED STATES, DECEMBER 31! 


(Metric tons of antimony content) 


Type of material 
Metal 
Oxide 
Other? 
Total 
"Revised. 


2011 


183 € 

840 " 

408 
1,430 


2012 
116 
886 
431 

1,430 


"Data are rounded to no more than three significant digits; 


may not add to totals shown. 


2 А 
Includes ore and concentrate, residues, and sulfide. 


TABLE 5 
U.S. EXPORTS OF ANTIMONY METAL, ALLOYS, AND WASTE AND SCRAP, 
BY COUNTRY! 
2011 2012 
Gross weight Value Gross weight Value 
Country (metric tons) (thousands) (metric tons) (thousands) 
Argentina -- -- 11 5136 
Сапада 159 $812 57 318 
China 19 82 l 10 
Egypt 9 129 | 30 
Germany 3 9 9 29 
Guatemala | 18 15 49 
India 14 44 ка da 
Japan 19 58 1 19 
Korea, Republic of 48 303 138 348 
Mexico 56 1,160 438 2,080 
Netherlands 100 601 = a 
Poland 13 41 17 54 
Taiwan 21 69 21 64 
United Kingdom 4 83 34 105 
Venezuela 104 2,030 86 973 
Other _______ 11" 96 ' 18 95 
“Soa: O 581 5,530 847 4,310 


‘Revised. -- Zero. 


Раш are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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U.S. EXPORTS OF ANTIMONY OXIDE, BY COUNTRY! 


TABLE 6 


!Data are rounded to no more than three significant digits; may not add to totals shown. 
? Antimony content data were calculated by the U.S. Geological Survey. 


Source: U.S. Census Bureau. 
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2011 2012 
Antimony Antimony 
Gross weight content’ Value Gross weight content” Value 
Country (metric tons) (metric tons) (thousands) (metric tons) (metric tons) _ (thousands) 
Australia 66 55 $341 17 14 $110 
Belgium 11 9 49 209 173 1,140 
Brazil 24 20 115 15 12 90 
Canada 228 189 1,510 195 162 1,320 
Chile 81 67 263 18 15 74 
China 123 102 928 251 208 1,200 
Colombia 376 312 1,380 434 360 2,240 
Costa Rica 181 150 495 88 73 592 
France 30 25 112 65 54 177 
Germany 316 262 2,070 229 190 879 
Hong Kong 19 16 58 84 70 223 
India 10 8 28 4 3 20 
Indonesia 30 25 247 117 97 991 
Israel 47 39 554 -- — -- 
Кају 88 73 388 27 22 241 
Јарап 229 190 1,220 333 276 2,020 
Korea, Republic of 278 231 824 571 474 1,670 
Mexico 1,160 963 3,740 1,140 945 3,760 
Netherlands -- -- — 61 51 359 
Peru 129 107 336 10 8 25 
Singapore 125 104 466 105 87 518 
South Africa 5 4 17 8 7 43 
Switzerland -- -- -- 179 149 742 
Taiwan 106 88 756 348 289 2,580 
Thailand 43 36 113 19 16 50 
United Kingdom 425 353 1,290 29 24 245 
Venezuela 175 145 456 95 79 368 
Other 17 14 50 9 _ 9 62 
Тога] 4,320 3,590 17,800 4,660 3,870 21,700 
-- Zero. 


ТАВГЕ 7 
U.S. IMPORTS FOR CONSUMPTION OF ANTIMONY, ВУ CLASS AND COUNTRY’ 


2011 2012 
Antimony Antimony 
Gross weight content? Value Gross weight content? Value 
ГРИН Country (metric tons) — (metrictons) (thousands) (metric tons) (metric tons) (thousands) 
Antimony ore and concentrate: 
Bolivia | l 1 $9 -- - ЗА 
Сапада (3) (3) 11 (3) (3) $2 
СЫпа 61 56 381 120 100 890 
Јарап 5 4 54 41 19 153 
Italy 340 223 3,680 362 261 3,730 
Other 15 4' 16“ -- cx = 
Тога! 420 288 4,150 523 380 4,780 
Antimony oxide: 
Belgium 2,100 1,750 24,500 1,530 1,270 18,600 
Bolivia 1,270 1,050 15,600 1,970 1,640 15,300 
Chile -- -— -- 221 184 1,840 
China 15,600 12,900 139,000 14,100 11,700 109,000 
France 37 31 459 455 378 5,440 
Hong Kong -~ -- -- 60 50 669 
India -- -- — 13 11 161 
Japan 365 303 2,400 542 450 3,040 
Mexico 1,210 1,010 11,500 1,250 1,040 16,500 
Taiwan 171 142 1,060 38 32 272 
Thailand 1,170 973 2,340 460 382 920 
United Kingdom (3) (3) 26 43 35 473 
Other (3) (3) Lt 11 7 93 
Total 21,900 18,200 197,000 20,700 17,200 172,000 
‘Revised. -- Zero. 


"Раја are rounded to no more than three significant digits; may not add to totals shown. 


Antimony ore and concentrate content reported by the U.S. Census Bureau. Antimony content of oxide data were calculated by the 
U.S. Geological Survey. 


; Less than № unit. 


Source: U.S. Census Bureau. 


TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF ANTIMONY METAL, BY COUNTRY! 


2011 2012 
Quantity Value Quantity Value 
Country (metric tons) (thousands) _ (metric tons) (thousands) 
Belgium 94 $655 -- За 
Bolivia 67 794 37 $408 
Canada (2) 205 2 312 
China 3,620 47,800 3,760 46,100 
] 144 1,680 
Hong Kon 5T 81 ^ 
Садаланан 607 8,120 745 8,410 
Јарап 97 341 81 318 
Мех s 309 686 149 300 
40 595 -- a 
Netherlands 
; 142 596 88 1,070 
United Kingdom 
TS -- -- 50 596 
Vietnam у Tm М és 
Ота. 5,040 60,700 5,050 59.200 
0 


Г . 

Revised. -- Zero. пол ri 
: ot add to totals shown. 

!Data are rounded to no more than three significant digits; may n 


?Less than 4 unit. 


Source: U.S. Census Bureau. 
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ANTIMONY: WORLD MINE PRODUCTION, BY COUNTRY"? 


(Metric tons, antimony content unless otherwise specified) 


Country? 2008 2009 2010 2011 2012* 
Australia’ 1,500 * 1,000 * 1,106 ' 1,577 € 2,481 5 
Bolivia 3,905 2,990 4,980 3,947 4,000 
Сапада“ 132 64: 9,000 • 10,000 • 7,000 
China* 166,000 140,000 150,000 150,000 145,000 
Kyrgyzstan" 700 € 700 ' 700 ' 1,500 * 1,500 
Peru 531 145 ' -~ -~ ES 
Russia" 3,500 3,500 6,040 " 6,348 ^? 6,500 
South Africa" 3,983 2,673 3,700 * 4,700 * 3,800 
Tajikistan 2,000 2,000 2,000 2.000 2,000 
Turkey" 2,700 ' 1,400 ' 650 ' 3,400 ' 1,900 
Тога] 185,000 : 154,000 178,000 € 183,000 "€ 174,000 
“Estimated. ‘Revised. -- Zero. 


"World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
Table includes data available through June 27, 2013. 


З addition to the countries listed, antimony may have been produced in Iran, but information is inadequate to estimate output. 


“Antimony content of antimony ore and concentrate, lead concentrates, and lead-zinc concentrates. 
‘Reported figure. 
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ARSENIC 
By George M. Bedinger 


Domestic tables were prepared by Samir Hakim, statistical assistant, and the world production table was prepared by Lisa 


D. Miller, international data coordinator. 


In 2012, the United States produced no arsenic and relied 
mainly on Morocco and China, the leading and second ranked 
import sources, respectively, for arsenic trioxide and on China 
for arsenic metal. In 2012, estimated world production of 
arsenic trioxide was 46,700 metric tons (t). Production figures 
were not available for arsenic metal in 2012. No arsenic 
trioxide or commercial-grade arsenic metal has been produced 
domestically since 1985 following the closure of the ASARCO 
Inc. copper smelter in Tacoma, WA. Arsenic trioxide was 
used mostly for the production of arsenic acid used in the 
formulation of chromated copper arsenate (CCA), a pesticide 
and preservative used to treat wood products for nonresidential 
applications such as utility poles, posts, guard rails, pilings, and 
railroad ties. Arsenic metal was used for electronics applications 
and in nonferrous alloys. 


Legislation and Government Programs 


In 1975, the Safe Drinking Water Act mandated that the U.S. 
Environmental Protection Agency identify and regulate drinking 
water contaminants, including arsenic, that may have adverse 
effects on human health. The maximum contaminant level 
(MCL) for arsenic was established at 50 parts per billion (ppb) 
and in 2001, was revised to 10 ppb. 

In May, Maryland enacted legislation prohibiting the sale and 
use of roxarsone, or any other additive that contained arsenic, 
for use as a poultry feed additive. Roxarsone, an organic arsenic 
compound produced by Pfizer, Inc., and marketed as 3-Nitro® 
Was known for its ability to kill parasites and promote growth 
In chickens, Pfizer suspended the sale of roxarsone in the 
United States in July 2011 in response to a finding by the Food 
mae Administration (FDA) that chickens that ate feed 
ЁС with roxarsone had high levels of arsenic in their livers. 

* Maryland law took effect on January 1, 2013 (U.S. Food 
and Drug Administration, 201] ; Larsen, 2012). 


Environmental and Human Health Issues 


oed _ ва occurring element that may be present 
Шен. Uu У a result of weathering of arsenic-containing 
and smelting: as ry М А processes ог released by mining 
in orchards: in wast > rom arsenic-containing pesticides used 
Production: as Е ewater runoff from glass and electronics 
underground coal Dis НИ coal-fired powerplants or 
те of the попса (бије em volcanic eruptions. In humans, 
blindness, diarrhea, discolo Ss e a iM изе псе 
Mausea, stomach pain and anti и. кока d 
85 been linked i5 O : 8. Fro onged arsenic exposure 
of the bladder, kidney, liver, lungs, and 


Prostate (A : , 
2007, " oe for Toxic Substances and Disease Registry, 
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In February, the FDA announced the results of data collection 
on the arsenic content in pear juice. From 2005 to 2011, 
the FDA analyzed 142 samples of pear juice and pear juice 
concentrate. Of those samples, 23 had levels of inorganic 
arsenic at or above 23 ppb, the level of concern for inorganic 
arsenic in pear juice. In each of these cases, the product was 
either recalled, refused entry into the United States, or the FDA 
sent a warning letter to the producer of the juice. The FDA was 
considering setting a guidance level for arsenic in pear juice 
and pear juice concentrate (U.S. Food and Drug Administration, 
20122). 

In September, the FDA released the analytical results of 
nearly 200 samples of rice and rice products that were analyzed 
for arsenic content. Based on available data and scientific 
literature, the FDA did not recommend consumers change their 
consumption of rice and rice products. The FDA planned to 
collect and analyze more than 1,000 additional rice and rice 
product samples and post the data as results became available 
(U.S. Food and Drug Administration, 2012b). 

Several U.S. Geological Survey (USGS) Scientific 
Investigation Reports issued in 2012 addressed the occurrence 
of arsenic in drinking water. USGS Scientific Investigation 
Report 2011—5220 outlined a comprehensive analysis of 
drinking water well samples in New England, New Jersey, and 
New York. USGS Scientific Investigation Reports 2012—5065 
and 2012—5156 addressed the construction of data models to 
predict concentrations of arsenic in aquifers and wells (Flanagan 
and others, 2011, p. 45; Anning and others, 2012, p. 1, 73; 
Ayotte and others, 2012, p. 2, 13). 


Consumption 


Apparent domestic consumption for arsenic, based on net 
imports, was about 6,180 metric tons (t) in 2012, a 26% increase 
from 4,910 t in 2011. The estimated value of arsenic compounds 
and metal consumed domestically in 2012 was approximately 
$6.5 million. 

Domestic consumers of arsenic trioxide to produce CCA were 
Arch Chemicals, Inc. (Norwalk, CT), Osmose Wood Preserving, 
Inc. (Buffalo, NY), and Viance LLC (Charlotte, NC). 

Arsenic metal was used, along with antimony, to harden 
ammunition, in solders, and in other applications. Grids and 
posts in lead-acid storage batteries are strengthened by the 
addition of arsenic metal. Arsenic is one of several metals used 
as an antifriction additive in babbitt metals (alloys that are used 
for bearings). 

High-purity (99.999996) arsenic metal was used to produce 
gallium-arsenide (GaAs), indium-arsenide (InAs), and indium- 
gallium-arsenide semiconductors that were widely used in 
biomedical, communications, computer, electronics, and 
photovoltaic applications. Arsenic may be used for germanium- 


7.1 


arsenide-selenide or GaAs specialty optical materials. Based on 
the reported consumption of gallium, about 25 t of arsenic was 
consumed domestically to produce GaAs integrated circuits in 
2011. The value of worldwide GaAs device consumption was 


$5.3 billion in 2012, a slight increase from $5.2 billion in 2011 
(Higham, 2013). 


Prices 


There was little change in the overall arsenic market 
throughout 2012 compared with that in 2011. According to U.S. 
Census Bureau data, the value of arsenic trioxide originating 
from Morocco ranged from $0.43 to $0.57 per kilogram in 2012. 
Global prices for 99%-риге arsenic metal in 2012 ranged from 
$0.68 to $0.78 per pound in January, increasing slightly to a 
range of $0.75 to $0.85 per pound by February, and increasing 
to a range of $0.78 to $0.95 per pound in November where they 
remained through yearend (Metal-Pages, 2013). 


Foreign Trade 


In 2012, domestic imports of arsenic compounds were 5,740 t 
contained arsenic, an overall increase of approximately 15% 
compared with the 4,990 t imported in 2012. Arsenic trioxide 
contains about 76% arsenic. In 2012, Morocco was the source of 
62% of the arsenic trioxide imported into the United States, China 
was the source of 2596, and Belgium was the source of 10%. 

In 2012, the United States imported 883 t of arsenic metal, a 
41% increase compared with the 628 t of arsenic metal imported 
in 2011. China was the leading source of arsenic metal in 2012, 
accounting for 86% of U.S. metal imports. 

Exports of arsenic metal from the United States in 2012 
decreased to 439 t from 705 t in 2011. Export destinations 
included Honduras (31%), France (2196), Guatemala (15%), 
and Colombia (996). Because the United States did not produce 
arsenic metal, it was thought that much of the material reported 
as metal under the Harmonized Tariff Schedule code 24808 
was arsenic-containing compounds and waste. The exports also 
may have included arsenic-containing electronic waste, such 
as circuit boards and other electronic components destined for 
reclamation and recycling. Therefore, actual exports of arsenic 
metal may be significantly less than reported. 


World Review 


In 2012, commercial-grade arsenic trioxide was thought to 
have been recovered from processing of nonferrous ores or 
concentrates in eight countries. Reduction of arsenic trioxide 
to arsenic metal accounted for all world output of commercial- 
grade (99%-pure) arsenic metal. Arsenic-containing residues 
and smelter dusts recovered from nonferrous metals plants 
in several countries may not have been processed to recover 
commercial-grade arsenic trioxide in 2012 and may have 
been stockpiled for future treatment. Production data for most 
countries were estimated. 

In 2012, China produced approximately 26,000 t of arsenic 
trioxide and remained the world's leading producer followed by 
Chile (10,000 t) and Morocco (8,000 t). In China, in addition 
to reclaiming arsenic as a byproduct of nonferrous smelting, 
arsenic was recovered as a byproduct of gold mining from 
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orpiment (As,S,) and realgar (AsS), the more common оге 
minerals of arsenic (Peters and others, 2002, p. 182). 


Outlook 


The voluntary decision by the wood preservative industry 
at yearend 2003 to eliminate CCA as a wood preservative 
for certain wood products led to an overall decline in U.S. 
consumption of arsenic trioxide. The use of alternative wood 
preservatives and wood alternatives, such as concrete, plastic, 
or wood composites, will continue to reduce use of CCA wood 
preservatives. Specific industrial applications, such as marine 


timber, plywood roofing, and utility poles, are expected to 
continue to use CCA-treated wood. 


The use of GaAs components in cellular handsets and 
increased penetration of GaAs-based light-emitting diodes in 


general and automotive lighting applications are expected to 
increase arsenic metal consumption. 
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TABLE 1 


SALIENT ARSENIC STATISTICS! 


(Metric tons of arsenic content) 


2008 2009 2010 2011 2012 

Loc. эу у-у „= 
Mea _ 0 000 0— 376 438 769 628 883 
Compounds 4,810 4,660 4,530 4,990 5,740 
Total 5,180 5,100 5,300 5,620 6,620 

| — НЕНЕН 
Meta? O OOO 1,050 354 481 705 439 
Apparent Consumption č č  ć — 4,130 4,740 4,820 4,910 6,180 

Price, cents per pound, average? 

_ Metal (China) o 125 121 72 74 75 
Trioxide (Morocco) 19 20 20 22 24 


„Раа аге rounded to no more than three significant digits; may not add to totals shown. 
"Listed as metal only, but may include alloys, waste, and compounds. 
"Landed duty-paid unit based on U.S. imports for consumption. 


ARSENIC. 2012 


Google 


7.3 


7.4 


Class and country 
Arsenic trioxide: 
Belgium 
China 
Germany 
Hong Kong 
Japan 
Morocco 
Spain 
Total 
Arsenic acid: 
Japan 
Taiwan 
Total 


Arsenic sulfide, Russia 


Arsenic metal: 
China 
Finland 
France 
Germany 
Japan 
United Kingdom 
Total 
-- Zero. 


TABLE 2 
U.S. IMPORTS FOR CONSUMPTION OF ARSENIC PRODUCTS! 


2011 


Quantity 
(metric tons) 


794 
1,080 
Q) 


15 
(2) 
628 


Value 
(thousands) 


$458 
486 


2,290 


3,240 


6977 
17 
2,130 


2012 


Quantity 


(metric tons) 


731 
1,900 


Value 
(thousands) 


$489 
855 


2,460 
2 
3,910 


28 
2,550 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


*Less than % unit. 


Source: U.S. Census Bureau. 


Country* 


Belgium 
Bolivia 
Chile 
China 
Japan 
Mexico 
Morocco 
Peru 
Portugal 
Russia 
Total 
"Revised. — Zero. 


TABLE 3 
ARSENIC TRIOXIDE: ESTIMATED WORLD PRODUCTION, BY СОЏМТЕ У" ?? 


(Metric tons) 
2008 2009 
1,000 1,000 
74 > 115 $ 
10,000 11,000 
25,000 25,000 
40 40 
= T = 
8,000 ' 8,655 ^5 
4,822 > 301 $ 
15 15 
1,500 1,500 
50,500 " 47,600 ' 


2010 
1,000 

155 5 
11,000 
25.000 
40 


13,731 ^? 
5 


15 
1,500 


52,400 ' 


2011 
1,000 
99 r$ 
10,000 
25,000 
40 
8,154 ^? 
S$ 
15 
1,500 


45,800 ‘ 


2012 
1,000 
100 
10,000 
26,000 
40 


15 
1,500. 
46,700 


= 


‘includes calculated arsenic trioxide equivalent of output of elemental arsenic compounds other than arsenic trioxide, 


inclusion of such materials would not duplicate reported arsenic trioxide production. 


World totals and estimated data have been rounded to no more than three significant digits; may not add to totals shown. 
Table includes data available through July 2, 2013. 


^ Austria, Hungary, Iran, the Republic of Korea, Serbia and Montenegro, South Africa, Ukraine, the United Kingdom, and 


Zimbabwe have produced arsenic and (or) arsenic compounds in previous years, but information is inadequate to make 
estimates of output levels, if any. 


‘Reported figure. 


SOutput of Empresa Minera del Centro del Perú (Centromín Perú) as reported by the Ministerio de Energía y Minas. 
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ASBESTOS 
By Robert L. Virta 


Domestic survey tables were prepared by Richard H. Kraft, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


Asbestos has not been mined in the United States since 2002 
with imports meeting the needs of the domestic marketplace. 
Estimated U.S. apparent consumption was 1,020 metric tons (t) 
in 2012, a 14% decrease from 1,180 t in 2011. World production 
was 1.97 million metric tons (Mt) in 2012, a slight decrease 
from 2.02 Mt in 2011 (table 1). 


Consumption 


[n 2012, U.S. apparent consumption of asbestos decreased 
by 14% from that in 2011 (table 1). The chloralkali industry 
was the leading consumer of asbestos with an estimated 67% 
ofthe market; followed by roofing products, 3096; coatings and 
compounds, plastics, and other, 396. The chloralkali industry 
increased its share of the overall asbestos sales owing mainly to 
the decreased use of asbestos in roof coating formulations. Only 
a few U.S. companies manufacture asbestos-based products. 
The departure of even one company from the market, therefore, 
can significantly affect U.S. asbestos consumption. Asbestos 
use in roof coatings has been declining since 1993 because 
of the widespread availability of nonasbestos roof coatings. 
More recently, rising asbestos prices also were likely to have 
contributed to decreased use of asbestos in roofing coatings. 
The leading consumer, the chloralkali industry, used asbestos to 
manufacture semipermeable diaphragms that separate chlorine 
generated at the cell anode from the starting brine in the 
electrolytic cell. 
е was the only type of asbestos used іп the 
ка ates in 2012. Of the asbestos imported for use by 

ry, an estimated 19% of the quantity was grade 4, 48% 


Was grade 5, 319 i 
| ^ % was grade 7, and 2% was of unspecified grade 


Prices 


Rai d free alongside ship (f.a.s.) unit value of 
MES э ured asbestos fiber exports was $1,468 per metric 
average U ae Increase from $1,225 per ton in 2011. The 
d. сн customs unit value for all grades of imported 
931 per NER by 68% to $1 ,566 per ton in 2012 from 
за n O11 because of higher valued chrysotile 

om Brazil. The average value of imports of milled, 


grade 4 chrysotile in 
creased by 7% to $1.744 i 
from $1,625 Peskin mot. y /№ а per ton in 2012 


Foreign Trade 


The follow; 
OV M . О 
ving section summarizes significant trade 


Statisti 

на by ae and asbestos-containing products as 

Y country and ina, е Bureau. Detailed trade statistics, 

om the Us | vidual U.S. port districts, are available 
 "Riernational Trade Commission's Interactive 
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Tariff and Trade DataWeb Web site (U.S. International Trade 
Commission, undated). 

In 2012, U.S. exports of asbestos fiber were 47 t with an f.a.s. 
value of $69,000, a decrease from 169 t valued at $207,000 
in 2011 (tables 3, 4). Asbestos was exported to Mexico, the 
Republic of Korea, and Egypt, in decreasing order by quantity. 
Reported exports probably consisted of reexports of imported 
fiber or improperly classified products. The United States 
exported and reexported $26.4 million of asbestos products 
in 2012, a slight decrease from that of 2011. Mexico was the 
leading destination for asbestos products, followed by the 
Republic of Korea, Canada, United Kingdom, and Venezuela. 
These five countries accounted for 45% of the value of asbestos 
products exported and reexported from the United States 
in 2012 (table 3). The United Kingdom banned the use of 
asbestos in 1999, so imports from the United States probably 
were reexported from the United Kingdom or the exports were 
misclassified as asbestos products. The same applies to several 
other countries listed in table 3 that have banned the use of 
asbestos or asbestos products. 

Friction products, including brake linings, clutch linings, 
and disk pads, accounted for 3096 of the value of manufactured 
products exported in 2012 (table 4). Because there were no 
asbestos brake components under Harmonized Tariff Schedule 
of the United States (HTS) code 6813.20 nor asbestos-cement 
products under HTS code 6811.40 that were manufactured in the 
United States, shipments under these two HTS code categories 
probably represented reexports of asbestos products and (or) 
exports of products incorrectly classified under these HTS codes. 

In 2012, the United States imported 1,610 t of chrysotile 
valued at $2.52 million. All imports were from Brazil (table 5). 
The United States also imported $8.61 million of products 
with a basis of asbestos and products with a basis of asbestos 
and magnesium carbonate, an increase from $5.66 million 
in 2011 (table 6). In 2012, unit values of products imported 
under several HTS code categories increased compared with 
those of 2011. Consequently, the increase in the total value of 
imports in 2012 does not correspond to a proportional increase 
in the number of imported product units. In addition, some 
nonasbestos products likely were included under the asbestos 
HTS codes based on reported asbestos imports from countries 
that have banned asbestos use. 


World Review 


World production of asbestos was estimated to be 1.97 Mt in 
2012, a slight decline from 2.02 Mt in 2011. Russia was thought 
to be the leading producer of asbestos, followed by China, 
Brazil, and Kazakhstan. These four countries accounted for 99% 


of world asbestos production (table 8). 
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The International Agency for Research on Cancer (ТАКО), 
issued an update of its monograph on carcinogenic risks to 
humans. The monograph provided background information 
on asbestos, modes of exposure to asbestos, and the results of 
health studies. The conclusions reached by IARC were the same 
as in previous IARC monographs with all forms of asbestos 
being considered Group I carcinogens (International Agency for 
Research on Cancer, 2012, p. 294). 

Estimates of world consumption, by country, are presented 
in table 7. Consumption was calculated as production plus 
imports minus exports. Changes in stocks, which are not 
available, were not factored into the calculation. In 2011, China 
was the leading consumer of asbestos, followed by India, 
Russia, Brazil, Kazakhstan, Indonesia, Thailand, Sri Lanka, 
Vietnam, and Ukraine. These 10 countries accounted for 9494 of 


global asbestos consumption (table 7). Data for 2012 were not 
available at the time of publication. 


Outlook 


U.S. consumption continues to decline as substitutes, 
alternative materials, and new technology slowly displace the 
last vestiges of the domestic asbestos market. The chloralkali 
industry is likely to remain the leading U.S. market in the 
future, with roofing products and other markets declining over 
time. World production remained at nearly 2 Mt as a result of 


continued demand for asbestos products in many regions of 
the world. 
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United States: 
Exports and reexports: 


Unmanufactured: 


Quantity" 


Value? 


Asbestos products, value? 


Imports for consumption, unmanufactured: 


Quantity 


Value“ 


Consumption, apparent’ 
World production 
"Estimated. "Revised. do. Ditto. 
‘Data are rounded to no more than three significant digits. 
"May include reexports and nonasbestos material. 

*Free alongside ship value; includes exports of crudes, fibers, stucco, sand, and refuse. 


"U.S. customs declared value. 


"Consumption assumed to equal imports except in 2012, when an estimated 592 metric tons of imports was likely put into 


company stocks for future use. 


20112. 


metric tons 


thousands 
do. 


metric tons 
thousands 


metric tons 


do. 


TABLE 1 
SALIENT ASBESTOS STATISTICS! 


2008 


368 
$345 
$33,200 


1,460 
$1,090 
1,460 


2,090,000 * 


TABLE 2 


2009 


59 
$69 
$24,500 


869 
$684 
869 


2,110,000 * 


2010 


17] 
$121 
$27,000 


1,040 
$821 
1,040 


U.S. ASBESTOS CONSUMPTION BY END USE, GRADE, AND TYPE! 


End use 


Coatings and compounds 


Chloralkali industry 


Plastics 


Roofing products 


Total 


2012: 
Coatings and compounds 


Chloralkali industry 


Plastics 


Roofing 


products 


Other 


Total 


Estimated." Revised. -- Zero. 


(Metric tons) 
Grade 4 Grade 5 
140 190 
140 190 
194 486 
194 486 


Chrysotile 


Grade 7 


Unspecified 


grade 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
‘Enduse distribution based upon data provided by the Chrysotile Institute, Montreal, Quebec, Canada. 
"Excludes 592 metric tons of imported chrysotile that went into company stocks, likely by the chloralkali 


producers, 


for future use. 


2011 2012 
169 47 
$207 $69 
$27,000 $26,400 
1,180 1,610 
$1,100 $2,520 
1,180 1,020 * 


20 
1,020 ? 


2,020,000 * 2,020,000' 1,970,000 
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ТАВГЕ 3 
VALUE OF U.S. EXPORTS AND REEXPORTS OF ASBESTOS FIBERS AND ASBESTOS-BASED PRODUCTS" ?? 


(Thousand dollars) 
2011 2012 
Unmanufactured Manufactured Unmanufactured Manufactured 
Country fiber* products Total fiber’ products Total 
Australia -- 73 73 -- 91 91 
Brazil -- 17 17 -- 35 35 
Canada — 1,820 1,820 -- 2,120 2,120 
China -- 644 644 -- 295 295 
France -- 734 734 -~ 88 88 
Germany -- 368 368 — 203 203 
Italy -- 317 317 -~ 25 25 
Japan = 211 211 a 510 510 
Korea, Republic of -- 3,300 3,300 30 2,260 2,290 
Mexico 104 2,450 2,550 31 4,350 4,390 
Netherlands — 15 15 -- 35 35 
United Kingdom -- 6,530 6,530 -- 2,000 2,000 
Venezuela ~- 351 351 -- 1,300 1,300 
Other 103 10,200 10,300 8 13,100 13,100 
Total 207 27,000 27,200 69 26,400 26,500 
-- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
*Free alongside ship value. 


За may include some nonasbestos products based on destination countries that have banned the use of asbestos. 
“Includes exports of crudes, fibers, stucco, sand, and refuse. May also include nonasbestos materials. 


Source: U.S. Census Bureau. 


TABLE 4 
U.S. EXPORTS AND REEXPORTS OF ASBESTOS AND ASBESTOS-BASED PRODUCTS! 


201 2012 
Quantity Value? Quantity Value” 
(metric tons) (thousands) (metrictons) (thousands) 
Unmanufactured, asbestos” 169 $207 47 $69 
Manufactured: 

Cement products“ NA 157 NA 133 

Friction products” NA 11,900 NA 7,810 

Gaskets, packing and seals NA 3,190 NA 3,400 

Other articles" ____МА__ 147000 NA 14,800 

Total NA 27,000 NA 26,400 
NA Not available. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 
Free alongside ship value. 
31ncludes crudes, fibers, stucco, sand, and refuse. May also include nonasbestos materials. 


4May include reexports and also cellulose fiber panel, sheet, tile, and tube cement products becaus 
asbestos-cement products are not manufactured in the United States. 


5May include some nonasbestos brake and clutch shipments. 
бМау also include some nonasbestos materials. 


Source: U.S. Census Bureau. 
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ТАВГЕ 5 
U.S. IMPORTS FOR CONSUMPTION OF ASBESTOS FIBERS, BY TYPE AND ORIGIN! 


Canada Brazil South Africa Total 
Quantity Value? Quantity Value? Quantity Value? Quantity Value? 
Type (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 
2011: 
Amosite' 40 $33 -- -- -- -- 40 $33 
Chrysotile: 
Crude 142 125 -- -- -- -- 142 125 
Milled, grade 4 49 60 263 $446 -- -- 312 507 
All other 613 408 -- -- -- -- 613 408 
Other, unspecified asbestos type 59 18 -- -- 12 $6 71 24 
Total 903 644 263 446 12 6 1,180 1,100 
2012: 
Chrysotile: 
Milled, grade 4 -- -- 384 670 -- -- 384 670 
All other a € 1,220 1,850 -- -- 1,220 1,850 
Total -- -- 1,610 2,520 -- -- 1,610 2,520 
-- Zero. 


| Жүр ay 
Data are rounded to no more than three significant digits; may not add to totals shown. 
“U.S. customs declared value. 


ЗАП imported from Canada; likely chrysotile misclassified as amosite. 


Source: U.S. Census Bureau. 


TABLE 6 
U.S. IMPORTS FOR CONSUMPTION OF PRODUCTS WITH BASIS OF ASBESTOS IN 2012 


Quantity |^  Pereentageof | 
HTS' code Category (metric tons) Value? Major sources? category total* 
2524.90.00.00 ^ Asbestos 1,610 $2,520,000 Brazil 100% of weight. 
44 40000 — Astesos-cement products 1,090 549000 Сапа — 99M OF Weight. — 
6812.91.90.00 Other, fabricated asbestos fibers; clothing! 5 71,000 Austria® 99% of weight. 
082930000 Compressed asbestos fiber jointing” NA 361,000 — Mexico 91% of value. 
6812.99.00.01 Other, Катрина: 3 8,460 China 100% of weight. 
6812.99.00.02 Yam and thread' 138 1,080,000 Mexico 99% of weight. 
0812990003 сог and string’ 4 30,100 Italy 84% of weight. 
1812990020 Gaskets, packing, and seals" 8 149,000 — China, Japan" 8996 of weight. 
6812.99.00.25 Building materials’ NA 26,900 India, Germany’, Canada, Нипрагу“ 100% of weight. 
eee ЧЕ fabricated asbestos fiber' NA 177,000 — Peru, China SS ". E 
MET brake lining and pads, civil aircraft NA 297,000 Brazil - 59 z T UTE. 
m ne НКЕ lining x pads, other NA 2,160,000 China, Canada, Сноу 72 а. ЕИ 
Ши: Ariels lorige in civil aircraft NA 24,600 United Kingdom 58 2 of value. 
ot available, 
us S eee of the United States. 
XO | фе value. | 
dee acl, аш, order of value or quantity. 
Sess fen ol total imports by major import sources, by weight or value. 
Mi Ie misolasifieg as asbestos or transshipment. 
asis of asbestos or with a basis of asbestos and magnesium carbonate. 

Source: U.S, Census Bureau. 
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TABLE 7 
ESTIMATED ASBESTOS CONSUMPTION, BY COUNTRY, 2008-11! ? 
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(Metric tons) 
Region 2008 2009 2010 2011 
Africa: 
Angola 605 1,660 1,660 1,320 
Ghana 307 200 1,670 1,380 
Nigeria 2,370 1,650 1,820 2,150 
South Africa 695 130 -11 4,210 
Zimbabwe 5,000 56 9,890 3,990 
Other’ 4,050 3,330 1,630 1,490 
Total 13,000 7,010 16,800 14,500 
Asia and the Middle East: 
Bangladesh 2,400 1,990 2,020 4,370 
China 665,000 565,000 614,000 638,000 
India 349,000 341,000 426,000 322,000 
Indonesia 78,000 $2,300 112,000 124,000 
Iran 36,400 22,500 35,100 6,740 
Kazakhstan 186,000 40,200 -1,370 155,000 
Kyrgyzstan 3,130 7,320 6,810 8,220 
Malaysia 13,600 8,630 11,500 6,760 
North Korea 2,160 1,550 1,140 1,690 
Pakistan 9,200 12,600 13,300 9,390 
Philippines 2,900 2,880 3,960 3,250 
Russia 360,000 277,000 263,000 251,000 
Sri Lanka 58,100 16,000 47,900 61,100 
Thailand 69,300 103,000 79,300 81,400 
Turkmenistan 4,430 4,140 3,200 5,240 
Uzbekistan 17,800 98,600 98,600 17,100 
Vietnam 50,000 80,900 67,400 60,400 
Other? 32,500 21,500 -4,630 842 
Total 1,940,000 1,690,000 1,780,000 1,760,000 
Central America and North America: 
Cuba 5,480 8,180 7,720 5,860 
Mexico 15,400 17,100 13,800 10,200 
Other’ -11,800 -649 -34,300 -22,300 
Тога! 9,010 24,700 -12,800 -6,300 
Europe: 
Belarus 27,300 29,300 26,700 25,100 
Ukraine 64,300 63,600 60,300 55,900 
Other’ 24,500 30,900 23,600 25,500 
Total 88,800 94,500 83,900 81,400 
Oceania Е -- 20 45 
South America: 
Bolivia 3,530 3,810 3,750 5,590 
Brazil 131,000 140,000 171,000 185,000 
Colombia 7,300 8,550 12,300 20,000 
Ecuador 6,640 4,510 4,720 6,150 
Other 3,170 1,750 1,890 1,670. 
Тога] 152,000 159,000 194,000 219,000 
Other areas (nonspecified) -588 -588 2,000 2,000 
Grand total 2,200,000 1,980,000 2,060,000 2,070,000 
-- Zero. 


! Calculated as country production plus imports minus exports. Production data were from table 8 and 
trade data were from the United Nations Commodity Trade database. 


?Negative values are net exports. 


3includes countries with apparent consumption less than 1,000 metric tons or with net exports. 
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TABLE 8 
ASBESTOS: WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons) 

Country? 2008 2009 2010 2011 2012 
Argentina 298 322“ 341 € 105 € 100 • 
Brazil 287,673 288,452 302,257 306,321 ' 306,500 P 
Canada* 160,000 150,000 100,000 50,000 — 
China" 380,000 440,000 400,000 440,000 420,000 
India 304 € 201" 254° 250:5 245 • 
Kazakhstan 230,100 230,000 * 214,100 223,100 241,200 
Russia" 1,017,000 * 1,000,000 1,000,000 1,000,000 1,000,000 
Zimbabwe 11,489 4,97] 2,400 * us -- € 


"Estimated. "Preliminary. "Revised. -- Zero. 

‘World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
"Marketable fiber production. Table includes data available through July 1, 2013. 

‘In addition to the countries listed, Afghanistan, North Korea, Romania, and Slovakia also produce asbestos, but output is not 
officially reported, and available general information is inadequate for the formulation of reliable estimates of output levels. 
"Reported figure. 
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BARITE 
By M. Michael Miller 


Domestic survey data and tables were prepared by Raymond I. Eldridge III, statistical assistant, and the world production 
table was prepared by Glenn J. Wallace, international data coordinator. 


In 2012, primary U.S. barite production (sold or used by 
producers) totaled 666,000 metric tons (t) valued at an estimated 
$74.5 million, and apparent consumption was 3.43 million 
metric tons (Mt). Imports were 2.92 Mt and exports were 
151,000 t (table 1). World barite production increased by about 
700,000 t to 9.2 Mt, mostly the result of estimated increased 
production from India and Morocco (table 8). 

Barite is the mineralogical name for barium sulfate. In 
commerce, the mineral is sometimes referred to as barytes. In 
this report, the term primary barite refers to the first marketable 
product, which includes crude barite that usually has undergone 
simple beneficiation methods, such as jigging, tabling, and 
washing, or more complex methods, such as flotation, heavy- 
media separation, or magnetic separation. Most barite ores require 
some upgrading to minimum commercial purity or density levels. 
Its primary use is as a weighting agent in drilling muds. 

Global demand for barite remained strong in 2012, although 
there was a 6% decrease in the number of drill rigs drilling 
for oil or gas worldwide in December 2012 compared with 
the number operating in December 2011. This decrease was 
primarily the result of reduced drilling in North America, 
where 295 fewer rigs were operating in December 2012 than in 
December 2011 (Baker Hughes, 2013a). The continued strong 
demand for barite and large price increases from traditional 
exporters led to increased international exploration and 


development of barite resources, especially in Africa, Mexico, 
and parts of Asia. 


Production 


Domestic production and sales data for barite were derived 
from voluntary responses to the U.S. Geological Survey (USGS) 
canvass of 8 mines and 27 grinding plants. In 2012, data were 
est from four of the five operating barite mines, representing 
99% of domestic barite sold or sent to company grinding mills. 
пак received from 22 of the 24 grinding mills that operated 
f: S year, representing 98% ofthe quantity of ground barite 
x M foi nonrespondents (mine and grinding mills) 
Fan using company production estimates, prior year data, 
ther Industry data. Of the canvassed operating mines, four 
s in Nevada, and one was in Georgia. | 
ИЕ companies that mined and ground barite 
ты s were also major oil service companies. 
Bids n the mines and mills can be found in table 2. 
6, Mus к was 666,000 t in 2012, a decrease of 
is ce that of 2011. The bulk of mine production 
Bin. um ae a small amount from Georgia. The 
table Ba of domestic production was $74.5 million 
bs y one of the Nevada barite producers sold crude or 
ore, making estimations of the value of the crude 


in 


un-of-mi 
anite problematic. 
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Halliburton Energy Services Inc. has been engaged in the initial 
stages of a mine expansion program that began in 2010 when the 
U.S. Bureau of Land Management (BLM) approved Halliburton's 
Rossi Mine expansion project. The Rossi Mine consists of two 
open pit operations—the Sage Hen (Rossi) and the Queen. The 
project called for continued mining and expansion of the Sage 
Hen pit and expansion of the waste rock dump in the Sage Hen 
pit area. In addition, it called for continued mining and expansion 
of the Queen Pit, which included expansion of an existing waste 
rock dump and construction of a new dump. Surface exploration 
would continue around the pits to define the extent of the ore body 
(Harding, 2010; U.S. Bureau of Land Management, 2010, p. 6-8). 
This exploration has resulted in a substantial increase in reserves 
sufficient for a 23-year mine life at current production rates. 

Halliburton also has applied to the BLM for authorization 
to conduct an exploratory drilling program on an area of 
approximately 282 hectares (698 acres) described as the 
Pleasant View Exploration Project (U.S. Bureau of Land 
Management, 2012, p. 1). 

There were 24 grinding plants that ground barite all or part 
of the year. Most Nevada barite ore was ground at nearby 
company-owned grinding plants in Nevada, although most of 
the crude barite Кот NOV Minerals LP's Big Ledge Mine was 
shipped out of State to its grinding mill in Evanston, WY. In 
addition to ground production, some run-of-mine ore or crude 
barite from Nevada was shipped to Canada for grinding. 

NOV Minerals constructed a new grinding mill in Osino, 

NV, which became operational in late 2012 and ground 

some material. The new grinding mill was constructed at 

the Northeastern Nevada Regional Rai Iport allowing ground 
product to be shipped to markets in the East. The mill was 
constructed with two grinding circuits and with space for a third 
circuit. Initial production was anticipated to be about 54,000 
metric tons per year (t/yr) with plans to eventually increase 
output to 181,000 t/yr (Harding, 2012, p. 67—69). 

CIMBAR Performance Minerals announced that it had 
completed the renovation project on its Wellsville, OH, grinding 
facility, which the company acquired in 2011. The installation 
of a new milling circuit increased the plant's grinding capacity 
to 590,000 t/yr. In addition to barite, the mill will grind other 
mineral products such as brucite (magnesium hydroxide), 
calcium carbonate, and talc (CIMBAR Performance Minerals, 
undated). The mill's location in eastern Ohio provides it with 
access to drilling operations in the Marcellus Shale and the 
Utica Shale. These two formations underlie eastern Ohio, West 
Virginia, and substantial parts of New York and Pennsylvania 
and have become prime exploration targets for natural gas, 
natural gas liquids, and oil. 

In 2012, in addition to the 4 grinding mills in Nevada and 
the 1 in Wyoming, 14 grinding mills operated along the coast 
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of the Gulf of Mexico (6 in Louisiana and 8 in Texas). These 
stand-alone grinding plants processed imported crude barite that 
was primarily ground to American Petroleum Institute (API) 
specifications for the oil and gas drilling market, although some 
was ground for other uses. An additional five grinding mills in 
the Midwest and Southeast ground barite for use as extenders, 
fillers, and pigments, as well as producing API-grade barite for 
the oil and gas drilling market. 


Consumption 


In 2012, apparent consumption of barite increased by 17% 
to 3.43 Mt compared with that in 2011 (table 1). Ground barite 
sales increased by 14% to 3.31 Mt in 2012 from 2.91 Mt in 
2011. In 2012, sales by grinding plants in Louisiana increased 
by about 28% to 1.18 Mt, grinding plant sales in Texas increased 
by 10% to 1.25 Mt, and sales by plants in all other States 
increased by 396 to 877,000 t (table 3). About 3.2 Mt, or 97%, 
of barite sales from domestic crushers and grinders was for 
petroleum well-drilling markets, and the remaining 3% was for 
industrial end uses (table 4). 

The leading application for barite is as a weighting agent 
in natural gas and oil field drilling muds to suppress high 
formation pressures and prevent blowouts. As a well is drilled, 
the bit passes through various formations, each with different 
characteristics. The deeper the hole, the more barite is needed as 
a percentage of the total mud mix. An additional benefit of barite 
is that it does not interfere with magnetic measurements taken in 
the borehole, either during logging-while-drilling or in separate 
drill hole logging. 

Barite used for drilling petroleum wells can be black, blue, 
brown, buff, or gray depending on the ore body. Most barite 
needs to be ground to a small uniform size before it is used 
as a weighting agent in petroleum well-drilling mud based on 
specifications set by the API or the now defunct Oil Companies’ 
Materials Association. 

The most important characteristic of barite used in drilling 
mud is its specific gravity (SG), and until 2010 the API 
specification called for a minimum SG of 4.2. After concerns 
in the United States about dwindling reserves of 4.2 SG 
barite, the API issued a new edition of API Specification 13A, 
Specification for Drilling Fluids Materials (effective date, 
August 1, 2010). This new edition of Specification 13A added 
specifications for 4.1 SG barite, but also retained specifications 
for 4.2 SG barite. 

The idea of using 4.1 SG barite was put forth in late 2006, 
and since then it has become widely adopted in the Western 
United States. Offshore drillers continue to use 4.2 SG barite as 
do onshore customers in other parts of the country that rely on 
imported barite. 

Other barite specifications remain unchanged from the | 
previous standard and are the same for 4.1 and 4.2 SG barite. 
They require that the barite be finely ground so that at least 
97% of the material, by weight, can pass through a 200m 
(Tyler) [75-micrometer (шт)] screen, and no more than 30 %, 
by weight, can be less than 6 uum, effective diameter, which 15 
measured using sedimentation techniques. Lastly, the ground 

barite may contain а maximum of no more than 250 milligrams 
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per kilogram of water-soluble alkaline earth metals such as 
calcium (American Petroleum Institute, 2010, р. 13—23, 83-96). 

Common impurities in drilling-grade barite include quartz, 
chert, dolomite, siderite, and metallic oxide and sulfide 
compounds. These are normally insoluble, and as a result, 
standards limiting their concentrations have not been developed. 
In addition, the API standard does not address heavy-metal 
impurities, but barite derived from base-metal deposits may 
contain heavy metals such as cadmium and mercury and 
discharges of these may be regulated under environmental 
law. For example, U.S. environmental regulations pertaining 
to offshore drilling allow drilling waste discharges containing 
barite only if the barite contains less than 3 parts per 
million (ppm) cadmium and 1 ppm mercury (Drilling Waste 
Management Information System, undated). 

Oil and gas prices correlate directly with the amount of 
exploration drilling being performed (the higher the prices the 
more drill rigs operating and vice versa) and the quantities of 
barite being consumed. In 2012, the U.S. economy continued 
its slow recovery from the 2008—09 recession and exhibited a 
growth of 2.296 in gross domestic product compared with that 
of 2011. In 2012, the average monthly oil price (U.S. spot price) 
of $94.11 per barrel was slightly lower compared with that of 
2011 (U.S. Energy Information Administration, 20132). The 
U.S. monthly average natural gas price (wellhead), however, 
decreased to a monthly average of $2.66 per thousand cubic 
feet from $3.95 per thousand cubic feet in 2011 (U.S. Energy 
Information Administration, 2013c). The decrease in natural 
gas prices was mainly the result of natural gas supplies in 2011 
and 2012 exceeding consumption (U.S. Energy Information 
Administration, 2013b). 

At yearend 2012, 244 fewer drill rigs were exploring for oil 
or gas in the United States than were operating at yearend 2011. 
With the surplus in natural gas supplies driving down the price 
of natural gas, more rigs were shifted to drilling for oil. The 
percentage of drill rigs exploring for oil accounted for 75% of 
the total at yearend 2012, up from 59% at yearend 2011 (Baker 
Hughes Inc., 2013b). 

In 2012, sales of domestic and imported barite for industrial 
uses decreased by 3296 to 107,000 t (table 4). Industrial end 
uses such as barium chemicals (the largest by volume is barium 
carbonate), filler in paint and plastics, and powder coatings all 
require the barite to be ground to a small uniform size. The size 
depends on the use, but for paint- and plastic-grade material, it 
averages about 2 to 3 um. Barite-containing materials were used 
for sound reduction in engine compartments in automobile, boats, 
and trucks. Barite also was used in the base coat of automobile 
finishes for smoothness and corrosion resistance and continued to 
be used in friction products for automobiles and trucks. 

Barite used as an aggregate in "heavy" concrete or radiation- 
shielding concrete is crushed and screened to sizes ranging from 
475 millimeters (0.187 inches) to 3.75 centimeters (1.5 inches) 
for the coarse grade. New Riverside Ochre Co. (Cartersville, 
GA) is the leading supplier of barite aggregate. 


Stocks 


The USGS does not collect data on company stocks either at 
the mine or grinding plant. At yearend 2012, however, according 
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to industry contacts grinders that relied on imports had amassed 
substantial stocks. 


Foreign Trade 


In 2012, barite exports (table 5) were 151,000 t, although as 
much as two-thirds were likely re-exports of imported barite 
ground in the United States. Most exports of domestically mined 
barite went to Canada in the form of crude barite, which was 
ground in Canada and then consumed for oil and gas drilling 
in the Western Provinces of Alberta, British Columbia, and 
Saskatchewan. 

Assignment of the correct harmonized tariff schedule 
(HTS) number by importers is sometimes problematic. As a 
result, in prior years, adjustments were made in an attempt 
to classify imports of crude natural barite, ground barite, and 
other sulfates of barium by type and use. These adjustments 
involved separating, by unit value, imports intended for use 
in drilling muds (crude and ground barite), and all other uses 
(other sulfates of barium). Beginning in 2008, this practice was 
discontinued and the data shown in table 5 for 2011 and 2012 
are as reported by the U.S. Census Bureau. 

Combined imports of barite (crude and ground) totaled 
2.92 Mt, an increase of 26% compared with those of 2011. 
China accounted for 77% of the total, with India (14%), 
Morocco (5%), and Mexico (2%) making up most of the rest. 
Imports of the several forms of barite reported under the HTS 
nomenclature “Other sulfates of barium” were 18,100 t, which 
represents an increase of 19% compared with those of 2011 
(table 6). 

The tariff on U.S. imports of crude barite is $1.25 per metric 
ton, but there is no tariff on imports of ground barite. As a 
result, the major importers of crude barite have applied for 
and received foreign trade zone (FTZ) status for many of their 
grinding mills in the United States. FTZ status means that 
the ground barite produced by these mills will be reported as 
imports for consumption and not crude barite received from 


А suppliers. Grinding mills іп FTZs are identified in 
table 2. 


Transportation 


In recent years, about 75% to 80% of U.S. barite consumption 
has been supplied by imports (primarily from China). Most 
barite Imports are shipped in handymax-size bulk carriers 
(typically 35,000- to 60,000-t deadweight tonnage). After being 
eas to API specifications, barite is transferred directly to 
ee p 3 barges docked in canals, lakes, and rivers near the 
Te s for bulk delivery to offshore drilling platforms. 
d Pen ore barite staging locations also are convenient 
иа ч, » onshore areas with si gnificant petroleum 
Рава x the Petroleum Administration for Defense (PAD) 
" stints PAD districts were World War II divisions of 
ET е of the United States; these designations 
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extent estimated. The average estimated sales value for primary 
barite from mines and their associated beneficiation plants in the 
United States was $112 per metric ton (table 1). 

Value data for ground barite, as reported to the USGS, do not 
necessarily represent open market prices. Because many of the 
U.S. barite grinding mills are owned by oil service companies, 
barite often is sold to the customer at a reduced price or at cost 
because the barite is simply a small part of the overall service 
contract. Taking this into account, compared with those of 2011, 
the average unit value for barite ground in Louisiana increased 
by about $9 per ton to $183 per ton, while the sales value for 
drilling-grade barite ground in Texas increased slightly to 
$170 per ton. The average value for all grades ground in Texas 
increased by $20 per ton to $193 per ton, while the sales value 
of barite ground in other States increased by $25 per ton to 
$183 per ton (table 3). Barite for barium chemicals, fillers and 
extenders, and glass increased by 34% to $416 per ton in 2012 
compared with that of 2011 (table 3). 

The following is a discussion of yearend published price 
ranges for crude barite from major exporting countries. The 
yearend 2012 United States published import prices for barite 
from China, API grade, lump, including cost, insurance, and 
freight, U.S. Gulf Coast, increased to $155 to $160 per ton 
compared with $136 to $150 per ton at yearend 2011. The 
import price for Indian barite decreased to $157 to $171 per 
ton compared with $165 to $170 per ton at yearend 2011. The 
import price of chemical-grade barite from China increased to 
$161 to $180 per ton in December 2012 compared with $135 to 
$145 per ton at yearend 2011. Import prices for Moroccan barite 
were unavailable, but unground lump, API bulk, free-on-board 
Morocco increased to $130 to $140 per ton in December 2012 


compared with $108 to $113 per ton at yearend 2011 (Industrial 
Minerals, 2012; 2013). 


World Review 


Fueled by the rapid expansion of the economies of developing 
countries such as Brazil, China, and India, the demand for 
oil and gas has risen rapidly. This increase in demand, plus 
improvements in technology, has resulted in a substantial 
increase in worldwide exploration for oil and gas and with it an 
increase in production and consumption of barite. Although the 
Baker Hughes international rotary rig count does not include 
rigs drilling in the Caspian region, onshore China, Cuba, 

Iran, North Korea, Russia, or Sudan, it is a good indicator of 
international oil and gas exploration trends. Internationally, the 
average monthly number of drill rigs operating in 2012 was 
3,518, which was the highest number since 1985 (Baker Hughes 
Inc., 20132). 

In descending order of production, China, India, Morocco, 
and the United States were the leading producers of barite in 
2012. These four countries accounted for 8296 of estimated 
world barite production. 

China.—In 2012, China exported 2.95 Mt of barite, which 
was a slight increase compared with that of 2011. China's barite 
exports went to many countries, but the United States was by 
far its leading trading partner accounting for 64% of the total, 
with Saudi Arabia and Indonesia accounting for 1096 and 5%, 
respectively. China's barite exports remained substantially 
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below the peak of 3.88 Mt, which was the export total for 2008. 
China's barite exports have decreased in recent years owing to 
reduced mine output and increased domestic consumption. 

Ireland.—Sunrise Resources plc announced the results of its 
scoping study on the Derryginagh barite deposit in southwest 
Ireland. The study indicated that, based on current cost estimates 
and barite prices, a substantial increase in reserves was needed 
to demonstrate financial viability of the project. The study, 
however, also concluded that the extent of the deposit was 
unknown and recommended that a drilling program and further 
metallurgical testing be pursued. 

In addition, results of the metallurgical testing indicated 
that more complex milling would be required than originally 
thought. As a result, the company planned to discuss the 
project's future with potential customers and industry partners to 
determine if additional work on the project would be undertaken 
(Sunrise Resources plc, 2012). | 

Mexico.—Prodexa de Mexico S.A. de C.V. was developing 
a barite mining operation from a stratiform deposit in the 
Cobachi area of central Sonora. The project would operate 
under the name Anaconda Barite and produce drilling-grade 
barite for Mexican and export markets. Exports would target 
drilling markets in the Middle East, South America, and the 
United States. Ocean shipments would be through the port of 
Guaymas on the Gulf of California (Hughes, 2013; Anaconda 
Barite, undated.) 

Near the Anaconda Barite project, Chemical Products Corp. 
(CPC) and Japanese trading house Sojitz Corp. also were 
developing a new barite mine, which would operate under the 
name CPC Mineria S. de R.L. de C.V. The project involved 
the former Barita de Sonora Mine, which ceased production 
in the late 1990s and was subsequently acquired by CPC. The 
new mining operation would include a jig mill to produce API- 
grade barite for the drilling mud market and a flotation plant to 
produce higher-purity barite for barium carbonate production. 
Production startup was anticipated by yearend 2013 (Sojitz 
Corp., 2012; Ken Santini, Santini & Associates, oral commun., 
July 16, 2013). 

Zimbabwe.—Through a series of acquisitions, Raptor 
Resources Holdings Inc. acquired the Dodge Mine located near 
the village of Shamva in Mashonaland Central Province. Mabwe 
Minerals Inc. was set up to mine and market the barite with 
production expected to begin in 2013. In 2012, a comprehensive 
gravity survey was conducted, which confirmed the presence 
of large deposits of barite that extended beyond the boundaries 
of the Dodge Mine mineral rights. As a result, the company 
increased its mineral rights holdings in the mine area. À core 
drilling program was planned to continue developing the proven 
reserves. In addition, Mabwe Minerals acquired 25% of a local 
contract miner to manage the mining operations and arranged 
rail transport to the Port of Beira in Mozambique. The deposits 
contained barite suitable for use in drilling muds and high- 
purity white barite suitable for use in high-value, nondrilling 
uses. Samples of drilling-grade and white barite tested in 2011 
had specific gravities of 4.37 and 4.40, respectively. Mabwe 
Minerals announced that it had signed a long-term agreement 
with major gas and oilfield service company Baker Hughes 
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Inc. to supply 3 Mt of API-grade barite at a rate of 220,000 t/yr 
(Mabwe Minerals Inc., 2013). 


Outlook 


Global demand for barite is expected to remain strong during 
the next 3 to 5 years. The increased use of horizontal drilling 
and hydraulic fracturing technologies is likely to open large 
areas to exploration and development that previously could not 
be developed by traditional drilling techniques. 

In the United States, drilling has been so successful that, in 
the case of natural gas, prices have been pushed downward 
to levels making it uneconomic in many cases to continue 
exploration. For natural gas prices to increase, domestic 
consumption must increase or production must decrease. The 
former solution is limited in a slowly growing economy and 
because, if consumption increases substantially and drives up 
prices, major consumers such as powerplants would likely 
switch to coal. Current natural gas surpluses would likely be 
reduced if the Federal Government approves the export of 
natural gas in liquefied form. Prices for natural gas in countries 
such as Japan (a major importer) are much higher than U.S. 
domestic prices, and being able to export a portion of U.S. 
natural gas production at these higher prices would reduce 
the supply of natural gas, which would likely result in higher 
domestic prices. 

Demand for barite is likely to increase in the offshore drilling 
market of the Gulf of Mexico. According to some oil and gas 
analysts, the outer continental shelf region in the Gulf of Mexico 
is expected to undergo expanded exploration activities as 
companies continue the appraisal and development of deepwater 
Lower Tertiary and Miocene discoveries. The total number 
of rigs that operate offshore in the Gulf of Mexico is small in 
comparison to those operating onshore, but deepwater wells 
require much larger amounts of barite than most onshore wells 
because of deeper drilling and higher pressures. 
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TABLE 1 
SALIENT BARITE STATISTICS! 


(Thousand metric tons and thousand dollars) 


United States: 
Barite, primary: 
Sold or used by producers: 
Quantity 
Маје“ 
Exports: 
Quantity 
Value 


Imports for consumption:? 
Quantity 


Value 208,000 


Consumption, apparent? 


Crushed and ground, sold or used by processors: 
Quantity 


47,300 


Value 
World, production* 
"Estimated. 'Revised. 


2 
Includes crude, ground, and other barite imports. 


Qu or used plus imports minus exports. 
Includes imports. 


3 


C) 

е 
о. 

A". 


2,840 
325,000 


8,720 ' 


9,200 


| 
Data are rounded to no more than three significant digits. 


ер ыы дА га IR ERROR RE 
2009 2010 2011 2012 
396 662 710 666 
31,800 51,000 61,200 74,500 
49 109 98 151 
10,200 17,800 17,300 42,200 
1,430 2,110 2,320 2.920 
129,000 196,000 245,000 430,000 
1,780 2,660 2,930 3,430 
2,410 2,570 2,910 3,310 
320,000 398,000 490,000 618,000 


6,670 


7,950 * 


8,510 ' 
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TABLE 2 
ACTIVE BARITE MINES AND GRINDING MILLS IN THE UNITED STATES IN 2012 


State and operator (owner) County/Parrish Mine/Mill Foreign Trade Zone 
Mines: 
Georgia, New Riverside Ochre Co. Bartow New Riverside Ochre 
Nevada: 
Baker Hughes Drilling Fluids (Baker Hughes Inc.) Lander Argenta 
Halliburton Energy Services (Halliburton Co.) Elko Rossi 
M-I L.L.C., operating as MI-SWACO (Schumberger Ltd.) Lander Greystone 
NOV Minerals LP (National Oilwell Varco Inc.) Elko Big Ledge Е 
Grinding Mills: 
Georgia, CIMBAR Performance Minerals Bartow Chatworth 
Illinois, J.M. Huber Engineered Minerals Division (J.M. Huber Corp.) Adams Quincy PER 
Indiana, CIMBAR Performance Minerals Posey Mt. Vernon 
Louisiana: О 
Baker Hughes Drilling Fluids (Baker Hughes Inc.) St. Mary Morgan City No. 124, Gramercy, LA. 
Halliburton Energy Services (Halliburton Co.) Calcasieu Lake Charles No. 087, Lake Charles, LA. 
Do. Lafourche Larose No. 124, Gramercy, LA. 
Excalibar Minerals L.L.C. (Newpark Resources, Inc.) Iberia New Iberia Do. 
M-I L.L.C., operating as MI-SWACO (Schumberger Ltd.) St. Mary Amelia Do. 
NOV Minerals LP (National Oilwel! Varco, Inc.) Terrebonne Houma 
Nevada: 
Baker Hughes Drilling Fluids (Baker Hughes Inc.) Lander Barite Grinding Plant "m 
Halliburton Energy Services (Halliburton Co.) Eureka Dunphy 
M-I L.L.C., operating as MI-SWACO (Schumberger Ltd.) Lander Battle Mountain 
NOV Minerals LP (National Oilwell Varco, Inc.) Elko Osino 
Ohio, CIMBAR Performance Minerals Columbiana Wellsville M 
Tennessee, Excalibar Minerals L.L.C. (Newpark Resources, Inc.) Dyer Dyersburg 
Texas: 
Baker Hughes Drilling Fluids (Baker Hughes Inc.) Nueces Corpus Christi No. 122, Corpus Christi, TX. 
Halliburton Energy Services (Halliburton Co.) do. do. Do. _ 
CIMBAR Performance Minerals Harris Houston 
Excalibar Minerals L.L.C. (Newpark Resources, Inc.) do. do. 
Do. Nueces Corpus Christi No. 122, Corpus Christi, TX. _ 
M-I L.L.C., operating as MI-SWACO (Schumberger Ltd.) Cameron Brownsville 
Do. Galveston Galveston No. 036, Galveston, TX. 
Milwhite Inc. (Control MINAR, S.A. de C.V.) Cameron Brownsville 
Do., do. Ditto. 
TABLE 3 


CRUSHED AND GROUND BARITE SOLD OR USED BY PROCESSORS 
IN THE UNITED STATES, BY STATE"? 


D—-—————————— MÀ MO ны 


2011 2012 
Quantity Quantity 
Number (thousand Value Number (thousand Value 
State of plants metric tons) (thousands) of plants metric tons) (thousands) 

Louisiana 6 928 $160,000 6 1,180 $217,000 
Texas 8 1,130 196,000 8 1,250 241,000 
Other 11 848 134,000 10 877 160,000 
Тога! 25 2,910 490,000 24 3,310 __ 618,000 


Гаја are rounded to no more than three significant digits; may not add to totals shown. 


2Includes imports. | 
includes Georgia, Illinois, Indiana, Missouri (2011), Nevada, Ohio, Tennessee, and Wyoming. 
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ТАВГЕ 4 


CRUSHED AND GROUND BARITE SOLD OR USED BY PROCESSORS 


IN THE UNITED STATES, BY USE!” 


2011 


(Thousand metric tons and thousand dollars) 


2012 


Use Quantity Value Quantity Value 
Barium chemicals, filler and (or) extender, glass 157 48,700 107 44,500 
Well drilling 2,750 441,000 3,210 574,000 
Total 2,910 490,000 3,310 618,000 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes imports. 
TABLE 5 
U.S. EXPORTS OF NATURAL BARIUM SULFATE (BARITE), BY COUNTRY! 
2011 2012 
Quantity Value Quantity Value 
Country (metric tons) (thousands) (metric tons) (thousands) 
Angola 160 $42 776 5257 
Brazil 1,470 1,380 673 697 
Canada 85,600 10,400 90,600 13,600 
Chile -- -- 550 192 
Costa Rica 225 165 144 111 
Denmark -- -- 1,740 728 
Marshall Islands -- -- 2,130 2,250 
Mexico 8,620 4,460 38,600 15,800 
Mozambique 692 197 -- - 
Oman 468 109 -- -- 
Trinidad and Tobago 306 97 129 38 
United Kingdom -- -- 13,600 7,210 
Venezuela 181 89 1,170 921 
Other 519 " 352 ' 325 455 
Тога! 98,300 17,300 151,000 42,200 


‘Revised. -- Zero. 


"Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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TABLE 6 
U.S. IMPORTS FOR CONSUMPTION OF BARITE, BY COUNTRY’ 


дж 
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2011 2012 
Quantity Value? Quantity Value 
Country (metric tons) (thousands) (metric tons) (thousands) 
Crude: 
China 638,000 $80,500 710,000 $120,000 
India 112,000 15,000 190,000 27,500 
Japan -- -- l 9 
Malaysia 3,080 87 -- -- 
. Mexico 37,100 3,080 41,500 4,410 
Morocco 59,000 6,200 137,000 15,500 
Pakistan -- -- 12,000 1,370 
South Africa -- -- 15,200 1,820 
Thailand -- -- 15 6 
United Kingdom -- -- 1,340 2:95; 
Total 850,000 105,000 1,110,000 171,000 
Ground: 
Canada 139 46 186 51 
China 1,380,000 114,000 1,520,000 202,000 
Egypt -- -- 11,000 2,390 
Germany 1,200 669 1,210 878 
India 55,200 5,070 207,000 24,800 
Italy | 3 3 4 
Јарап 2,010 373 2,710 469 
Mexico 3,710 378 27,200 3,440 
Morocco 11,600 1,070 22,300 2,370 
Netherlands 18 24 76 52 
Spain 19 8 -- -- 
Switzerland 2,870 290 -- -- 
Thailand 20 12 22 12 
United Kingdom EN 18 14 -- = 
Тога] 1,450,000 121,000 1,790,000 237,000 
Other sulfates of barium: 
United Kingdom | 6 -- -- 
China 5,050 3,900 5,270 4,440 
Germany 6,960 10,600 8,740 13,800 
Ghana 18 58 -- -- 
Israel -- -- (3) 2 
Italy 2,050 2,360 1,810 2,260 
Japan 647 1,440 578 1,440 
Mexico 401 90 1,630 370 
Switzerland 20 18 54 58 
Taiwan 2 5 -- -- 
Tota! 15,100 18,500 18,100 22,300 
-- Zero. 


Ірака are rounded to no more than three significant digits; may not add to totals shown. 
Cost, insurance, and freight value. 
*Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 7 


U.S. IMPORTS FOR CONSUMPTION OF BARIUM CHEMICALS' 


2011 
Quantity Value? 
(metric tons) (thousands) 
Barium chloride 609 $725 
Barium oxide, hydroxide, peroxide 3,740 5,030 
| Barium carbonate, precipitated 2,860 5,250 


'Data are rounded to no more than three significant digits. 
"Cost, insurance, and freight value. 


Source: U.S. Census Bureau. 
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2012 
Quantity Value 
(metric tons) (thousands) 
2,650 $2,410 
3,120 5,720 
4,310 9,400 
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TABLE 8 


BARITE: WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons) 

Country 2008 2009 2010 2011* 
Afghanistan? 2.000 2,000 2,000 2,000 
Algeria 60,088 38,000 42,000 40,000 
Argentina 3,170 3,416 2,944 5,528 "4 
Australia" 17,000 ' 12,000 ' 12,000 ' -- 
Bolivia 10,900 2,069 7,845 21,297 * 
Brazil, beneficiated 23,276 49,847 41,385 49,081 "^ 
Bulgaria" 40,000 14,300 350 ' 120 ' 
Burma 5.679 7,623 8,975 30,000 ' 
Canada* 12,000 * 15,000 22,000 25,000 ' 
China* 4,600,000 3,000,000 4,000,000 4,100,000 
Egypt 1,556 1,100 3,600 4,000 
Germany 78,941 45,606 55,887 55,342 ^^ 
India‘ 1,100,000 1,200,000 1,300,000 1,350,000 
Iran’ m 226,590 361,217 326,275 ' 330,000 ' 
Italy 5.000 3,500 3,500 3,500 
Kazakhstan, marketable® 170,000 170,000 200,000 200,000 
Laos* 29,000 29,000 17,500 "4 12,400 ^* 
Malaysia mM 4.372 22,390 1,000 БЕ 
Мехісо 140,066 152,790 ' 143,225 134,727 "4 
Могоссо 725,060 586,937 572,429 769,504 ^* 
Nigeria®° 5,000 19,400 19,000 19,000 ' 
Pakistan 56,500 56,333 ' 49,038 ' 50,000 ' 
Peru __ 45,199 ' 27,881 52,275 ' 86,790 * 
Russia? 63,000 63,000 60,000 63,000 ' 
Slovakia, concentrate 12,950 8,000 13,000 "€ 14,000 ' 
Spain 11,100 2,814 2,050 ' 3,000 
Thailand 9,180 51,895 33,465 67,703 "° 
Turkey 482,740 213,187 172,618 ' 250,786 "* 
United Kingdom 43,000 ' 36,000 ^* 33,000 ' 31,000 ^* 
United States 648,000 396,000 662,000 710,000 * 
Vietnam® 90,000 75,000 85,000 85,000 
Other! m 1,150 ' 1,610 ' 622 ' 613" 
Total® 8,720,000 ' 6,670,000 7,950,000 ' 


*Estimated. PPreliminary. ‘Revised. -- Zero. 


World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


"Table includes data available through January 14, 2014. 


3Data are for fiscal year beginning March 21 of that stated. 


^Reported figure. 


5Considerably more barite is produced, but it is considered to be commercially unusable. 


6Crude barite sold or used by producers. 


"Includes Armenia, Bosnia and Herzegovina, Poland, and Portugal. 


U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK—2012 


2012 — 
2,000 
40,000 
4,200 
20,000 
41,500 P 
30,000 
25,000 
4,200,000 
4,000 
55,000 
1,700,000 
330,000 
3,500 
250,000 
12,000 
139,997 * 
1,000,000 
20,000 
52,000 
76,007 * 
63,000 
14,000 
3,000 
70,000 
260,000 
31,000 
666,000 * 
85,000 
628 — 


9,200,000 — 


MI 


qt 


dE жүз 


BAUXITE AND ALUMINA 
By E. Lee Bray 


Domestic survey data and tables were prepared by Linda M. White, statistical assistant, and the world production tables 
were prepared by Glenn J. Wallace, international data coordinator. 


In 2012, almost all the 9.56 million metric tons (Mt) of 
bauxite consumed in the United States was imported. U.S. 
production and shipments of alumina (calcined equivalent) 
were 4.39 Mt and 4.41 Mt, respectively. An estimated 9096 
of domestic shipments was used for metal production. World 
production of bauxite was 258 Mt (tables 1, 11); the leading 
producing countries were, in descending order of production, 
Australia, China, Brazil, Indonesia, India, and Guinea. World 
production of alumina was estimated to be 96.4 Mt (tables 2, 
12); China, Australia, and Brazil were, in descending order, the 
leading producing countries. 


Production 


Bauxite.—For many years, domestic mines have supplied less 
than 176 of the U.S. requirement for bauxite, all of which was 
used in nonmetallurgical products, such as abrasives, chemicals, 
proppants, and refractories. Thus, the United States imported 
almost all the bauxite that it required. 

Alumina.—U.S. production of alumina, which was derived 
exclusively from imported metallurgical-grade bauxite, was 
16% higher in 2012 than that in 2011 (table 2) owing to 
increased production at refineries that restarted capacity in 2011. 

Ormet Corp. (Hannibal, OH) completed the rampup to full 
capacity of its 540,000-metric-ton-per-year (t/yr) alumina 
refinery in Burnside, LA, at midyear (Ormet Corp., 2012). The 
refinery had reopened in November 2011 after having closed at 
yearend 2006 because of the prevailing low alumina price and 
high natural gas price, 

In April, Almatis GmbH (Frankfurt, Germany) sold an 
alumina trihydrate plant in Bauxite, AR, which produced fire 
retardant products to JM Huber Corp. (Edison, NJ). Almatis 
continued to own and operate adjacent facilities which produced 
calcined and tabular alumina used in abrasives, ceramics, and 
refractories (Almatis GmbH, 2012). i 


Consumption 


Bauxite. —Domestic production and consumption data for 
bauxite and alumina were obtained by the U.S. Geological 
S from three voluntary surveys. The *Bauxite 
rex dps survey was sent to 31 operations, 24 of which 
нЕ approximately 89% of the bauxite 

is Or uses other than cement listed in table 4. 
NO DE E consumption of bauxite increased by 8% 
oon 2: that of 2011. In 2012, 98% of the bauxite 
UE n e United States was refined to alumina [an 

.13 metric tons (t) of dried bauxite was required to 


| 
m || of alumina]; the remaining 296 was consumed in 
etallurgical applications (table 4), 
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Alumina.—An estimated 90% of the net alumina imports and 
domestic alumina shipments by U.S. alumina refineries went 
to primary aluminum smelters for metal production. In 2012, 
10 domestic primary aluminum smelters consumed 4.14 Mt 
of alumina, 496 more than the amount of alumina consumed 
in 2011. Consumption of various forms of alumina by the 
abrasives, chemicals, refractories, and other specialty industries 
accounted for the remainder of U.S. alumina use. 


Prices 


Most metallurgical-grade bauxite and alumina was purchased 
under long-term contracts, and contract terms normally were 
not made public. Spot prices for metallurgical-grade alumina 
and specialty forms of bauxite and alumina for nonmetallurgical 
applications, however, were published in trade journals. 

The annual average delivered value of U.S. imports of 
metallurgical-grade bauxite (table 5) decreased slightly in 2012 
compared with that of 2011. Alumina prices generally followed 
the trend in aluminum prices. In 2012, the average value of 
U.S. imports of calcined alumina, (table 6) including cost, 
insurance, and freight at U.S. ports, decreased by 10% to $416 
per metric ton. Yearend price ranges for refractory-grade bauxite 
in China and Guyana (table 7), the leading suppliers, as quoted 
in Industrial Minerals (2013), were generally unchanged from 
those in 2011. 


Research and Development 


The Central Glass and Ceramic Research Institute (CGCRI) 
(Kolkata, India) was developing a process to convert 
metallurgical grade bauxite into refractory-grade bauxite. 

The process removes calcium, iron, and titanium oxides from 
bauxite. The bauxite processed in a laboratory-scale plant had a 
melting point of about 1,600 ?C, suitable for refractory products. 
CGCRI was scaling up production and planned to build a 
commercial-scale plant if the process proved to be economically 
feasible (Syrett, 2012b). 


Foreign Trade 


In 2011, the European Union, Mexico, and the United States 
filed a complaint with the World Trade Organization (WTO) 
concerning Chinese export taxes on several mineral products, 
including refractory-grade bauxite. The WTO ruled that the 
export taxes violated international trade agreements, and 
China appealed the ruling. The Appellate Body of the WTO 
rejected most of China's claims in the appeal, determining that 
China's export restraints on several raw materials, including 
refractory-grade bauxite, were inconsistent with China's WTO 
obligations. In December, the Government of China announced 
that it would remove the 15% export tax on refractory-grade 
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bauxite beginning January 1, 2013 (American Metal Market, 
2012; World Trade Organization, 2012; China Metal Market— 
Alumina and Aluminum, 2013f). 


World Industry Structure 


Production.—1n 2012, world production of bauxite was 
essentially unchanged compared with that of 2011 (table 11). 
Total mine production of 258 Mt was reported from 26 
countries. The leading producers of bauxite were, in decreasing 
order of tonnage mined, Australia, China, Brazil, Indonesia, 
India, and Guinea. These countries accounted for 86% of 
total world production; Australia, China, and Brazil together 
accounted for 61% of the world’s production. World output of 
alumina increased by 5% in 2012 compared with that of 2011 
(table 12). Total alumina production of 96.4 Mt was reported 
from 25 countries. The five leading producing countries were, 
in descending order of quantity of alumina produced, China, 
Australia, Brazil, the United States, and India. These countries 
accounted for 80% of world production; China and Australia 
together accounted for 61%. 

Mergers, Acquisitions, and Restructuring.—In August, 
H.1.G. European Capital Partners SAS (Paris, France) purchased 
the specialty alumina refineries at Beyrede, Gardanne, and La 
Bathie, France, and Teutschenthal, Germany, from Rio Tinto plc 
and organized them into a company named ALTEO. Rio Tinto 
sold the refineries as part of its restructuring plan started in 2011 
(Н.В. Capital, LLC, 2012; Rio Tinto plc, 20122). 


World Review 


Australia.—Alumina and bauxite production in 2012 
increased 8% and 9%, respectively, compared with production 
in 2011 owing to production restarting after disruptions caused 
by flooding in 2011 and completion of expansions at two 
refineries. In March, expansion of the Worsley alumina refinery 
near Boddington, Western Australia, to 4.6 million metric tons 
per year (Mt/yr) of alumina from 3.5 Mt/yr was completed. 
Rampup of the refinery was expected to be completed in mid- 
2013. The refinery was a joint venture between BHP Billiton 
Ltd. (8696), Japan Alumina Associates Pty. Ltd. (10%), and 
Sojitz Alumina Pty. Ltd. (476) (BHP Billiton Ltd., 2012, p. 24). 

In June, Rio Tinto completed an expansion of the Yarwun 
alumina refinery in Queensland, increasing capacity of the 
refinery to 3.4 Mt/yr of alumina from 1.4 Mt/yr. In July, 
production began, and by September, the expansion was 
producing near full capacity, with the rampup expected to be 
completed in mid-2013 (Rio Tinto plc, 2012b, p. 4). | 

Brazil.—Norsk Hydro ASA (Oslo, Norway) and Dubai 
Aluminium Co. Ltd. (Dubal) postponed construction of 
the proposed 1.86-Mt/yr Companhia de Alumina do Para 
(CAP) refinery in Barcarena, citing uncertainty of alumina 
and aluminum markets during the next few years. Declining 
aluminum demand in Europe and other markets served by Norsk 
Hydro were specifically noted. The CAP refinery, a joint venture 
between Norsk Hydro (8 196) and Dubal (1996), was to have 
been completed by yearend 2015 (Norsk Hydro ASA, 2012). 

Bauxite production from the 9.9-Mt/yr Paragominas Mine 
increased to 9.2 Mt, 1394 more than that in 2011, and a record 
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amount owing to ramping up expansions completed previously 
(Norsk Hydro ASA, 2013, p. 106). 

Canada.—ln December, Orbite Aluminae Inc. (Montreal, 
Quebec) started producing high-purity alumina at its refinery 
at Cap-Chat, Quebec. The refinery planned to rampup to a rate 
of 1,800 t/yr by yearend 2013. A 540,000-t/yr refinery being 
constructed at Cap-Chat to produce smelter-grade alumina 
was scheduled to be completed by yearend 2013. The process 
developed by Orbite recovers alumina from high-alumina clay 
and can also recover other products such as gallium, iron oxide, 
rare-earth elements, and high-purity silica. Orbite's process can 
also use low-grade bauxite and red mud (Orbite Aluminae Inc., 
2013). 

China.—China’s production of alumina and bauxite increased 
by 11% and 4%, respectively, compared with those of 2011 as 
new capacity was opened during the year. Capacity expansions 
under construction were expected to further increase production 
in future years. 

Chongqing Province.—In March, Nanchuan Xianfeng 
Alumina (a subsidiary of Bosai Mining Co. Ltd.) 
completed expansion of its alumina refinery in Nanchuan to 
800,000 t/yr from 500,000 t/yr (China Metal Market—Alumina 
and Aluminum, 2012b). In September, Aluminum Corp. of 
China (Chinalco) completed expansion of its alumina refinery 
in Nanchuan to 800,000 t/yr from 400,000 t/yr (China Metal 
Market—Alumina and Aluminum, 20121). 

Guangxi Province.—In September, Tiandong Jinxin 
Chemical Engineering Co. Ltd. completed a 1-Mt/yr refinery in 
Tiandong to produce aluminum hydroxide for aluminum-based 
chemicals (China Metal Market—Alumina and Aluminum, 
2012g). In October, Chinalco started expanding the bauxite 
mine which supplied its alumina refinery in Pingguoto to 
1 Mt/yr from 600,000 t/yr. Chinalco also was installing capacity 
to recover 40 t/yr of gallium from the refinery (China Metal 
Market—Alumina and Aluminum, 2012j). In May, Guangxi 
Baiyi Mining Co. Ltd. started construction of a bauxite mine 
in Longhe. Capacity of the mine and the construction schedule 
were not available (China Metal Market—A lumina and 
Aluminum, 20129). 

Guizhou Province.—Guizhou Qiya Aluminum Co. Ltd. 
completed an 800,000-t/yr alumina refinery in Kaili and 
started ramping up production during the first half of the year 
(China Metal Market—Alumina and Aluminum, 20124). In 
September, China Power Investment Corp. started construction 
of an 800,000-t/yr alumina refinery in Wuzhengdo. An adjacent 
2-Mt/yr bauxite mine was also under construction (China Metal 
Market—Alumina and Aluminum, 2012h). 

Henan Province.—In May, Henan Huiyuan Chemical 
Engineering Co. Ltd. completed expanding its alumina refinery 
in Pingdingshan to 800,000 t/yr from 650,000 t/yr (China Metal 
Market—Alumina and Aluminum, 2012f). 

Inner Mongolia Province.—In August, Chinalco started 


construction of a 1.2-Mt/yr refinery in Jungar to recover alumina 
from coal ash from a nearby powerplant (China Metal Market— 


Alumina and Aluminum, 2012g). 

Shandong Province.—In March, Shandong Lubei Chemical 
Engineering Co. Ltd. completed expansion of its alumina 
refinery in Lubei to 1 Mt/yr from 800,000 t/yr. Longkou 
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Donghai Alumina Co. Ltd. also completed expansion of its 
alumina refinery in Longkou to 1.6 Mt/yr from 1.2 Mt/yr during 
the year (China Metal Market—Alumina and Aluminum, 

2012b). 

Shanxi Province.—During the third quarter of the year, 
Chinalco completed construction of a 1.6-Mt/yr bauxite mine 
in Huaxing, which would supply an 800,000-t/yr alumina 
refinery, also under construction adjacent to the mine. The 
refinery was scheduled for completion in 2013 (China Metal 
Market—Alumina and Aluminum, 2012g). Chinalco also 
completed expanding its alumina refinery in Hejin to 2.7 Mt/yr 
from 2.2 Mt/yr in April and started ramping up production in 
May (China Metal Market—A lumina and Aluminum, 20124). 
Zhaofeng Aluminum Co. Ltd. completed an alumina refinery 
in Yangquan with a capacity of 700,000 t/yr (China Metal 
Market—Alumina and Aluminum, 2012а). 

During the first quarter of the year, China Coal Corp. started 
construction of a 90,000-t/yr alumina refinery in Shuozhou 
(China Metal Market—Alumina and Aluminum, 2012b). East 
Hope Group Ltd. started construction of a 3-Mt/yr refinery in 
Lingshi to produce aluminum hydroxide for aluminum-based 
chemicals, which would also recover 40 t/yr of gallium when 
completed (China Metal Market—A lumina and Aluminum, 
2012c). Shanxi Wusheng Aluminum Co. Ltd. started 
construction of a 500,000-t/yr alumina refinery in Yuncheng 
(China Metal Market—Alumina and Aluminum, 2012а). In 
December, Zhengzhou Coal Corp. started construction of an 
800,000-t/yr alumina refinery in Wushengto (China Metal 
Market—Alumina and Aluminum, 2013a). 

Yunnan Province.—In July, Yunnan Aluminum Co. 

Ltd. started production at its 800,000-t/yr alumina refinery 

in Wenshan. Rampup to full capacity was expected to be 
completed by yearend. The refinery was completed in 2011, but 
production was delayed owing to technical issues (Platts Metals 
Week, 20] 2a). 

Fiji. —Shandong Chiping Xinfa ramped up its new bauxite 
mine at Nawailevu during the first half of the year and started 
shipping bauxite in July. During the second half of the year, the 
company exported 286,000 t of bauxite to its alumina refinery 
In Jiaokou, Shanxi Province, China (China Metal Market— 
Alumina and Aluminum, 2012n; 2013c, e; CRU Alumina 
Monitor, 20122). 

Nisi production increased by 94% compared 
aedis ads е production was attributed to the 
duin ie y Bosai, which acquired Ghana Bauxite 
КОШ. пе Bosai started exporting bauxite 
Tis Mie er and planned to export 1 Mt in 2013 
Xe in 2014 (China Metal Market—A lumina and 
num, 20136). 

a тла production decreased by 74% from that 
TNAM и E nun that shut down production at United 
пат 1 € 5 618,000-Uyr Fri guia alumina refinery 
uidi D е mine. Workers seized the refinery on April 
yearend, Althouol E 4, but production did not resume before 
тест : auxite production at the Friguia Mine 
Ges s ompared with that of 2011, bauxite production 
| ased 16% compared with that of 2011 owing to 
Increased production at tw | - р Б 

o other mines. Production from the 
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14-Mt/yr Sangaredi Mine was at full capacity, producing 12% 
more bauxite compared with that in 2011. The mine was a joint 
venture among the Government (49%), Alcoa Inc. (22.95%), 
Rio Tinto (22.95%), and Dadco Group (5.1%). Production from 
RUSAL’s Kindia Mine increased 11% compared with that of 
2011 owing to an expansion to 3.8 Mt/yr from 3.2 Mt/yr (Platts 
Metals Week, 2012b; United Company RUSAL ple, 2012, 2013; 
Rio Tinto plc, 2013, p. 17). 

In February, Henan International Mining Co. Ltd. started 
construction of a bauxite mine to supply an alumina refinery to 
be built in Boke. A construction schedule and expected capacity 
information for the project were not available (China Metal 
Market—Alumina and Aluminum, 20122). 

Guyana.—Bauxite production increased by 2296 compared 
with that in 2011. Production at RUSAL’s 2.2-Mt/yr Kwakwani 
Mine increased by 1896 compared with that in 2011 as the 
rampup of plant upgrades continued, accounting for most of 
Guyana's increase in bauxite production (United Company 
RUSAL plc, 2013). 

Bosai shut down production at its Linden Mine on July 18 
owing to violent protests by local residents over an electricity 
price increase. The protests ended after a month and production 
resumed. The mine had a capacity to produce 250,000 t/yr of 
bauxite and the processing plant had a capacity of 150,000 t/yr 
of calcined refractory-grade bauxite. The Linden Mine was 
the main source of refractory-grade bauxite outside of China 
(Syrett, 2012a). 

India. —Alumina production increased 12% compared with 
production in 2011 owing to expansions, which were completed 
during 2011. Bauxite production from the Panchpatmali 
Mine decreased by 3% compared with production in 2011 as 
National Aluminium Co. Ltd. (Nalco) (Bhubaneswar) shut 
down production for 4 weeks in November and December, 
citing expiration of its mining permit. A new permit was 
issued and mining at the 6.3-Mt/yr mine resumed in mid- 
December. Alumina production at Nalco's alumina refinery in 
Damanjodi, in the State of Odisha (formerly Orissa), continued 
uninterrupted using stockpiled bauxite, and production for the 
year increased by 6% as capacity from an expansion completed 
in 2011 was ramped up. Nalco completed expansion of the 
refinery to 2.28 Mt/yr from 2.1 Mt/yr in December and was 
increasing capacity of the mine to 6.8 Mt/yr by yearend 2013 
(National Aluminium Co. Ltd., 2012a, b; 2013, p. 6, 10). 

Hindalco Industries Ltd. (Mumbai) continued construction 
of its 1.5-Mt/yr Utkal alumina refinery and an adjacent 3-Mt/yr 
bauxite mine, with production scheduled to start in 2013. 
Hindalco continued construction of the Aditya aluminum 
project, which included a 1.5-Mt/yr alumina refinery with an 
adjacent 4.2-Mt/yr bauxite mine in Koraput, Odisha, and a 
359,000-t/yr aluminum smelter with a 900-megawatt captive 
powerplant in Lapanga, Odisha. The smelter and powerplant 
were expected to be completed in the second half of 2013, and 
completion of the alumina refinery was expected by yearend 
2014 (Hindalco Industries Ltd., 2012; 2013, p. 28). 

In December, Vedanta Resources plc (London, United 
Kingdom) shut down its alumina refinery in Lanjigarh, Odisha. 
Permits to mine the nearby Niyamgiri Hills bauxite deposit had 
not been issued, and the refinery was unable to purchase bauxite 
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from other sources. During the first 9 months of the year, 

the 1.4-Mt/yr refinery produced at approximately 709^ of its 
capacity, and during October and November, production was at 
about 4096 of capacity because of the bauxite shortage. Vedanta 
was delaying plans to expand the refinery until mining permits 
were obtained (Vedanta Resources plc, 2012, p. 7, 28, 29; 2013). 

Anrak Aluminium Ltd. (Visakhapatnam) completed a 
1.5-Mt/yr alumina refinery in Rachapalle, in the State of Andhra 
Pradesh, during the year. Anrak planned to purchase bauxite for 
the refinery from suppliers in Gujarat (CRU Alumina Monitor, 
20125, c). 

Indonesia.—Bauxite production decreased by 2896 compared 
with that in 2011, attributed to a new export tax. In May, the 
Government of Indonesia instituted a 2096 tax on the export 
of unprocessed mineral ores, including bauxite, as part of 
a new law aimed at reducing unprocessed ore exports. The 
Government also planned to prohibit the export of unprocessed 
ores starting in 2014. Implementation of the export tax affected 
bauxite exports during the year. Bauxite exports to China, the 
leading destination for bauxite exports, decreased by 22% 
compared with those in 2011, to 27.9 Mt. Bauxite imports from 
Indonesia received at alumina refineries in China reportedly 
increased from 2.41 Mt in January to 5.56 Mt in May, then 
decreased to only 187,000 t in June. In October, exports to 
China increased to 1.05 Mt, and were 2.27 Mt and 2.25 Mt in 
November and December, respectively. PT Antam Tbk (Antam) 
received permits to export bauxite after implementation of the 
new ore export law took effect (China Metal Market—Alumina 
and Aluminum, 2012k, ], m; 2013d, e; PT Antam Tbk, 2012a; 
Yamada, 2012). 

Construction of a 300,000-t/yr alumina refinery at Tayan 
continued with completion expected by yearend 2013. The 
project was a joint venture between Antam (8076) and Japan- 
based Showa Denko К.К. (20%). Bauxite for the refinery 
was to come from a nearby deposit that was being developed 
(PT Antam Tbk, 2012b). 

In response to the bauxite export restrictions, several 
companies were making plans to build alumina refineries in 
Indonesia. Bosai planned to build a 2-Mt/yr refinery. China 
Hongqiao Group Co. Ltd. signed an agreement with Winning 
Investment, PT Cita, and PT Danpac to build a refinery; Hainan 
Joint Enterprise Business Service Co. Ltd. and PT Inopura were 
planning to construct a 1-Mt/yr refinery on Batam Island; and 
Gaungxi Investment Group Co. Ltd. and Wijaya Group signed 
an agreement to develop bauxite resources in Indonesia and 
built a 2-Mt/yr refinery (China Metal Market—Alumina and 
Aluminum, 2012e, g, o; 2013$). | | 

Kazakhstan.—Production of alumina and bauxite declined by 
10% and 69^, respectively, compared with that of 201 ]. Eurasian 
Natural Resources Corp. cited technical issues at its 1.7-Mt/yr 
alumina refinery during the first half of the year as the reason 
for the production declines (Eurasian Natural Resources Corp., 

: 2013, p. 7). 
поена production decreased by 1496 compared 
with that of 2011. Vimetco N.V. cited decreased demand from 
its smelter, which experienced power shortages during most of 
the year (Vimetco N.V., 2013, p. б, 7, 13). 
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Saudi Arabia.—Saudi Arabian Mining Co. (Ma'aden) and 
Alcoa continued construction of the 4-Mt/yr Al Ba'itha bauxite 5e 
mine and a 1.8-Mt/yr alumina refinery in Ras al Khair that were 2: 
expected to be completed in 2014. In February, the first concrete 
was poured at the alumina refinery. The mine and refinery were 
part of an aluminum complex that included a 740,000-t/yr 2: 
smelter and а 380,000-t/yr rolling mill in Ras al Khair that were ү: 
expected to be completed in 2013. Ma'aden owned 74.9% of the а 
joint venture, and Alcoa owned 25.1% (Alcoa Inc., 2012). a 

Sierra Leone.—Bauxite production decreased by 40% x 
compared with that of 2011. Vimetco cited weather conditions © 
and equipment failures for the decline of production at its mine. 
Demand for bauxite at Vimetco's refinery in Romania also n 
declined (Vimetco N.V., 2013, p. 6, 13). 

Venezuela.—Production of alumina and bauxite in Venezuela 
decreased by 38% and 19%, respectively, compared with 
production in 2011. Decreased alumina sales to the two primary 
smelters in Venezuela were cited for the lower production of 
alumina and bauxite. Primary aluminum production decreased by 
47% compared with that of 2011 owing to financial issues at the S 
smelters hindering purchases of raw materials (Soules, 2012). 

Vietnam.—State-owned Vietnam National Coal and Mineral 
Industries Group (Vinacomin) reported technical issues delayed 
the startup of the 600,000-t/yr alumina refinery in Tan Rai, 

Lam Dong Province, which was completed in December 2011. 

A mine adjacent to the refinery started production in 2011 

and was stockpiling bauxite. In the fourth quarter of the year, 
Vinacomin commissioned the refinery with rampup expected to 

be completed in early 2013 (China Metal Market—Alumina and | 
Aluminum, 2012i; CRU Alumina Monitor, 2012d; Mok, 2012). 


Outlook 


Consumption of bauxite and alumina were expected to closely 
follow the trend of aluminum production. Aluminum prices, 
which had increased during the second half of 2012, declined 
during the first half of 2013. World demand for aluminum in 
2013 was not expected to change significantly from that in 2012 
because the rate of economic expansion in China had declined 
and aluminum consumption in Europe continued to stagnate 
in the first half of the year. In the second half of 2013, signs of 
economic recovery in Europe were beginning to be observed and 
China's economic growth rate also appeared to be increasing, 
both of which could lead to increased consumption of bauxite and 
alumina starting in the last quarter of 2013. World consumption 
of bauxite and alumina for nonmetallurgical uses was expected 
to increase slightly, attributed to growth in consumption of 
aluminum hydroxide-based fire retardant materials. 

A modest economic recovery in the United States and 
Western Europe in the second half of 2013 was expected to lead 
to an easing of availability of credit to consumers, resulting 
in increased consumption of products derived from bauxite 
and alumina. Lingering effects of the sovereign debt issues in 
Europe raised concerns about economic growth and consumer 
demand, and automobile sales declined during the early part of 
2013 compared with sales in the same period of 2012. However, 
in the second half of 2013, the impact of sovereign debt issues 
in Europe appeared to be receding. 
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| The impact of Indonesia’s restrictions of exports of mineral 
resources was expected to have an impact on the flow of bauxite 
and the construction of new alumina refineries in the future. 

| China's policies were also expected to have an impact оп the 

| location of new alumina refineries, because the Government was 
encouraging companies to make investments in power-intensive 

| industries in other countries. Several new alumina refineries 

| were expected to be constructed in Indonesia in coming years 
if financing is available, while fewer expansions of alumina 
refineries in China were expected. 

Emerging technology to recover alumina from clay and coal 

ash might decrease demand for bauxite in the near future if these 

| projects prove to be economically feasible. Exploration and 

| development of bauxite deposits in China, as well as in many 

’ mations in Africa and Southeast Asia, was expected to increase 

| supplies of bauxite and alumina, restraining prices in the long 

| tem. Limited access to bauxite deposits in India may restrain 

expansion of mines and alumina refineries. 
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TABLE 1 
SALIENT BAUXITE STATISTICS! 


(Thousand metric tons) 


2008 2009 2010 2012 
United States: 
Exports, as shipped: 
Crude and dried 14 9 21 11 
Calcined 10 21 19 18 
Imports for consumption, as shipped: 
Crude and dried 10,500 6,970 8,120 10,300 
Calcined 1,110 461 690 405 
Consumption, dry equivalent 9,550 4,960 8,180 9,560 
World, production 227,000 ' 210,000 ' 238,000 * 258,000 * 
"Estimated. 'Revised. 
"Рака are rounded to no more than three significant digits. 
TABLE 2 
SALIENT ALUMINA STATISTICS! 
(Thousand metric tons) 
2008 2009 2010 2011' 2012 
United States: 
. Cakimdalumna — ————  čă OOOO 3,900 2.130 3,420 3,740 3,980 
„ШЫ c.  . o УНА  — a ЕЕ 
Total: 
As produced or shipped? 4,510 2,500 3,900 4,280 4,620 
— ... Calinedequivalent — — —  ć  žć 4,300 2,370 3,470 3,790 4,390 
Calcined alumina 3,910 2,130 3,410 3,730 4,000 
Other alumina? 582 365 485 551 461 
Total: 
As produced or shipped? 4,490 2,500 3,900 4,280 4,640 
— .. Cakinedequivalent — —  ć  ć  ć 4,290 2,370 3,470 3,790 4,410 
Stocks, ут SS 642 257 381 2 349 
—Hmporsforconsumptiont č 2,530 1,860 1,720 ' 2,160 1,790 
Е сс зз није 1,150 946 1,520 1,660 1,680 
Consumption, apparent^ 5,530 3,660 3,540 ' 3,710 5,120 
World, production? 83,000 ' 77,100 ' 85,500 ' 91,800 ' 96,400 


Revised 


"Раја are rounded to no more than three significant digits. 


T 
rihydrate, activated, tabular, and other aluminas. Excludes calcium and sodium aluminates. 


"Includes only the end product if one type of alumina was produced and used to make another type of alumina. 


"Ex 
cludes consumers stocks other than those at primary aluminum plants. 
*Calcined equivalent. 


"Defi ; ; 
ined as domestic production plus imports minus exports plus adjustments for industry stock changes. 
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TABLE 3 
CAPACITIES OF DOMESTIC ALUMINA PLANTS, DECEMBER 31^? 


(Thousand metric tons per year) 


Company and plant 2011 


2012 

Alcoa Inc., Point Comfort, TX 2,300 2,300 
Noranda Alumina LLC, Gramercy, LA 1,200 1,200 
Ormet Corp., Burnside, LA СА 540 540 
Sherwin Alumina Co., Corpus Christi, ТХ? 1,600 1,600 
Total 5,640 5,640 


! Capacity may vary depending on the bauxite used. 


?Data are rounded to по more than three significant digits; may not add to totals shown. 
3 Owned by Glencore International AG. 


TABLE 4 
U.S. CONSUMPTION OF BAUXITE, BY INDUSTRY' 


(Thousand metric tons, dry equivalent) 


Industry 2011 2012 
Alumina 8,670 " 9,330 
Other? 0 822. 227 
"Revised. 

'Data are rounded to no more than three significant digits; may 
not add to totals shown. 


?Includes abrasive, chemical, and refractory uses. 


TABLE 5 
AVERAGE VALUE OF U.S. IMPORTS OF CRUDE AND DRIED BAUXITE! 


(Dollars per metric ton) 
2011 2012 
Port of Delivered to Port of Delivered to 
shipment U.S. ports shipment USS. ports 
Country fas c.i f? f.a.s.? cif? 

Brazil 31.98 48.56 35.95 53.91 
Guinea 29.77 47.01 33.79 48.72 
Jamaica 30.30 43.22 21.29 36.79 
Weighted average" 30.49 ' 45.20 ' 28.46 44.43 
"Revised. 


!Computed from quantity and value data reported to U.S. Customs Service and compiled by the U.S. 
Census Bureau. Not adjusted for moisture content of bauxite or differences in methods used by importers 
to determine value of individual shipments. 


?Free alongside ship valuation. 
Cost, insurance, and freight valuation. 
^Weighted average of major suppliers. 
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ТАВГЕ 6 
AVERAGE VALUE OF 


U.S. IMPORTS OF ALUMINA! 


(Dollars per metric ton) 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 
Average 


2011 


415 
444 
422 
512 
454 
474 
480 
460 
434 
446 
623 
397 
463 


2 


'Metallurgical grade; cost, insurance, and 
freight valuation. Computed from quantity 
and value data reported to U.S. Customs 
Service and compiled by the U.S. Census 


Bureau. 


TABLE 7 
REFRACTORY GRADE BAUXITE PRICES 


(Dollars per metric ton) 


Material 
China: 
Guizhou Province, round kiln, lump 
Shanxi Province, rotary kiln, lump 
Shanxi Province, round kiln, lump 
Guyana, rotary kiln, lump 
"Revised. NA Not available. 


2011' 


470—525 
495—535 
510-535 ' 
460—510 


012 
418 
471 
432 
396 
389 
512 
408 
360 
381 
417 
418 
388 
416 


2012! 


470-525 

МА 
405—440 
460-510 


'Роп of shipment, 87% Al,O3, free-on-board ship valuation, yearend. 


Source: Industrial Minerals. 
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TABLE 8 
U.S. EXPORTS AND IMPORTS FOR CONSUMPTION 
OF BAUXITE, CRUDE AND DRIED, BY COUNTRY! 


(Thousand metric tons) 


Country 2011 2012 

Exports: 
Canada 13 9 
Germany Q) Q) 
Venezuela (2) Et 
Other 9" 2 
Total 22 11 

Imports: 
Brazil 1,760 2,590 
Guinea 2,340 2,760 
Jamaica? 5,140 4,720 
Other | 300 256 
Total 9,540 10,300 


"Revised. -- Zero. 


'Data are rounded to no more than three significant digits; 
may not add to totals shown. 


?Less than % unit. 
3Data from the Jamaica Bauxite Institute. 


Note: Total U.S. imports of crude and dried bauxite as 
reported by the U.S. Census Bureau were as follows: 


2011—4.57 million metric tons (Mt) and 2012—5.63 Mt. 


Source: U.S. Census Bureau. 
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ТАВГЕ 9 
U.S. EXPORTS AND IMPORTS FOR CONSUMPTION OF CALCINED BAUXITE, BY COUNTRY’ 


(Thousand metric tons and thousand dollars) 


2011 2012 
Refractory grade Other grade Refractory grade Other grade 
Country Quantity Value? Quantity Value? Quantity Value? Quantity Value? 
Exports: 
Canada 9 1,100 1 61 4 538 -- -- 
Mexico 1 315 4 2,410 1 533 12 2,130 
Other 10 1,210 6 4,810 1 438 (3) 103 
Тога! 20 2,630 11 7,280 6 1,510 12 2,240 
Imports: 
Australia -- -- 87 1,870 -- -- 93 2,920 
Brazil | 687 6 2,030 -- -- 2 1,560 
China 41 17,300 17 7,000 38 16,800 11 2,970 
Greece -- -- 26 1,410 -- -- 8] 4,440 
Guyana 49 20,200 121 6,620 46 19,400 102 5,830 
Singapore -- -- -- -- -- -- 25 579 
Other (3) 128" 4 494 ' (3) 205 7 1,240 
Total 91 38,300 262 19,400 ' 84 36,300 321 19,500 


'Revised. -- Zero. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Value at foreign port of shipment as reported to U.S. Customs Service. 

"Less than % unit. 


Source: U.S. Census Bureau; data adjusted by U.S. Geological Survey. 
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ТАВТЕ 10 
U.S. EXPORTS AND IMPORTS FOR CONSUMPTION OF ALUMINA, 
BY COUNTRY! 


(Thousand metric tons, calcined equivalent, and thousand dollars) 


| 


|: d 


At 


Ba^qu qt ВЕР br Wen ae [ep fpe Де pin 


ја, [Ее 


2011 2012 
Country Quantity Value? Quantity Value? 
Exports: 
Canada 841 ' 321,000 ' 774 268,000 
China 9 20,100 57 49,200 
Egypt (3) 63 82 26,400 
Georgia 57 18,100 228 73,300 
Iceland 500 174,000 246 74,200 
Mexico 33' 24,100 ' 33 28,200 
Netherlands 75 34,600 ' 32 21,900 
Russia | 2,270 120 35,600 
Other 146 ' 230,000 ' 106 180,000 
Total 1,660 ' 824,000 ' 1,680 756,000 
Imports: 
Australia 662 226,000 632 191,000 
Brazil 268 97,300 241 79,800 
Canada 9' 4,600 ' 15 3,950 
China 11 13,400 45 24,100 
France 20 31,500 " 19 29,700 
Germany 16" 44,200 ' 13 41,800 
Jamaica‘ 418 170,000 51 19,000 
Suriname 736 259,000 754 229,000 
Other 207 45900 _ 24 48,900 
Total 2,160 ' 892,000 ' 1,790 667,000 
"Revised. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
Value at foreign port of shipment as reported to U.S. Customs Service. 

?Less than % unit. 

^Data from the Jamaica Bauxite Institute. 


Source: U.S. Census Bureau. 
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Australia 


Bosnia and Herzegovina 


Brazil 
China‘ 


Dominican Republic" 


Fiji 


Ghana 
Greece 
Guinea” 
Guyana” 
Hungary 
India 


Indonesia? 


Iran 


. 56 
Jamaica 


Kazakhstan 


Malaysia 


Montenegro 


Mozambique 


Pakistan 


Russia 


Sierra Leone 


Suriname 


Tanzania 


Turkey 


United States 


Venezuela 


Vietnam* 


Total 


Estimated, ‘Revised. NA Not available. -- Zero. 


‘World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


2008 


64,038 ' 


1,018 
28,098 
35,000 

400 


796 
2,176 
16,000 ' 
2,109 
511 
21,210 
17,000 ' 

Tias 
14,636 ' 
5,160 

295 


4,192 
80 
227,000 * 


"Table includes data available through November 18, 2013. 


‘Reported figure. 


“Estimate based on Ghana’s bauxite exports to the world in 2012 and on the release of the Half- 


Dry bauxite equivalent of crude ore. 


“Bauxite processed for conversion to alumina in Jamaica 
"Reported exports. 
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TABLE 11 


(Thousand metric tons) 


2009 
65,231 
556 


26,074 ' 


40,000 


490 


1,935 ' 
13,600 ' 


1,485 


267 ' 


16,000 


15,000 ' 
522 ' 


7,817 
5,130 
263 
46 

4 


ШЕ? 


ST 
757 


3,388 ' 


123 


1,473 ' 


МА 
4,267 
80 


210,000 * 


plus kiln-dried ore prepared for export. 


BAUXITE: WORLD PRODUCTION, BY COUNTRY"? 


2010 

68,414 
844 ' 
32,028 ' 

44,000 


595 ' 
1,902 " 
15,300 ' 
1,083 
307 ' 
18,000 
27,000 ' 
681 " 
8,540 
5,310 
124 


5,690 ' 
1,089 
3,104 

30 ^7 

1,311 ' 
МА 
2,500 
80 

238,000 ' 


2011 
69,976 
708 ' 
33,695 ' 
45,000 
50 
408 ' 
1,900 ^* 
15,300 ' 
1,818 
278 ' 
19,000 * 
40,000 ' 
600 ^* 
10,189 
5,495 
188 
60 * 


259,000 


Year Performance of the Mining Industry report. 


2012* 
76,282 ? 
700 
34,000 
47,000 


790 ^ 
2,100 
17,823 ? 
2214“ 
250 

19,000 

29,000 

600 
9,339 3 
5,170? 

200 


5,700 
776 ? 
3,400 
20 ' 
1,100 
NA 
2,000 
100 
258,000 
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Country 
Australia 


Azerbaijan" 

Bosnia and Herzegovina 
Brazil 

Canada 

China" 

France 


Germany 
Greece 


Guinea 
Hungary 
India 
Iran? 
Ireland 
Italy 


Jamaica 

Japan? ____________ 
Kazakhstan 

Montenegro 


Romania 


Russia 


Spain" 
Suriname 


Turkey" 


Ukraine 


ции 


United States 


сезе шы M 


Venezuela* 


IC MEUM NA ir == ошол шш ri ri Ee t 


Total 
*Estimated. 'Revised. -- Zero. 


TABLE 12 
ALUMINA: WORLD PRODUCTION, BY COUNTRY"? ? 


(Thousand metric tons) 
2008 2009 
19,321 19,948 
165 4 80 
294 192 
7,822 8,618 
1,370 1,125 
22,800 23,800 
630 348 
1,395 1,154 
772 ' 719" 
593 530 
299 185 
3,820 3,900 
200 210° 
1,890 1,245 
1,045 92 
3,996 1,774 
320 310 
1,600 1,608 
220 59 
== 44 
3,112 2,794 
1,500 ' 1,500 ' 
2,154 ' 1,536 " 
160 80 ' 
1,670 1,520 
4,300 2,369 
1,591 ^^ 1,400 ' 
83,000 ' 71,100 ' 


2010 2011 2012 
19,956 19,399 20,914 
_ 4 5 220 
269 262 ' 260 “ 
9,433 10,182 ' 10,000 * 
1,301 1,363 1,397 
29,000 34,100 * 37,700 * 
481 524 540 * 
1,485 1,405 1,364 
725 ' 125 "° 800 * 
597 574 150 * 
214 200 "© 200 * 
3,640 3,880 4,347 
250° 2291 225 
1,850 1,927 1,926 
e 
1,591 1,960 1,758 
300 280 250 
1,639 1,670 1,510 
414 484 414 
2,930 ' 2,825 2,719 
1,500 ' 1,500 € 1,500 
1,486 ' 1,421 ' 1,420 * 
160 160 200 
1,530 1,600 1,430 
3,468 3,792 ' 4,387 
1,250 1,300 800 
85,500 ' 91,800 ' 96,400 


"Figures represent calcined alumina or the total of calcined alumina plus the calcined equivalent of hydrate when available; 


exceptions, if known, are noted. 


2World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown 
3Table includes data available through November 18, 2013. 


‘Reported figure. 


5Data presented are for alumina used principally for specialty applications. Information on aluminum hydrate for all uses is 
not adequate to formulate estimates of production levels. Production of aluminum hydroxide, in metric tons: 2008—700,000; 
2009— 710,000; 2010—700,000; 201 1—690,000; and 2012—650,000. 
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BERYLLIUM 
By Brian W. Jaskula 


Domestic survey data and tables were prepared by Eraina C. Dixon, statistical assistant, and the world production table was 


prepared by Glenn Wallace, international data coordinator. 


On the basis of estimated beryllium content, U.S. mine 


shipments of beryllium ore in 2012 decreased by 496 from those 


of 2011, and ore consumption for the production of beryllium 
hydroxide decreased by 12% (table 1). The Defense Logistics 
Agency—Strategic Materials, U.S. Department of Defense 

(DOD) offered and sold selected beryllium materials from the 
National Defense Stockpile (NDS). On the basis of estimated 
beryllium content, total U.S. imports and exports of beryllium 
materials in 2012 were greater than those of 2011 (table 3). 

Beryl, a principal mineral of beryllium, produced outside of 
the United States is commonly stockpiled for later processing, 
and sales or exports may not accurately reflect current 
production. China is thought to be a significant producer, 
but does not report its beryl production. As a result, world 
production and the U.S. share of world production have a high 
degree of uncertainty. In 2012, estimated world beryllium 
ore production decreased by 696 compared with that of 2011 
(table 4). The United States accounted for about 91% of 
estimated world production. 

Beryllium is gray in color and one of the lightest metals. Its 
physical and mechanical properties—outstanding stiffness-to- 
weight and strength-to-weight ratios, one of the highest melting 
points of all light metals, high specific heat, excellent thermal 
conductivity, outstanding dimensional stability over a wide 
range of temperatures, hi gh reflectivity, the lowest neutron 
absorption cross section of any metal and a high neutron- 
Scattering cross section, and transparency to x rays—make 
IL useful for many applications. Beryllium is used primarily 
in beryllium-copper alloys, beryllium oxide ceramics, and 
as beryllium metal in a wide variety of products such as 
bearings and bushings, computer chip heat sinks, contacts 
and connectors, disc brakes, highly conductive and strong 
wire, mirrors, protective housings, switches and relays, and 
X-ray windows. Industries that use beryllium products include 
aerospace, automotive, computer, defense, electronics, energy, 
s medical, nuclear, and telecommunications. 

Beca logre A designated both a strategic and a 
Mite odo E : epartment of Defense Strategic 
lei е оаг ‚ The Board found that domestic 
DOD to contin. 3 capabilities had abated and required the 
domestic ЧЫК; MD Eb 

Secretary, 2009, S. Department of Defense, Office of the 


Onl i 
У two beryllium minerals are of commercial importance 


for th ion o : 
€ production of beryllium. Bertrandite, which contains 


about 15% beryllium ; Ped . 
э Duis у lium, is the principal beryllium mineral mined 


1% beryllium, 
Principal mineral mined : 
kie eme mined in the rest of the world. Aquamarine, 


ld, goshenite, heliodor, and morganite are gem 
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actions to maintain a long-term 


ың Bertrandite ore, however, contains less than 
eryl, which contains about 4% beryllium, is the 


forms of the mineral beryl. More information on gem-quality 
beryl and chrysoberyl can be found in the Gemstones chapter 
of the U.S. Geological Survey (USGS) Minerals Yearbook, 
volume I, Metals and Minerals. 


Legislation and Government Programs 


Defense Production Act.—In an effort to ensure current 
and future availability of high-quality domestic beryllium 
to meet critical defense needs, the DOD, under the Defense 
Production Act, Title Ш, invested in a public-private partnership 
with Materion Corp. to build a $90.4 million primary | 
beryllium facility in Elmore, OH. Approximately two-thirds 
of the facility’s output was to be allocated for defense and 
Government-related end uses, the remaining output was to go 
to the private sector. Plant production capacity was designed 
to be 73 metric tons per year (t/yr) of high-purity beryllium 
metal. The facility was placed in service during 2012, but 
did not produce at planned capacity on a consistent basis, 
although output levels improved by yearend (Materion Corp., 
2013a, p. 31). 

National Defense Stockpile.—The United States maintained 
a stockpile of strategic materials. As of December 31, 2012 
the NDS goal for hot-pressed beryllium metal powder was \ 
45 metric tons (t) (table 2). The Annual Materials Plan for 
fiscal year 2012, which represented the maximum quantities of 
beryllium materials that could be sold from October 1, 2011 
through September 30, 2012, was unchanged from that of j 
fiscal year 2011 (table 2). NDS calendar yearend inventories 


of beryllium materials are listed in table 2 (U.S. Department of 
Defense, 2013, p. 7). 


Production 


Domestic production and consumption statistics for 
beryllium-containing ores, as listed in tables 1 and 4, were 
based on data collected by the USGS by means of two voluntary 
surveys of U.S. operations. А small number of unidentified 
producers may have shipped negligible quantities of byproduct 
beryl, but these have not been included. In 2012, domestic mine 
shipments were less than those of 2011. 

The United States is one of only three countries known 
to process beryllium ores and concentrates into beryllium 
products. Materion converted bertrandite from open pit mines 
in the Topaz-Spor Mountain region of Juab County, UT, into 
beryllium hydroxide at its operations near Delta, UT. Some of 
the beryllium hydroxide was shipped to Elmore, where Materion 
converted it into beryllium-copper master alloy (BCMA), 
metal, or oxide, and some was sold to NGK Insulators, Ltd. of 
Japan. Ninety to ninety-five percent of Materion's beryllium 
hydroxide was produced from bertrandite, while the remainder 
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was produced from imported beryl. Very high purity beryllium 
is made exclusively from beryl, as beryl typically has fewer 
impurities than bertrandite (Stephen Freeman, President, 
International Business Development, Materion Corp., oral 
commun., January 10, 2013). 


Environment 


Because of the toxic nature of beryllium, various 
international, national, and State guidelines and regulations have 
been established to determine and monitor allowable beryllium 
content in air, water, and other media. Industry regulations 
require control of the quantity of beryllium dust, fumes, and 
mists in the workplace. Controlling workplace exposure and 
effluent discharge adds to the final cost of beryllium products 
(Rossman and others, 1991, p. 277-281; Smith and others, 
2002, p. 11-15, 193—200). 


Consumption 


U.S. apparent consumption of all beryllium materials in 2012, 
as calculated from mine shipments, net trade, and changes in 
Government and industry stocks, was estimated to be about 
265 t of contained beryllium, which was a decrease of 20% 
from that of 2011. The decrease in apparent consumption was 
a reflection of decreased shipments of bertrandite by Materion, 
decreased shipments of beryllium metal from the NDS, and 
increased exports of beryllium metal. 

Since the closure of its previous primary beryllium production 
facility in Elmore in 2000, Materion has sourced its beryllium 
metal from the NDS and foreign producers. In 2012, Materion's 
new primary beryllium facility provided a limited amount 
of beryllium metal. Materion’s Beryllium and Beryllium 
Composites unit manufactured beryllium metal products and 
two families of metal-matrix composites—one made from 
aluminum and beryllium, and the other made from beryllium 
and beryllium oxide (BeO or beryllia). The products, in the form 
of foil, rods, sheets, tubes, and a variety of customized shapes, 
were produced at plants in Elmore and Fremont, CA. Beryllium 
product sales decreased slightly compared with those of 2011. 
Defense and science applications, which accounted for 52% of 
the Beryllium and Beryllium Composites sales, decreased by 
6% compared with those of 2011 owing to government funding 
delays and budget cuts. Industrial component and commercial 
aerospace applications, which accounted for 26% of Beryllium 
and Beryllium Composites sales, decreased slightly, reportedly 
owing to a weak capital equipment market. Sales for energy 
applications were unchanged in 2012 compared with those 
of 2011 (Materion Corp., 2013a, p. 30-31; Stephen Freeman, 
President, International Business Development, Materion Corp., 
oral commun., January 10, 2013). 

Materion’s Beryllium and Beryllium Composites unit 
produced BeO ceramic products for aerospace, defense, 
electronics, medical, semiconductor, telecommunications, 
and wireless applications at its plant in Tucson, AZ. Medical 
applications, which accounted for 896 of the Beryllium 
and Beryllium Composites unit sales, decreased by 17% 
compared with those of 2011 owing to lower shipments of 
beryllia ceramics for medical laser applications. Beryllia 
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ceramic sales for applications within the telecommunications 
infrastructure market, which accounted for 7% of sales, 
decreased by 7% compared with those of 2011 (Materion 
Corp., 2013a, p. 31; Stephen Freeman, President, International 
Business Development, Materion Corp., oral commun., 
January 10, 2013). 

Materion’s Performance Alloys unit produced copper- and 
nickel-base alloy products, the majority of which contained 
beryllium. Alloy strip products (which were used as connectors, 
contacts, relays, shielding, and switches) and alloy bulk 
products (including bar, plate, rod, tube, and customized forms) 
were produced at plants in Elmore and in Shoemakersville, 

PA. In 2012, industrial component and commercial aerospace 
applications accounted for 32% of the Performance Alloys 

unit sales; consumer electronics applications, 20%; automotive 
electronics applications, 14%; energy applications, 12%; 
telecommunications infrastructure applications, 12%; appliance 
applications, 8%; and defense and medical applications, 2%. 
The total shipment volume of alloy strip products decreased 
18% compared with that of 2011, owing mainly to decreased 
demand from the appliance and consumer electronics markets, 
slightly offset by increased demand from the automotive 
electronics market. The total shipment volume of bulk alloy 
products decreased slightly compared with that of 2011, 

owing to decreased demand from the oil and gas sector of the 
energy market, offset, however, by increased demand from the 
industrial component and commercial aerospace market. The 
industrial component and commercial aerospace market was 
reported to be the leading growth market for the Performance 
Alloys unit (Materion Corp., 2013a, p. 29; Stephen Freeman, 
President, International Business Development, Materion Согр., 
oral commun., January 10, 2013). 

Materion had a long-term supply arrangement with JSC 
Ulba Metallurgical Plant (UMP), part of Kazakhstan’s National 
Atomic Company Kazatomprom JSC to purchase a total of 
352 t of BCMA from 2010 through 2013. In 2012, Materion 
purchased beryllium-containing materials valued at $5.2 million 
(Materion Corp., 2013a, p. 73). 

IBC Advanced Alloys Corp. (Vancouver, British Columbia, 
Canada) manufactured beryllium-copper and beryllium- 
aluminum alloys at plants located in Franklin, IN, New 

Madrid, MO, Royersford, PA, and Wilmington, MA. UMP 
had multi-year agreements to supply IBC with beryllium 
metal and BCMA. They also agreed to explore mutually 
beneficial strategic partnerships and to assess the feasibility of 
a Kazakhstan-based high-volume BeO production facility to 
support IBC’s beryllium-enhanced nuclear fuel initiative (IBC 
Advanced Alloys Согр., 2013, p. 2—5). 

Other domestic producers of beryllium alloy products 
included NGK Metals Corp. (a subsidiary of NGK Insulators, 
Ltd.), Sweetwater, TN, and GBC Metals, LLC (doing business 
as Olin Brass), East Alton, IL. American Beryllia Inc. produced 
beryllium oxide ceramic products at its plant in Haskell, NJ. 


Recycling 


Beryllium was recycled from new scrap generated during 
the manufacture of beryllium-containing components, as well 
as from old scrap collected from end users. Detailed data 
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on the quantities of recycled beryllium are not available but 
may represent as much as 2096 to 25% of U.S. consumption. 
Beryllium products manufactured by Materion from recycled 
metal require only 2096 of the energy as that of beryllium 
products manufactured from primary material. Materion, 
therefore, has established a comprehensive recycling program 
for its beryllium products and indicated a 40% recovery rate 
of beryllium new and old scrap (Stephen Freeman, President, 
International Business Development, Materion Corp., oral 
commun., August 2, 2012). 


Foreign Trade 


U.S. foreign trade in beryllium materials, as reported by the 
U.S. Census Bureau, is summarized in table 3. On the basis of 
estimated contained beryllium, total beryllium imports increased 
by 8% compared with those of 2011. The leading suppliers 
of beryllium materials to the United States were Japan and 
Kazakhstan. On the basis of estimated contained beryllium, 
beryllium exports increased by 159% compared with those 
of 2011. Canada, China, and India were the major recipients 
of these materials. The U.S. Census Bureau, however, only 
reports exported beryllium metal and not exported BCMA and 
beryllium oxide and hydroxide. BCMA typically comprises 
about 85% of domestic beryllium exports, while beryllium metal 
typically comprises less than 15% of exports (Stephen Freeman, 
President, International Business Development, Materion Corp., 
oral commun., January 10, 2013). 

Net import reliance as a percentage of apparent consumption 
is one measure of the adequacy of current domestic beryllium 
production to meet U.S. demand. Net import reliance is defined 
as imports minus exports plus adjustments for Government 
and industry stock changes. Included among stock changes are 
acquisitions or shipments from the NDS, regardless of whether 
the materials were imported or produced in the United States. 
For 2012, net import reliance as a percentage of apparent 


consumption was estimated to be about 1595, a decrease from 
about 29% in 2011. 


World Review 


China.—ln 2012, China produced an estimated 65 t to 70 t of 
diria beryllium. Approximately 20 t to 25 t of the contained 
А гу e was sourced from domestic ore and 45 t was obtained 

om foreign sources. China imported approximately 40 t of 
За а beryllium from Kazakhstan's UMP in 2012, and 
e to be UMP's largest customer (Stephen Freeman, 

ident, International Business Development, Materion Corp. 
s commun., January 10, 20] 3). | | 
и P reported producing 109 t of contained 
Ма а t Increase from the 107 t produced in 
Weise ion was reportedly from stockpiled beryllium 
вин. mainly from Russia, which had 

fee ds the breakup of the Soviet Union. In July, 

12 (sc b. ies Bie of its beryllium products by 8% to 

Dp. ‘hy a''urgical Plant, 2012; Kazatomprom JSC, 
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гр. (Tokyo, Japan) in 2011 for the research, 
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exploration, production, and sale of rare metals, including 
beryllium, was awarded a contract to supply beryllium blocks 
for a proton accelerator research complex by J apan’s Atomic 
Energy Agency. Previously, as part of Japan’s efforts to reduce 
its dependence on crude oil imports, Toshiba had reached an 
agreement with Kazatomprom to secure supplies of rare metals 
and reactor components for Toshiba’s nuclear power business. 
That agreement expanded on an existing agreement under which 
Kazatomprom supplied uranium for Toshiba-built nuclear plants 
(Soble and Gorst, 2008; Kazatomprom JSC, 2013, p. 24). 
Russia.—East Siberian Metals Corp. (a subsidiary of 
Metropol Group) and UMP completed the predesign phase 
for resuming mining at the Yermakovsky beryllium deposit 
in the Siberian Republic of Buryatia and the technical design 
of the processing plant. The new plant would produce 
beryllium hydroxide, which was expected to be exported to 
China, Japan, and Kazakhstan for processing into beryllium 
metal and beryllium alloys. Financing of the project was to 
be shared by Metropol and Russia’s state-owned corporation 
Rusnano. Yermakovsky was thought to be the largest known 
beryllium deposit in Russia. Metropol projected annual mining 
and processing capacity of 25,000 t/yr of ore and beryllium 
hydroxide production capacity of 130 t/yr. Construction of the 
complex was to commence in 2013 and the plant was expected 


to reach its projected annual capacity by 2017 (MBC Corp. 
2009, 2011). | 


Outlook 


The United States is expected to remain self-sufficient with 
respect to most of its beryllium requirements. At yearend 2012 
Materion reported proven bertrandite reserves in J uab County. | 
ОТ, of 5.67 million dry metric tons having an average grade of 
0.264% beryllium and containing about 15,000 t of contained 
beryllium. Materion owned approximately 95% of its proven 
mineral reserves and leased the remainder (Materion Corp. 
2013a, p. 41). | 

It was expected that the 2013 sales of beryllium-copper 
strip products and beryllium bulk products would increase 
slightly from those of 2012 owing to increased demand from 
the automotive electronics, consumer electronics, and energy 
markets. Sales for appliance, industrial components, and 
telecommunications infrastructure markets, however, were 
expected to decrease slightly from those of 2012. Slightly 
decreased shipments of beryllium-based metals and metal 
matrix composites to defense and nuclear science applications 
were anticipated owing to government funding delays (Materion 
Corp., 2013b). 

Research and consulting firm Global Industry Analysts, 
Inc. predicted that purchases from the worldwide beryllium 
market would increase to 506 t of contained beryllium by 
2017 owing to sustained consumption from the computer and 
telecommunications infrastructure markets and increasing 
use by the automotive electronics market. Rapidly increasing 
beryllium consumption by developing markets in Asia and 
Latin America was also expected (Global Industry Analysts, 
Inc., 2012). 

Materion forecast that the overall beryllium market would 
increase between 3% and 6% per year, and anticipated 
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BCMA growth to be higher, at approximately 10% per year. 
The company, consequently, began to expand its BCMA 
production capacity. The physical size of many beryllium- 
containing components, however, has decreased over time 
owing to improvements in technology. Therefore, despite 

the continued growth of beryllium applications, growth 

in beryllium consumption may lag behind the growth in 
application demand (Stephen Freeman, President, International 


Business Development, Materion Corp., oral commun., 
January 10, 2013). 
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TABLE 1 
SALIENT BERYLLIUM MINERAL STATISTICS 


(Metric tons of beryllium content) 


2008 2009 2010 2011 2012 


Mine shipments! 175 120 180 235 225 
Imports for consumption, beryl? $t 1 5 6 12 


Consumption, reported” 20 150 20 250 220 
Stocks, December 31: 


Industry! 60 30 15 10 15 
U.S. Govemment, beryl” * (5) (5) G) (5) (5) 


World, production? 197 144 204 262' 246 


"Estimated. ‘Revised. -- Zero. 

'Data are rounded to the nearest 5 metric tons. 
"Based on а beryllium content of 4%. 

*Data are rounded to the nearest 10 metric tons. 


"Defense Logistics Agency, DLA Strategic Materials. Data are uncommitted beryl. 
"Less than % unit. 


TABLE 2 
U.S. GOVERNMENT NATIONAL DEFENSE STOCKPILE BERYLLIUM 
STATISTICS IN 2012! 


(Metric tons of beryllium content) 


— OM 


д 


Annual Uncommitted 
Stockpile Disposal ^ Materials inventory, 


Material goal authority" Plan December 31 
Beryl ore -- (5) -- (5) 
Beryllium metal: 
Hot-pressed powder 45 38 -- 83 6 
Vacuum-cast -- 6 47 6 
Total A. 45 44 47 89 
Grand total 45 44 47 89 
— Zero. 


1 А » 
Data were converted from gross weights reported in short tons; may not add to 
totals shown. 


^ Goal effective as of December 28, 2001. 
*Total quantity of material that can be disposed. 


aximum quantity of material that can be disposed during 12-month period 
ending September 30, 2012. 


"Less than М unit. 
Нем for goal. 


Source: Defense Logistics Agency, DLA Strategic Materials. 
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TABLE 4 


BERYL: WORLD PRODUCTION, BY COUNTRY”? 


(Metric tons of gross weight) 


Country? 


China? 


4 
Мадасазсаг“ 


Mozambique 


Portugal" 


United States, mine shipments? 


Total 


2008 
500 


4,410 
4,940 


"Estimated. 'Revised. 


2009 


3,030 
3,590 


4,460 
5,090 


58 ' 
5 
5,920 
6,540 ' 


5,570 ° 
6,150 


"World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes data available through December 13, 2013. Unless otherwise noted, figures represent beryl ore for the production 
of beryllium and exclude gem-quality beryl. 


"In addition to the countries listed, Brazil, Kazakhstan, Nigeria, and Russia may also have produced beryl ore, but information is 
inadequate to make reliable estimates of production. Other nations that produced gemstone beryl ore may also have produced 
some industrial beryl ore. 


"Includes ornamental and industrial products. 


"Includes bertrandite ore, calculated as equivalent to beryl containing 1196 beryllium oxide. 
^Reported figure. 


11.7 


BisMUTH 
By James Е. Carlin, Jr.’ 


Domestic survey data and tables were prepared by Raymond I. Eldridge, III, statistical assistant, and the world production 
table was prepared by Glenn J. Wallace, international data coordinator. 


Bismuth consumption in the United States was estimated to 
be 647 metric tons (t), 796 less than that in 2011 (tables 1, 2). 
The estimated value of bismuth consumed domestically was 
$14 million in 2012. 

Bismuth was last produced domestically as a byproduct of 
lead refining at a Nebraska refinery that closed in 1997. The 
last stocks of bismuth in the National Defense Stockpile were 
sold that same year. In 2012, all primary bismuth consumed 
in the United States was imported. A small amount of bismuth 
was obtained by recycling old scrap. The leading producers of 
refined bismuth in 2012 were, in descending order by weight, 
China, Mexico, Belgium, Japan, and Kazakhstan. Belgium had no 
bismuth mine production, and its sole bismuth producer refined 
metal from imported anode slimes, concentrates, smelter residues, 
and flue dusts. The principal suppliers to the United States were, 
in descending order by weight, China, Belgium, the United 
Kingdom, the Republic of Korea, and Canada. 


Production 


Although domestic production of primary refined bismuth 
ceased in 1997, some domestic firms continued to remelt 
bismuth alloy scrap. Secondary production was estimated to be 
less than 5% of domestic supply during 2012. 


Consumption 


The U.S. Geological Survey surveyed domestic bismuth 
Consumers on a quarterly and annual basis. The amount used 
by nonrespondents to the survey was estimated based on prior 
reports or on information from other sources. 
болна in pharmaceuticals included bismuth 
a е active ingredient in over-the-counter stomach 
с ave and other bismuth medicinal compounds used to 
RA ау disorders, and stomach ulcers in humans 
Seius 5 ismuth nitrate is the initial chemical used for the 
еу most bismuth pharmaceutical compounds. Other 
P'ications of bismuth chemicals and compounds include uses 


Bis . MC 
muth metal is used primarily as a major constituent of 


те and as a metallurgical additive (table 2). One 

alloys. are | 5, кон (low-melting-point, as low as 20 ?C) 

antimony nes nations of bismuth with other metals, such as 

for those allo mium, gallium, indium, lead, and tin. Applications 

Optical lens Ed fuel tank safety plugs, holders for 

Bl other articles for machining or grinding, 

also added ‚ те Sprinkler triggering mechanisms. Bismuth was 
in small amounts to aluminum and copper alloys 


а 
'Deceased. 
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to improve machinability, and to malleable iron to prevent 
formation of graphite flakes. 

In addition to lead-free glasses, pigments, shot for water 
fowl hunting, and solder, bismuth has been a substitute for lead 
added to certain steel products to provide greater machinability. 
Although bismuth has been used successfully to replace lead in 
various applications, it has been challenged as a lead substitute 
by tin and tungsten in some applications. 


Prices 


In 2012, the average Platts Metals Week New York dealer 
price for bismuth decreased to $10.10 per pound, a decrease 
of 1294 from that in 2011. The weekly average bismuth price 
range began 2012 at $11.50 to $12.00 per pound and declined 
during the year to $8.40 to $8.90 per pound at yearend. Industry 
Observers attributed the price decline to somewhat lower 
world demand. 


Foreign Trade 


U.S. exports of bismuth alloys, metal, and waste and scrap 
were 764 t, an increase of 2296 from that in 2011 (table 3). 
U.S. imports of bismuth metal were 1,700 t, a decrease of 
3% compared with that in 2011. The leading import source 
was China, which supplied 63% of the United States 
imports (table 4). 


World Review 


Bismuth was produced principally as a byproduct of 
the smelting of lead ores. In China, however, it was also a 
byproduct of fluorspar, tin, and tungsten ore processing. In 
Bolivia, the Tasna Mine, the only mine in the world known to 
produce bismuth from bismuth ore, has been on standby since 
the mid-1990s. 

World refinery production of bismuth was 16,000 t (table 5), a 
decrease of 7% from that in 2011. China was the world’s leading 
producer of refined bismuth accounting for 9096 of the estimated 
world total, followed by Mexico with 5%. 

Canada.—Adex Mining Inc. (Toronto, Ontario) planned 
to bring its Mount Pleasant, New Brunswick, tin-tungsten- 
molybdenum-bismuth mine back into production. The mine last 
operated from 1983 to 1985. Mount Pleasant is a polymetallic 
deposit with tungsten and molybdenum as the principal 
products. The company cited better-than-expected results from 
its 2011 drilling program at its North Zone and Saddle Zone. 
Adex started metallurgical feasibility testing during the first 
quarter of 2012, and in October, received an updated approval 
from the New Brunswick Department of Environment and Local 
Government to continue to maintain the Mount Pleasant Mine in 
its care-and-maintenance status (Adex Mining Inc., 2012a, b). 
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China. —Hunan Jinwang Bismuth Industry Co., Ltd. 
(Chenzhou City, Hunan Province) opened a new multimetal 
production plant in Xianxi. The facility has an annual 
production capacity of 4,000 metric tons per year (t/yr) of high- 
grade bismuth, 260 t/yr of silver, 200 t/yr of tellurium, and 
10 t/yr of gold. Jinwang, founded in 2001 in Chenzhou City, 
has been a leading bismuth producer. With the opening of the 
new plant, Jinwang claimed to be the world's leading bismuth 
producer (Chao, 2012). 

Henan Jinhong Co. Ltd. (Henan Province) commissioned a 
production line for antimony trioxide and bismuth metal. The 
new facility had the capacity to produce 1,500 t/yr of antimony 
trioxide and 360 t/yr of bismuth metal (Metal-Pages, 2012). 


Outlook 


Prior to the outset of the 2008 global recession, world bismuth 


consumption had been increasing by about 3% to 5% per year. 
However, the global economic slowdown led to substantial 
reductions in consumption. World consumption of bismuth 

in the steel sector has decreased, although the decrease was 
relatively minor compared with that in other use sectors. 

Most of bismuth's end uses, especially its use as a 
metallurgical additive, are in the industrial sectors of the 
economy. An increase in demand will likely depend on 
economic growth in emerging nations. 

Global lead mine production was expected to increase by 4% 
in 2013, although bismuth byproduct is produced from only 
a few of the world's lead mines (International Lead and Zinc 
Study Group, 2013). Bismuth from China could be expected to 
supply potential future increases in world demand. 
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SALIENT BISMUTH STATISTICS 


United States:' 
Consumption" metric tons 
Exports? | до. 
Imports for consumption do. 


Price, average, domestic dealer dollars per pound 
Stocks, December 31, consumer 


World production:*? 


metric tons 


Mine, metal content? 
Refinery 


*Estimated. 'Revised. do. Ditto. 


do. 
do. 


2008 


1,210 
375 
1,930 
12.73 
228 


7,500 
16,000 


2009 2010 


2011 2012 
812 " 636 ' 696 ' 647 
397 1,040 628 ' 764 

1,250 1,620 1,750 1,700 

7.84 8.76 11.47 10.10 

134 133 138 134 

| 7,500 ' 7,700 ' 8,1007 7,000 
i 14,000" 16,000" 17,000" 16,000 


'Data are rounded to no more than three significant digits; except prices. 
?Comprises bismuth metal and the bismuth content of alloys and waste and scrap. 


?Data are rounded to no more than two significant digits. 
^Excludes the United States. 
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TABLE 2 
ESTIMATED BISMUTH METAL CONSUMED 
IN THE UNITED STATES, BY USE! 


(Kilograms) 

Use 2011 2012 
Chemicals? 492,000 434,000 
Bismuth alloys 3 67,500 ' 52,100 
Metallurgical additives W W 
Other W W 

Total 696,000" 647,000 


"Revised. W Withheld to avoid disclosing 
company proprietary data; included in “Total.” 


'Data are rounded to no more than three significant 
digits; may not add to totals shown. 

"Includes industrial and laboratory chemicals, 
cosmetics, and pharmaceuticals. 


TABLE 3 
U.S. EXPORTS OF BISMUTH METAL, ALLOYS, AND WASTE AND SCRAP, 
BY COUNTRY! 
2011 
Quantity Quantity 
(kilograms, Value (kilograms, Value 

Country metal content) (thousands) metal content) (thousands) 
Belgium s. -- -- 56,100 $1,110 
Brazil 12,200 $111 2,350 32 
Canada 20,700 480 72,000 712 
China 28,000 253 36,200 337 
Colombia та 1,240 11 4,710 45 
Costa Rica = 11,600 120 7,960 90 
Czech Republic 3,410 31 -- -- 
France 44,100 400 2,610 24 
French Guiana -- -- 1,410 13 
Germany 9,320 85 3,270 51 
Hong Kong 1,490 20 32,100 292 
India 1,960 27 2,270 21 
Israel 2,420 22 1,470 13 
Јарап 21,900 240 -- -- 
Jamaica И = - 1,280 12 
Mexico 219,000 2,410 159,000 1,680 
Netherlands 3,750 34 1,670 46 
Singapore 9,690 135 4,500 80 
Taiwan 1,770 20 36 8 
Thailand 10,900 200 8,930 87 
United Kingdom 7,810 107 13,300 210 
Vietnam 216,000 ' 1,970 ' 351,000 3,190 
Other (13 Countriesy? 1,990 ' 10" 2,620 63 
Тога! 628,000 ' 6,690 ' 764,000 8,110 


Revised. — Zero. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes countries with a quantity less than 1,000 kilograms in 2011 and 2012. 


Source: U.S. Census Bureau. 
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TABLE 4 


U.S. IMPORTS FOR CONSUMPTION OF METALLIC BISMUTH, BY COUNTRY! 


2011 


2012 
Quantity Value Quantity Value 

Country (kilograms) (thousands) (kilograms) (thousands) 

Belgium 713,000 $17,300 505,000 $11,700 

Canada 11,600 285 11,400 330 

China 974,000 22,100 1,070,000 23,600 

Germany 824 49 200 11 

Korea, Republic of? 26,700 ' 627' 45,000 860 

Mexico? 135° 7" == = 

Netherlands 60 ' gr 127 27 

Sweden -- -- 128 7 

United Kingdom 22,700 666 63,800 1,550 

Vietnam 5 Tr <= E 

Total 1,750,000 41,100 1,700,000 38,100 
‘Revised. -- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


*Data for the Republic of Korea were erroneously reported as Kazakhstan, Mexico reported 
as Republic of Korea, and Netherlands reported as Mexico in 2011. 


Source: U.S. Census Bureau. 


BISMUTH: ESTIMATED WORLD MINE AND REFINERY PRODUCTION, BY COUNTRY"? 


TABLE 


‘Estimated data are rounded to no more than three significant digits. 


5 


(Metric tons) 
Mine Refinery Е 
Country? 2008 2009 2010 2011 2012 2008 2009 2010 2011 20112 
Belgium -- is us n = МА" NA! A лашы T M 
Bolivia’ 28 54 87 41' 10 92 73 2 31° = 
Bulgaria? 6 ~- 3 -- ' | 6 ЕЕ 3 Ф. 1 
Canada! 714 86 4 91 92 4 12174 150 150 150 150 145 
China 5.000 6,000 6,500 7,000 6,000 13,100 12,300 14,0007 15,000" 14,000 
Italy = = = E -- 5 5 5 5 5 
Јарап“ ~ ' -' -- -- -- 480 4 423 4 454 4 460 470 
Kazakhstan 150 -~ -- -- -- -- 90 150 150 150 
Межсо" > 1,132 854 952 935 800 1,132 854 952 935 800 
Peru^? 1,061 € 423 „= se У: 1,061 " 423 са " E 
Romania -- -~ -- is = NA! МА' МА ' МА ' МА 
Russia 70 65 50 50 ' 40 13 12 10 10° 8 
Total? 7,500 7,500 7,100 8,100 ' 7,000 16,000 " 14,000 ' 16,000 * 17,000 ' 16,000 
PPreliminary. ‘Revised. NA Not available. -- Zero. 


"Includes data available through August 8, 2014. Bismuth is produced as a byproduct of mining and processing other metals, mainly lead and 


tungsten, Not all mines that produce ores containing recoverable bismuth report their production. Therefore, some bismuth production may 
only be accounted for at the refinery level. 


*Belgium and Romania produced refined bismuth; available information is inadequate to make reliable estimates of output levels. 
“Reported figure. 


"Мите production was not reported and is assumed to be equal to reported refinery production. 


SRefinery production is estimated from reported net exports. Bismuth was produced as a byproduct of lead production. 
"Figures listed under mine output are the metal content of concentrates produced. 

®Refined bismuth was produced as a byproduct of zinc production. 

?World totals are rounded to no more than two significant digits. 
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BORON 
By Robert D. Crangle, Jr. 


Domestic survey data and tables were prepared by Christopher H. Lindsay, statistical assistant, and the world production 
table was prepared by Glenn J. Wallace, international data coordinator. 


U.S. consumption of minerals and compounds reported in 
boron oxide content increased in 2012; quantities were withheld 
to avoid disclosing company proprietary data (table 1). Turkey 
and the United States were the world's leading producers of 
boron minerals (table 6). World production of boron minerals 
increased in 2012 to an estimated 4.42 million metric tons (Mt) 
compared with 4.33 Mt in 2011 (excluding U.S. production). 
The United States exported 190,000 metric tons (t) of boric acid 
in 2012, a decrease from 235,000 t in 2011. In 2012, 456,000 t 
of sodium borates were exported, a decrease from 492,000 t in 
2011 (tables 1, 4). Boron imports consisted primarily of borax, 
boric acid, colemanite, and ulexite (tables 1, 5). 

Elemental boron is a metalloid with limited commercial 
applications. The main applications were as a doping agent in 
the manufacture of semiconductors and as an ignition source in 
airbags. The global rate of consumption of elemental boron was 
estimated to be 15 metric tons per year (t/yr). Boron compounds 
chiefly borates, are commercially important; therefore, boron 
products are priced and sold based on boric oxide content 
(B,0,), which varies by ore and compound, and on the absence 
or presence of sodium and calcium (table 2). Borax, one of the 
most important boron minerals for industrial use, is a white 
crystalline substance chemically known as sodium tetraborate 
decahydrate and is found in nature as the mineral tincal. Boric 
acid, also known as orthoboric acid or boracic acid, is a white, 
colorless crystalline solid sold in technical, national formulary, 
and special quality grades as granules or powder. Colemanite 
(hydrated calcium borate), kernite (hydrated sodium borate), 
tincal, and ulexite (hydrated sodium calcium borate) were 


the boron minerals of the most commercial importance in the 
United States (table 2). 


2 


Production 


entia make up 90% of the borates used by industry 
(83 А ће sodium borates tincal and kernite, the calcium 
Se “ emanite, and the sodium-calcium borate ulexite. 
e: des are associated with volcanic activity and arid 
Mojave м the largest borate deposits are located in the 
ue $e of the United States, the Alpide belt in southern 
я E : ndean belt of South America. As a result, 
to a lesser м у. primarily in California and Turkey and 
бо ia Argentina, Bolivia, Chile, China, and Peru. 
ides poun 5 and minerals were produced by surface and 
nes d mining and from brine. 
Sury te data for boron were derived by the U.S. Geological 
та voluntary survey of two U.S. producers—Rio 
(U.S. Borax) and Searles Valley 


Tinto Group's U.S. Borax Inc, 
om both companies were withheld 


Ыш, Inc. (ЗУМ). Data fr 
avoid dj i 
disclosing сотрапу proprietary data (table 1). 
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SVM (a subsidiary of the Indian company Nirma Ltd.) 
produced borax and boric acid from brines containing potassium 
and sodium borates that were extracted from three salt layers, 
up to 100 meters (m) deep, in Searles Lake, located near Trona 
in San Bernardino County, CA. SVM's Trona and Westend 
plants refined the brines, producing anhydrous, decahydrate, 
and pentahydrous borax. These brines also supplied other 
commercial salts in addition to sodium borates and boric acid. 
The Trona plant has a reported capacity of 27,500 t/yr В,О,, and 
the Westend plant has a reported capacity of 82,300 t/yr В,О.. 

U.S. Borax mined mainly tincal and kernite at Boron, CA, 
by open pit methods, and the ore was transported by truck to a 
storage area. The tincal had an average grade of 25.394 B,O, and 
the kernite had an average grade of 31.9% В,О,. Boric acid and 
refined sodium borates were produced at an onsite processing 
plant. Refined borate products were shipped by railcar or truck 
to North American customers or to the company's Wilmington, 
CA, facility and exported from the Port of Los Angeles. 
Specialty borate products were made at the Wilmington plant. 
According to a Securities and Exchange Commission report 
filed by U.S. Borax, the company produced 463,000 t of borates 
in 2012, a decrease of 8% from the 504,000 t reported in 2011 
(Rio Tinto plc, 2013, p. 26). 


Consumption 


The first reported use of borax was as a flux or bonding 
agent by Arabian gold and silversmiths in the eighth century, 
but current research suggests Babylonians may have used 
it 4,000 years ago. Today, borates are used in more than 
300 end uses, but more than three-quarters of the world's non- 
agricultural supply is sold and distributed for five end uses: 
glass, ceramics, soaps, detergents, and bleaches (Garrett, 1998; 
Hamilton, 2006). 

Agriculture.—Fertilizers represented the third-ranked 
application of borates. Boron was the most widely used 
micronutrient, applied primarily to promote fruit and seed 
production. Boron fertilizers were mostly sourced from borax, 
boric acid, and calcium borate owing to their high water 
solubility; thus, boron fertilizers can be delivered through 
sprays or irrigation water. Domestic consumption of boron 
fertilizers was estimated to be approximately 2% of total U.S. 
fertilizer consumption. 

Boron is essential for plant uptake of primary and secondary 
nutrients, such as calcium, manganese, magnesium, phosphorus, 
and zinc. It influences the transport of nutrients through plant 
membranes, which directly correlates into improved fruit 
development, germination, plant reproduction, and pollen 
production. Normal plant leaves typically contain 25 to 
100 parts per million of boron, with 1 kilogram per hectare of 
boron (1 pound per acre) in soil being adequate to maintain 
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these levels. In the United States, crops with boron deficiencies 
are often found in the Atlantic coastal plains, Great Lakes 
region, and the coastal Pacific Northwest, where soils tend to 
be acidic, leached, coarse sandy, or organic in nature. Excessive 
boron fertilization, on the other hand, can cause crop toxicity, 
which studies suggested was more often caused by higher 
boron levels in irrigation water than those in soil (Troeh and 
Thompson, 2005, p. 489). 

Ceramics.—Ceramics comprise the second-leading 
application for borates after glass, accounting for 10% of world 
consumption. Borates play an important role in ceramic glazes 
and enamels, increasing chemical, thermal, and wear resistance. 
Borax and colemanite are used in ceramics primarily as fluxing 
agents, with borax being used in higher temperature and 
colemanite in lower temperature firings. Borates also are used in 
technical ceramics, an industry with applications in aerospace, 
ballistics, electronics, and medicine, which experienced strong 
growth during the past decade. The amount of B,O, used in 
glazes varies between 8% and 24% and the amount used in 
enamels varies between 17% and 32% by weight. 

Boron carbide is a key ingredient in lightweight ceramic 
armor, the use of which increased United States and European 
consumption of boron carbide during the past few years. Small 
arms protective inserts, used by the U.S. military, are boron 
carbide ceramic plates inserted into Kevlar flak jackets to protect 
against high-velocity projectiles (Industrial Minerals, 2008b). 

Detergents and Soaps.—The use of borates in detergents and 
soaps represented the fourth-ranked market, accounting for 4% 
of world consumption. Borates were incorporated into laundry 
detergents, soaps, and other cleaning products because they 
can be used as alkaline buffers, enzyme stabilizers, oxygen- 
based bleaching agents, and water softeners. Two borates, 
sodium perborate and perborate tetrahydrate, were used as 
oxidizing bleaching agents because they contain true peroxygen 
bonds. Hydrogen peroxide, a very effective bleaching agent, is 
produced when sodium perborate undergoes hydrolysis while 
in contact with water. Because hydrogen peroxide cannot be 
effectively incorporated into detergents, sodium perborate 
acts as its carrier (Rio Tinto Borax, 2005). Sodium perborate, 
however, requires hot water to undergo hydrolysis, and concerns 
have emerged over excessive boron levels in waterways owing 
to sodium perborate in detergents. Sodium percarbonate 
has been used as a substitute primarily in Europe because 
it produces hydrogen peroxide at lower temperatures. This 
substitution has affected boron consumption. 

Ferroboron.—Ferroboron (FeB) is a binary alloy of iron with 
а boron content between 17.5% and 24% and is the lowest cost 
boron additive for steel and other ferrous metals. On average, 
the steel industry consumes more than 5076 of the ferroboron 
produced annually (Eti Holding Inc., 2003, p. 8). Boron steel, 

a product manufactured through the addition of ferroboron, 
possesses a higher strength and lighter weight than average 
high-strength steel, which makes it useful in the manufacture of 
safe and fuel-efficient automobiles (Ray and others, 1966). 

Fire Retardants.—Borates were incorporated into various 
materials, such as cellulosic insulation, textiles, and timber, 
to impart flame-retardant properties to the materials. Boric 
acid was incorporated into wood flame-retardants to inhibit 
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the transfer of combustible vapors and to reduce the effective 1 
heat of combustion, resulting in reduced flame spread. Zinc 
borate was used in plastics as a multifunctional boron-based oe 


fire retardant, with applications in a variety of plastics and 
rubber compounds. 


Glass.—The principal market for borates in 2012 was p 
glass, representing approximately 60% of global borate = 
consumption. Boron is used as an additive in glass to reduce ae 
thermal expansion; to improve strength, chemical resistance, 4 


and durability; and to provide resistance against vibration, = 
high temperature, and thermal shock. Boron is also used as a zs 
fluxing agent, reducing the viscosity of glass during formation = 
to improve manufacturing. Depending on the application and | 
quality of the glass, borax, бопс acid, colemanite, ulexite, and 
sodium borates can be used. 

Insulation and textile fiberglass represented the largest single 
use of borates worldwide, at 45% of world consumption. > 
End uses for fiberglass аге corrosion-resistant, heat-resistant, - 
and high-strength fabrics; insulation; reinforcement; and 5 
sound absorption. The incorporation of borates into fiberglass 
greatly improves quality, establishing a product that is strong, 
lightweight, and thermal and chemical resistant (Garrett, 1998). 

Borosilicate refers to glass with boric oxide content between : 
5% and 3096. The boron in borosilicate imparts many valuable : 
properties to the glass, such as increased mechanical strength, | 
low coefficient of thermal expansion, and resistance to chemical Е 
attack and thermal shock. Past application of borosilicate 
ranged from Pyrex? kitchenware to the thermal protection tiles Ў 
on the National Aeronautics and Space Administration Space 
Shuttle Orbiters. 

Other.—Various boron compounds are used in nuclear 
powerplants to control neutrons produced during nuclear fission. 
The isotope boron-10, in particular, possesses a high propensity 
for absorbing free neutrons, producing lithium and alpha 
particles after absorbing neutrons. Control rods composed of 
boron carbide are lowered into a nuclear reactor to control the 
fission reaction by capturing neutrons. Boric acid is used in the 
cooling water surrounding nuclear reactors to absorb escaping 
neutrons (Ceradyne Inc., 2011). 

Boron nitride is used in many cosmetics owing to its low 
coefficient of friction and lack of toxicity. It has been shown 
to be a useful alternative in those applications (Emsley, 

2004, p. 15-17). Boric acid has applications in cosmetics, 
pharmaceuticals, and toiletries. Borates are also added to brake 
fluids, fuel additives, lubricants, metalworking fluids, and water 
treatment chemicals. Boron oxide inhibits corrosion. 


Transportation 


Almost all U.S. borates were shipped in North America 
by rail. Both U.S. producers had rail fleets dedicated to the 
exclusive transportation of their products. Small quantities of 
borates were shipped by rail or truck in specialty bags, usually 
of 2,100-pound capacity. Prices for rail haulage depended on the 
ability of customers to load and unload efficiently, the ability to 
use unit trains and to supply one's own railcars, and fuel prices. 

SVM owned the Trona Railway, a 50-kilometer (km) | 
(31-mile) shortline railroad that connects to the Southern Pacific 


Railroad between Trona and Searles stations in California. 
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The Trona Railway provided a dedicated line with access to 
the national rail system for the borate, soda ash, and sodium 
sulfate markets. Nearly 80% of output was transported by rail 
to domestic consumers and to the ports of Long Beach, CA, and 
San Diego, CA, for export. 

The Boron Mine was served solely by the Burlington 
Northern Santa Fe Railroad. In order to connect to another 
rail line, a transload or transfer point was set up in Cantil, 
CA, served by the Union Pacific Railroad. Trucks of product 
from Boron were driven to Cantil, about 64 km (40 miles) 
northwest of Boron and loaded onto dedicated railcars to be 
shipped to customers. 

U.S. Borax used a privately owned berth located in the 
Port of Los Angeles, CA, for ocean transportation of borate 
products. Products destined for Europe were shipped from the 
bulk terminal in Wilmington, CA, to a company-owned facility 
in the Port of Rotterdam, Netherlands, company facilities in 
Spain, or contracted warehouses. The most centrally located 
U.S. Borax port location in Europe was Antwerp, Belgium. 
The industrial minerals market in Europe was characterized by 
high volumes of imported materials, mostly forwarded through 
the industrialized areas of Belgium, France, Germany, and 
the Netherlands for destinations in Central Europe, including 
Austria, the Czech Republic, and Slovenia. A decision to import 
borates was based on the geographic location, the range of 
borate products needed, and prices. 


Prices 


Prices for borates, based on publicly available information 
obtained through export data, decreased by 7% in 2012 
compared with those reported for 2011. 


Foreign Trade 


Exports of boron compounds and minerals decreased by 
11% in 2012 to 646,000 t from 727,000 t in 2011. In 2012, 
China received the largest combined amount of sodium borates 
and boric acid from the United States owing to increased 
consumption of borates used in China’s glass and ceramic 
industries. Boron compound imports of 97,000 t in 2012 
represented a 13% increase from the 84,000 t reported in 2011 
(table 1). In 2012, USS. imports for consumption of borax, boric 


acid, colemanite, and ulexite were 97,000 t, a 15% increase from 
84,000 t imported in 2011. 


World Review 


Argentina, — i | i 
h Sentina.—Argentina remained the leading producer of 


Пе in South America in 2012 (table 6). Borate 
ће PIS is primarily in the Puna region, which includes 
Peru, the жа пр of Argentina, the southeastern corner of 
кер ыры corner of Bolivia, and the northeastern 
а ecent increased consumption of borates in 

cs and glass Industries in Asia and North America 


led to in 
creased producti : : E 
in particular Production of Argentine borates, boric acid 


Borax 
die S.A. (a subsidiary of Rio Tinto Minerals), the 
Mine, the lane : producer of borates, operated the Tincalayu 

5681 Open pit operation in the country, which is 
BORON. 291 


№. 
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4,100 m (12,400 feet) above sea level. The deposit consisted 
primarily of borax, with rare occurrences of ulexite and 15 | 
other borates. Rio Tinto completed the sale of Borax Argentina 
in August 2012 to Orocobre Ltd., an Australian company with 
an Argentine subsidiary, for $8.1 million. (Orocobre Ltd., 
2013, p. 35). 

Minera Santa Rita S.R.L. (MSR) operated mines in 
Catamarca, Jujuy, and Salta Provinces and operated a processing 
plant in Campo Quijano, which produced granular deca- and 
pentahydrate borax, technical-grade boric acid powder, and 
various grades and sizes of natural boron minerals. MSR exports 
97% of its products to 28 countries through the port of Buenos 
Aires and by land to Brazil (Minera Santa Rita S.R.L., undated). 

China.—More than 100 borate deposits occur in 14 Provinces 
in China. The northeastern Province of Liaoning and the 
western Province of Qinghai accounted for more than 80% of 
the resources, mostly in the form of sassolite and tincal. China's 
boron resources are of low quality, averaging about 8.496 ВО, 
when compared to reserves in Turkey and the United States, 
which average about 26% to 31% and 25.3% to 31.994 В,О,, 
respectively (Industrial Minerals, 2008а; Baylis, 2010, p. 5). 

Turkey.—Approximately 73% of the world's boron reserves 
are in Turkey (Engineering and Mining Journal, 2012). The 
main borate producing areas of Turkey, all controlled by the 
state-owned mining company Eti Maden AS, are Bigadic 
(colemanite and ulexite), Emet (colemanite), Kestelek 
(colemanite, probertite, and ulexite), and Kirka (tincal). 
Production of refined borates increased during the past few 
years owing to continued investment in new refineries and 
technologies. Eti Maden planned to expand its share in the 
world boron market from 3696 to 3994 by 2013, increasing sales 
to $1 billion by expanding its production facilities and product 
range (Today's Zaman, 2009). 


Outlook 


Consumption of borates is expected to increase, зрштед by 
strong demand in the Asian and South American agriculture, 
ceramic, and glass markets. World consumption of borates was 
projected to reach 2.0 Mt В,О, by 2014, compared with 1.5 Mt 
B,O, in 2010 (O'Driscoll, 2011; Roskill Information Services 
Ltd., 2010, p. 167). 

The European Union (EU) added borates to a list of banned 
materials. Following an EU study that determined continuous 
exposure may be harmful, the ruling will require detergent 
makers to decrease their use of boron (Lismore, 2012). Demand 
for boron-based fertilizers was expected to rise as a result of 
an increase in demand for food and biofuel crops. Higher crop 
prices have enabled farmers to invest more capital in advanced 
farming techniques and higher grade fertilizers. Consumption 
of borates by the ceramics industry was expected to shift 
away from Europe to Asia, which accounted for 6096 of world 
demand in 2012. 

For more than a year following the devastating earthquake 
and tsunami that hit Japan in 2011, boric acid supplies remained 
limited in that country. Used extensively to cool the damaged 
Fukushima reactor cores following the destruction by the 
tsunami of the powerplant's cooling system, the demand for 
boric acid supplies remained high (Ollett, 2012). The demand 
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for boric acid is likely to remain high because its use as a 
coolant in nuclear powerplants may expand. 

Consumption of boron nitride is expected to increase owing 
to the development of high-volume production techniques 
coupled with the creation of new technologies requiring boron 
nitride. The properties intrinsic to cubic boron nitride, such as 
hardness (second only to diamond), high thermal conductivity, 
and oxidation resistance make it an ideal material in a variety 
of emerging applications. Hexagonal boron nitride was used 
in additives, ceramics, and intermetallic composites, imparting 


thermal shock resistance, improved machinability, and reduction 
of friction. 
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TABLE I 
SALIENT STATISTICS OF BORON MINERALS AND COMPOUNDS' 


(Thousand metric tons and thousand dollars) 


2008 2009 2010 2011 2012 
Sold or used by producers: 
Quantity: 
Gross weight W W W W W 
B5O; content W W W W W 
Value W W W W W 
Exports:? 
Boric acid: 
Quantity 303 171 264 235 190 
Value 165,000 109,000 170,000 166,000 155,000 
Seite... ee ава 
Quantity 519 417 423 492 456 
Value 192,000 176,000 218,000 244,000 259,000 
Imports for consumption: 
Borax: 
Quantity 1 (4) (4) saka 2 
Value 750 ' 376 183 959 * 844 
Boric acid: 
Quantity 50 36 50 57 55 
Value 26,200 26,100 30,100 40,800 43,000 
Colemanite: 
Quantity? 30 31 50 20 28 
Value 8,880 8,630 18,400 19,000 23,200 
Ulexite: 
Quantity? 75 28 1 5 12 
Value 22,600 11,300 238 858 2,940 
A Consumption, В.О; content W W W W W 
World, production? 4,480 3,760 ' 4,300 ' 4,330 € 4,420 * 


"Estimated. ‘Revised. W Withheld to avoid disclosing company proprietary data. 
| Sw | 
Data are rounded (о no more than three significant digits. 
“Source: U.S. Census Bureau. 
Includes orthoboric and anhydrous boric acid. Harmonized Tariff Schedule of the 
United States codes 2840.19.0000, 2840.20.0000, and 2840.30.0000. 
“Less than ^ unit. 
*Source: PIERS. 


US. production withheld to avoid disclosing company proprietary data. 
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TABLE 2 
BORON MINERALS OF COMMERCIAL IMPORTANCE 


B20;, 

Chemical weight 
Mineral! composition percentage 
Boracite (stassfurite) Mg3B,0)3Cl 62.2 
Colemanite Ca;B,O,,:5H;O0 50.8 
Datolite CaBSiO,0H 24.9 
Hydroboracite CaMgB,0,;°6H,O 50.5 
Kernite (rasorite) Na,B,07°4H,O 51.0 
Priceite (pandermite) Саву, 0,2 7Њ0О 49.8 
Probertite (kramerite) NaCaB40,:5H;O 49.6 
Sassolite (natural boric acid) H;BO; 56.3 
Szaibelyite (ascharite) MgBO,0H 41.4 
Tincal (natural borax) Na;B40,:10H;0 36.5 
Tincalconite (mohavite) Na;B40,:5H;O0 47.8 
Ulexite (boronatrocalcite) NaCaB,0,°8H,0 43.0 


Common пате in parentheses. 


TABLE 3 
YEAREND PRICES FOR BORON MINERALS AND COMPOUNDS 


(Dollars per metric ton) 


Price, Price, Price, 
December 31, December 31, December 31, 

Product 2010 2011 2012 
Borax, decahydrate, Buenos Aires 520 947-979 910—940 
Boric acid, Chile 735 1,390-1,460 1,250-1,309 
Colemanite, Buenos Aires, 40% boron oxide (8,03) 370—420 690-730 690—730 
Ulexite, Buenos Aires, 40% В.О} 350-380 666—697 666—697 
Ulexite, granular, Chile, 40% В.О: 400 692—734 692—734 
Ulexite, Lima, 40% В,О; 350-370 687—723 630—652 


Source: Industrial Minerals, no. 519, December 2010, p. 69; no. 531, December 2011, p. 61; no. 543, 
December 2012, p. 76. 
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ТАВГЕ 4 


1 
U.S. EXPORTS OF BORIC ACID AND REFINED SODIUM BORATE COMPOUNDS, ВУ COUNTRY 


Country 
Argentina 
Australia 
Belgium 
Brazil 
Canada 
Chili 
Сила  (— 
Colombia 
Costa Rica 
Ecuador 
France 
Germany 
Guatemala 
Honduras 
Hong Kong 
India 
Indonesia 
Italy 
Japan 
Korea, Republic of 

Kuwait 

Malaysia 

Mexico 
Netherlands — — 
New Zealand 
Pakistan 

Peru 


Philippines 


Russia 
Saudi Arabia 
Singapore 


South Africa 


Spain 
Taiwan 
Thailand 
United Kingdom 
Venezuela 
Vietnam 
Other 
Total 
‘Revised. -- Zero. 


2011 
Boric acid? 
Quantity Value? 
(metric tons) (thousands) 
253 $260 
1,880 1,150 
31 62 
923 1,360 
2,240 2,550 
39,800 25,400 
219 298 
40 46 
14 15 
407 207 
706 1,910 
20 22 
400 206 
4,010 2,860 
904 717 
|| 4 
35,700 27,900 
50,200 33,300 
20 14 
6,510 3,870 
7,600 6,400 
26,400 16,900 
277 195 
579 424 
20 25 
87 92 
298 216 
4,280 2,950 
1,160 2,230 
511 392 
43,400 29,100 
2,790 1,940 
5 24 
135 320 
2,430 1,820 
995 * 843 ' 

235,000 — 166,000 


Sodium 


borates“ 
(metric tons) 
30 
5,120 
12 
80 
23,400 
1,550 
134,000 
7,270 
1,630 
1,130 
278 
l 
2,450 
216 
20 
21,400 
11,000 
604 
25,800 
13,500 
2,200 
54,000 
36,300 
74,700 
1,470 
1,460 
656 
2,200 
128 
673 
913 
1,830 
700 
4,240 
8,740 
9 
46 
51,100 
1,590 ' 
492,000 


2012 
Boric acid? 
Quantity Value? 
(metric tons) (thousands) 
1 $4 
1,490 1,180 
1,340 1,680 
2,920 3,670 
19,300 14,100 
693 716 
10 13 
158 189 
216 370 
1,750 1,250 
20 23 
20 24 
4,660 3,360 
890 679 
230 225 
27,200 22,500 
40,700 34,300 
20 14 
3,490 2,710 
9,020 8,450 
31,300 23,900 
475 323 
669 470 
353 349 
77 62 
823 580 
1,790 2,880 
357 249 
33,600 25,600 
2,510 1,950 
32 16 
380 783 
2,100 1,500 
1,080 811 
190,000 155,000 


1 
Data are rounded to no more than three significant digits; may not add to totals shown. 
Harmonized Tariff Schedule of the United States (HTS) code 2810.00.0000. 
Free alongside ship valuation. 


4 
HTS codes 2840.19.0000, 2840.20.0000, and 2840.30.0000. 


Source: U.S. Census Bureau. 


Sodium 


borates" 
(metric tons) 
112 
6,400 
24 
324 
18,600 
1,920 
152,000 
7,760 
1,000 
1,600 
401 
5 
2,910 
1,710 
78 
26,000 
7,810 
2,190 
25,100 
14,300 
1,900 
62,800 
26,000 
62,200 
1,380 
1,250 
1,130 
2,300 
958 
372 
708 
2,040 
1,000 
4,070 
8,590 
26 
257 
7,410 
1,390 
456,000 
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ТАВГЕ 5 


U.S. IMPORTS FOR CONSUMPTION OF BORIC ACID, BY COUNTRY! 


Country 
Argentina 
Bolivia 
Brazil 
Chile 
China 
France 
Germany 
India 
Italy 
Japan 
Peru 
Russia 
Turkey 
United Kingdom 
Other 

Total 
-- Zero. 


2011 
Quantity Value? 
(metric tons) (thousands) 
506 $514 
4,180 2,840 
154 100 
8,750 7,180 
758 1,030 
270 277 
350 210 
175 265 
1,490 1,880 
58 38 
3,190 2,360 
1,180 785 
35,500 23,300 
18 23 
37 69 
56,600 40,800 


2012 

Quantity Value? 
(metric tons) (thousands) 
2,320 $2,330 
4,470 3,180 
7,200 5,660 
1,310 1,580 
378 386 
114 102 
77 90 
2,540 2,240 
98 90 
891 938 
480 399 
34,900 25,900 
44 89 
54,800 43,000 


'Data аге rounded to no more than three significant digits; may not add to totals 


shown. 


?U.S. customs declared values. 


Source: U.S. Census Bureau. 


TABLE 6 


BORON MINERALS: WORLD PRODUCTION, BY COUNTRY"? 


Country 
Argentina 
Bolivia, ulexite 
Chile, ulexite 
China** 

Iran, borax? 


Kazakhstan? 
Peru 


e је 7 
Russia" 


Turkey? 
United States 


2,139 
W 


(Thousand metric tons) 


2009 
500 
86 
608 

145 " 

(6) ' 
30 
187 
400 

1,800 * 
W 


2010 2011 2012* 
623 649 ' 650 
97 135 130 
504 489 444 3 
150° 150° 160 

1° 1" 1 

30 30 30 
293 199 ' 104 3 

400 400 400 

2,200 ^* 2,273 ' 2,500 

W w Ww 


Estimated. ‘Revised. W Withheld to avoid disclosing company proprietary data; not included in total. 
World total and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
? Includes data available through July 16, 2014. 


Reported figure. 
^Boron oxide (В›О;) equivalent. 


5Data are for years beginning March 21 of that stated. 


ST ess than М unit. 


"Blended Russian datolite ore that reportedly grades 8.6% B203. 


5Concentrates from ore. 
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BROMINE 
By Joyce A. Ober 


Domestic survey data and tables were prepared by Michelle B. Blackwell, statistical assistant, and the world production 
table was prepared by Glenn J. Wallace, international data coordinator. 


The United States remained one of three leading bromine 
producers in the world along with Israel and Jordan. World 
production of bromine for 2012, excluding the United States, 
was estimated to be 505,000 metric tons (t), compared with 
481,000 t in 2011 (tables 1, 6). China, Israel, Jordan, the 


United States, and at least six other countries produced bromine. 


[n 2012, bromine sold or used in the United States increased 
compared with that of 2011, but data were withheld to avoid 
disclosing company proprietary data. 

Bromine is one of two elements that are liquid at room 
temperature and is found principally as a dissolved species 
in seawater, evaporitic (salt) lakes, and underground brines 
associated with petroleum deposits. Primary uses of bromine 
compounds were in chemical and pharmaceutical intermediates, 
drilling fluids, flame retardants (FRs), pesticides, pollution 
control, and water treatment. 


Production 


Domestic production data for bromine were developed by 
the U.S. Geological Survey (USGS) from a voluntary canvass 
of the two U.S. producers—Albemarle Corp. and Chemtura 
Corp., both of which responded to the survey, represented 
100% of total production (table 2). Production data collected 
by the USGS were withheld to avoid disclosing proprietary 
information (table 1). 

Bromine was recovered from brine wells in Arkansas, where 
bromine is found in the Smackover Formation at a depth of 
about 2,400 meters with concentrations of 5,000 to 6,000 parts 
per million (ppm) bromine: by comparison, seawater contains 
60 to 70 ppm bromine (Hill, 2010; Albemarle Corp., 2013b, 

p. 8). During 2012, Albemarle was working toward expanding 
bromine capacity at its operations in Magnolia, AR, by drilling 
additional brine wells, although the company did not report the 
expected capacity at the completion of the project (Albemarle 
Corp., 2012a, p. 9, 82). 
i ominis processing, the spent brine is returned 
ва e into the production formation by class V injection 
FA ne regulated by the U.S. Environmental Protection 
$ ea n A). The chemical composition of the spent brine 
Hiis y similar to that of the original, except that the 
i Mis of the target elements (such as bromine and 
бы. BP 15 reduced, and the concentration of other elements 
US eee may have increased through substitution 
onmental Protection Agency, 1999, p. 1-2, 5). 


Recycling 


Some i : 
Б E solutions were recycled to obtain elemental 
казы to prevent the solutions from being disposed of as 
aste. Hydrogen bromide is emitted as a byproduct 
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from many organic reactions. This byproduct waste is recycled 
with virgin bromine brines and is a major source of bromine 
production. Plastics containing brominated FRs (BFRs) can be 
incinerated as a solid organic waste, and the bromine can be 
recovered (Frim and Ukeles, 2007). 


Consumption 


The USGS did not collect consumption data on bromine 
compounds. Apparent consumption of bromine in the 
United States, calculated by the USGS from production plus 
imports minus exports, increased in 2012. The major consumption 
categories were, in order of magnitude, FRs, pharmaceuticals and 
agricultural chemicals, drilling fluids, rubber, and water treatment 
chemicals (Albemarle Corp., 2012a, p. 52). Other uses included 
butyl rubber, dyes, mercury emission control, photographic 
chemicals, and surfactants. 

Estimated bromine consumption in BFRs was slightly 
less than 50%; BFRs are chemicals commonly used in many 
domestic and industrial appliances; electronic equipment, such 
as computers, mobile telephones, and televisions; and other 
items, such as furniture, insulation boards, mattresses, and 
textiles. About 90% of all electrical components contain BFRs. 

Calcium bromide, sodium bromide, and zinc bromide, 
collectively referred to as clear brine fluids, were used in the 
oil- and gas-well-drilling industry for high-density, solids- 
free completion, packer, and workover fluids to reduce the 
likelihood of damage to the well bore and productive zone. 
These high-density fluids also help to prevent migration of fluids 
between underground formations through the well bore. Oil 
and gas drilling activity in the United States, measured by the 
number of wells completed, was higher in 2012 than in 2011, as 
a result of the expanded oil drilling on private and State lands 
(American Petroleum Institute, 2013). 

Another major use of bromine is as a water purifier and 
disinfectant, which is an alternative to using chlorine. 
Brominated compounds are used for water treatment in hot tubs 
and swimming pools and to control algae and bacterial growth 
in industrial processes. 

Bromine compounds are effective pesticides, used both as 
soil fumigants in agriculture, particularly fruit growing, and 
as a fumigant to prevent pests from attacking stored grain 
and fresh produce. World trade in agricultural goods depends 
on the use of bromine compounds to ensure compliance with 
mandatory quarantine rules. Bromine compounds also are 
used as intermediates to make other agricultural chemicals. 
Methyl bromide is the leading bromine-containing pesticide in 
the world, but its use was declining owing to the ban imposed 
by the 1987 Montreal Protocol, which classified it as a class I 
ozone-depleting substance. As part of the Montreal Protocol, 
wealthy countries were to stop using the pesticide by 2005; 
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however, the United States has received annual exemptions 

for crops and other critical uses (for example, cucumbers, 
melons, orchard replants, peppers, post-harvest uses, squash, 
strawberries, and tomatoes). The critical use exemption is for 
applications where no technically or economically feasible 
alternatives to methyl bromide exist. In 2012, the EPA 
authorized use of 1,023 t or 4.0% of the historic 1991 baseline 
consumption of methyl bromide for approved critical uses 
(U.S. Environmental Protection Agency, 2012, p. 29222). Use 
of methyl bromide also was allowed through a quarantine 

and preshipment exemption for agricultural commodities and 
lumber. Methyl bromide is a broad spectrum pesticide used in 
the control of nematodes, pathogens, pest insects, rodents, and 
weeds. Domestically, methyl bromide has proven to be difficult 
to replace because of its low cost and usefulness against a large 
variety of agricultural pests. 

The use of bromine and bromine compounds to remove 
mercury from flue gas emissions at coal-fired electric 
powerplants was an expanding use for bromine. Inorganic 
bromine compounds, such as calcium bromide and sodium 
bromide, when mixed with coal at powerplants, react with 
mercury in combustion zones, forming mercury compounds that 
are captured in scrubbers, removing 9096 of mercury liberated 
during combustion (Chemtura Corp., 2009). Southern Research 
Institute (Birmingham, AL) developed a system that converts 
calcium bromide to elemental bromine gas, which then reacts 
with mercury in coal-fired powerplant flue gas to form mercuric 
bromide, which is captured and retained in the powerplant's wet 
scrubbers (Southern Research Institute, undated). 


Transportation 


Bromine in bulk quantities is transported in the United States 
in 7,570- and 15,140-liter (L) lead-lined pressure tank railcars or 
6,435- to 6,813-L nickel-clad pressure tank trailers. The trailers 
must be filled at least 92% full to prevent inertia effects of the 
heavy liquid while on the highway. International shipments by 
The Dead Sea Bromine Group are in 15.2- to 23.3-t lead-lined 
tank containers (isotanks) with a volume of 5,300 to 8,000 L. 
For smaller quantities, lead-lined tanks (goslars) of 3.5 t (four 
tanks packed on one isoframe) and drums of 400 ki lograms 
are used. Dry nitrogen gas is recommended for use in pressure 
transferring bromine, although dry air may be used. The gas 
used must be absolutely dry or severe corrosion results. When 
exposed to a high-humidity atmosphere, the water content of 
bromine can exceed 300 ppm. If the water content exceeds 
70 ppm, the corrosiveness of bromine to many metals increases 
(Frim and Ukeles, 2007). 


Prices 


Because the bromine industry has few producers, published 
price lists of bromine and bromine compounds were not 
available. Although companies typically announce price 
increases by percentage increase, they normally do not 
publish actual price data. Price increases were announced by 
product categories separately, typically as elemental bromine 
and hydrobromic acid, BFRs, or clear brine fluids. In 2011, 
Albemarle announced the global minimum price for elemental 
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Согр., 2011), but no updated information was available in 2012. 
Chemtura announced a price increase for methyl bromide in 5 
February (Chemtura Согр., 20126). Albemarle announced price = 
increases for one of ће company's BFRs іп April and May and : 
increased prices on clear brine fluids in December (Albemarle 
Corp., 2012b, c, d). No other pricing announcements were made 
during 2012. 

Although not exactly the same as prices, average unit values 
of exported and imported bromine were an indication of price » 
trends for bromine in 2012. The average value of exported 
elemental bromine, including cost, insurance, and freight, was 
$2,670 per metric ton, a 3996 increase from $1,920 per ton in 
2011. The average values of exported ethylene dibromide and 
methyl bromide increased by 20% and 63%, respectively. Unit 
values for imported bromine compounds varied greatly, with 
changes ranging from a 21% decrease to a 27% increase. 


bromine, delivered, to be $4,500 per metric ton (Albemarle А 


Foreign Trade 


Bromine exports were about 9% lower than those in 2011 | 
(tables 1, 3). The value of exported elemental bromine and 
bromine compounds increased by 3596 compared with that 
of 2011 because of price increases for bromine compounds 
imposed in 2011. Elemental bromine imports were about 5896 
higher than those of 2011, but total imports of bromine and 
bromine compounds were 12% higher. Overall, the import value 


for elemental bromine and bromine compounds increased by 
12% in 2012. 


World Review 


The U.S. share of world bromine production has decreased 
as other countries have strengthened their positions as world 
producers of elemental bromine. Israel, the United States, Jordan, 
China, Japan, and Turkmenistan, in descending order, had the 
leading bromine production capabilities in 2012, although none 
of these countries operated at capacity (tables 2, 5). Actual 
production did not necessarily reflect capacity. 

China.—In China, bromine operations аге in Shandong 
Province. In the past, many unlicensed bromine facilities 
operated in the area, but since 2006, the Shandong Provincial 
government and the Government of China had closed down 
unlicensed operations. Only six companies were thought to be 
licensed to produce bromine. 

Bromine production capacity was available for only one 
company in China. For that reason, China's estimated bromine 
production is substantially higher than the capacity listed in 
table 5. Although specific information, by operation, was not 
available, the bromine operating capacity in China likely was 
about 150,000 metric tons per year (t/yr). | 

Gulf Resources, Inc., one of the leading bromine producers n 
China, announced the discovery of an underground brine deposit 
in Sichuan Province with six to seven times the bromine content 
of the deposits at which the company operates in Shandong | 
Province. Further exploration was planned to delineate the size 
of the deposit and estimate the quantity of bromine contained in 
it (Gulf Resources, Inc., 2012). 
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India.—Chemtura announced an agreement to acquire the 
bromine assets of Solaris ChemTech Industries Ltd., the leading 
bromine producer in India. The purchase included two elemental 
bromine production operations, a facility that produces multiple 
bromine compounds, and a research and development center. 
Headquarters for the new unit were expected to be in New 
Delhi. Chemtura intended to expand the bromine units and 
implement proprietary technology to improve productivity and 
efficiency at the operations. In addition, the acquisition will 
expand Chemtura's presence in the region (Chemtura Corp., 
20122; Syrett, 2012). 

Israel. —ICL Industrial Products (Tel Aviv) was опе of 
the world's leading producers of elemental bromine, with 
approximately 40% of global capacity. In 2012, ICL produced 
174,000 t of elemental bromine. ICL processes brines from the 
Dead Sea, which contain more than 10,000 ppm of bromine, a 

| much higher concentration than the next richest source found in 
U.S. brine wells, which contain 5,000 to 6,000 ppm (Albemarle 
Corp., 2013b, p. 8). 

Jordan.—Jordan Bromine Со. (a joint venture between 
Albemarle and Arab Potash Co.) on the Dead Sea continued its 
project to double elemental bromine capacity to 100,000 t/yr 
bromine. Although the first phase of the project was scheduled 
for completion in late 2012, the commissioning was delayed 
until early 2013. Completion of phase two to double bromine 
derivative capacity was expected by mid-2013 (Albemarle 
Corp., 2013a). 

The Natural Resources Authority (NRA) of Jordan reported 
bromine production in 2011 to be 148,000 t (Natural Resources 
Authority, 2012, p. 29). Even when fully operational, the 
expansion project at Jordan Bromine was not expected to reach 
that level of elemental bromine production. No reports indicated 
that more than one bromine producer operated in Jordan, 
although the Government data indicated that Jordan may have 
become the world's leading bromine producer. Discrepancies 
between reported capacity and production estimates made by 
the NRA in 2008-11 and estimated production for 2012 possibly 


could be the result of double counting of bromine production 
and derivative compounds. 


Outlook 


Between 40% and 50% of domestic consumption of 
bromine is for FRs. In 2012, demand for FRs, particularly in 
the construction and electronics industries, increased as the 
economy recovered. Although FR usage fluctuates along with 
Overall cycles in the economy, world consumption of FRs is 
он lo increase, assuming sustained economic growth. 
aD E efforts in Europe for BFR plastics in electrical usage, 
ен to recycle than some other FR compounds, may 
vile е demand for BFR products. Use of BFRs, however, 
ђе y Increase at a slower pace than FRs in general 

Cause of legislative mandates and customer demand for more 
тоа friendly materials. 
* iSi. demand for FRs would be driven by the use of FRs 
anal ng countries as they begin to adopt more stringent 
re таа and begin to use more plastics. Countries 
sa e Pacific region likely would be the leading 

ers of FRs, Above-average gains in the demand for FRs 
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were expected to take place in Africa, Eastern Europe, the Middle 
East, and Latin America. More moderate growth in FR use was 
expected for markets in North America and Western Europe. 

Bromine use in clear brine fluids is highly dependent 
on fluctuations in the oil and natural gas drilling industry. 
Consumption of clear brine fluids in crude oil and natural 
gas drilling was expected to increase as demand for these 
commodities increases. Expectations for drilling increasingly 
deep and high-pressure oil and gas formations, especially 
using deep water hydraulic fracturing techniques, increase the 
likelihood of greater demand for clear brine fluids 
(Albemarle, 201 2a, p. 53). 

Bromine water treatment chemical use was expected to show 
modest growth during the next several years. Bromine has been 
found to be safer than its substitutes in sanitary preparations 
because bromine has a higher biocidal activity level for the 
same volume of product. The use of bromine compounds 
was expected to continue increasing in the hot tub, spa, and 
swimming pool sector as a gentler disinfectant than chlorine. 
Global demand for water treatment products was projected to 
increase in developing markets, such as China and India, as a 
result of continued industrial expansion and increased efforts to 
expand access to safe water supplies. 

Bromine use in photography is declining as digital imaging 
replaces film in consumer and professional photography. 

Most feature films for movie theater presentation are shot 
using printed film; however, the use of digital technology was 
expected to increase and overtake film in these applications 
during the next decade. 

The market potential for bromide-based technologies to 
remove mercury emissions at coal-fired powerplants is an 
area of potential growth for the industry. Using bromide 
compounds for abatement of mercury emissions appears to 
be more cost effective compared with other materials, such as 
chlorine-, fluorine-, or iodine-base compounds. The EPA issued 
regulations for reducing mercury emissions at powerplants by 
an estimated 91% within 4 years of 2011, when the rule took 
effect, were likely to increase demand for bromine and bromine 
compounds for that application (U.S. Environmental Protection 
Agency, 2011). 
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TABLE 1 
SALIENT BROMINE STATISTICS! 


(Metric tons and thousand dollars) 


пнд 


2008 2009 2010 2011 2012 
United States: 
Bromine sold or used:” 
Quantity W W W W W 
Value W W W W W 
Exports: = 
Quantity (Br equivalent) 9,640 6,130 8,150 7,150 6,430 
Value 16,200 12,500 22,300 18,400 24,900 
Imports for consumption:^ ? 
Quantity (Br equivalent) 41,200 36,000 45,400 47,300 ' 53,100 
Value 97,300 81,000 88,900 104,000" 116,000 
Apparent consumption W W W W W 
World, production"? 415,000 320,000 ' 644,000" 481,000” 505,000 


*Estimated. ‘Revised. W Withheld to avoid disclosing company proprietary data. 

'Data are rounded to no more than three significant digits. 

?Elemental bromine sold as such to nonproducers, including exports, or used by primary U.S. producers 
in preparing bromine compounds. 

ЗЕхром values are free alongside ship. 

^Source: U.S. Census Bureau or PIERS (see table 4). 

*Import values are cost, insurance, and freight. 

$Excludes U.S. production. 


TABLE 2 
ELEMENTAL-BROMINE-PRODUCING PLANTS IN THE UNITED STATES IN 2012 


Capacity! 
Production (thousand 
State and company County Plant source metric tons) 
Arkansas: 
Albemarle Corp. Columbia Magnolia South Well brines NA 
Do. do. Magnolia West do. NA 
____ 06. Union Satellite plants do. NA 
NC с. 148 ? 
Chemtura Corp. do. El Dorado Central and El Dorado South do. Tt? 
Do. do. Marysville West do. 36 
a Dó: do. Newell do. 23 
Total 59 
Grand total BEER a 


m do. Ditto. NA Not available. 

“Actual production capacity is limited by brine availability. 

Cumulative capacity of Magnolia South, Magnolia West, and Satellite plants. 
"Cumulative capacity of El Dorado Central and El Dorado South plants. 
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TABLE 3 
U.S. EXPORTS OF BROMINE AND BROMINE COMPOUNDS"? 


2011 


2012 
HTS? Gross weight Br equivalent Value’ Gross weight Br equivalent Маме" 
Compound number (metric tons) (metric tons) (thousands) (metric tons) (metric tons) (thousands) 

Elemental bromine 2801.30.2000 4,580 4,580 $8,790 3,730 3,730 $9,960 
Other compounds: 

Ethylene dibromide 2903.31.0000 1,490 1,260 4,940 854 726 3,420 

Methyl bromide 2903.39.1520 1,540 1,300 4,670 2,340 1,970 11,500 

Grand total 7,610 7,150 18,400 6,930 6,430 24,900 
" These data detail the information included in table 1 under “Exports.” 
?Data are rounded to no more than three significant digits; may not add to totals shown. 
*Harmonized Tariff Schedule of the United States. 
“Declared cost, insurance, and freight valuation. 
Source: U.S, Census Bureau. 
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TABLE 5 
SELECTED WORLD BROMINE ANNUAL PLANT CAPACITIES AND SOURCES AS OF DECEMBER 31, 2012! 
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BROMINE: ESTIMATED WORLD PRODUCTION, BY COUNTRY? 


(Metric tons) 


Capacity 
(metric 
Country and company or plant Location tons) Source 

Azerbaijan, Neftechala Bromine Plant Baku 4,000 | Underground brines. 
China, Laizhou Bromine Works Shandong 43,000 Do. 
India: 

Hindustan Salts Ltd. Jaipur МА Seawater bitterns from salt production. 

Mettur Chemicals Ltd. Mettur Dam NA Do. 

Tata Chemicals Ltd. Mithapur NA Do. 

Total 1,500 

Israel, ICL Industrial Products Sodom 280,000 _ Bitterns of potash production from surface brines. 
Japan, Toyo Soda Manufacturing Co. Ltd. Tokuyama 20,000 Seawater. 
Jordan, Jordan Bromine Co. Ltd. Safi 50,000 Війегпѕ of potash production from surface brines. 
Spain, Derivados del Etilo S.A. Villaricos 900 Seawater. 
Turkmenistan: 

Cheleken Chemical Plant Cheleken Region 4,740 Оо. 

Nebitdag Iodine Plant Vyshka 2,370 | Underground brines. 
Ukraine, Perekop Bromine Plant Krasnoperekopsk 3,000 Do. 
Do. ditto. МА Not available. 
'Excludes U.S. production capacity, which is detailed in table 2. 

TABLE 6 


Country? 2008 2009 2010 2011 2012 
Azerbaijan 3,500 3,500 3,500 3,500 3,500 
China 135,000 93,000 " 100,000 ' 100,000 ' 100,000 
Germany’ 1,680 5 985 > 1,500 5 1,900 "5 1.500 
India 1,500 1,500 1,500 1,500 1,500 
Israel? 164,042 127,689 184,696 202,313 ' 174,000 
Japan 20,000 20,000 20,000 20,000 20,000 
Jordan 85,000 > 69,000 5 329,000 5 147,988 ^5 200,000 
Spain -- ' -- т -' at -- 
Turkmenistan 150 150 150 150 150 
Ukraine 4,416 > 4,121 > 4,100 4,100 4,100 
United States W W W W М 

Total 415,000 320,000 ' 644,000 ' 481,000 ' 505,000 


"Revised. W Withheld to avoid disclosing company proprietary data; not included in total. -- Zero. 


"World totals, U.S, data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
*Table includes data available through September 27, 2013. 


>In addition to the countries listed, several other nations, including Iran, were thought to produce bromine, but output data were not 
reported; available general information is inadequate to formulate reliable estimates of output levels. 
"Includes bromides and oxides. 


‘Reported figure. 
$Sold or used by producers. 
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CADMIUM 
By Amy C. Tolcin 


Domestic survey data and tables were prepared by Jesse J. Inestroza, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


Refined cadmium was produced domestically at three 
facilities. One company recovered cadmium as a byproduct of 
zinc leaching from roasted sulfide concentrates at a smelter in 
Tennessee, and the other two companies recovered secondary 
cadmium metal from recycled nickel-cadmium (NiCd) batteries 
at facilities in Ohio and Pennsylvania. Annual domestic 
production data for 2011 and 2012 were withheld to avoid 
disclosing company proprietary data. 

The United States was a net exporter of cadmium metal 
(including alloys, powders, and waste and scrap), and in 
2012, net exports totaled 439 metric tons (t). Cadmium metal 
was primarily exported to China (6796), Hong Kong (23%), 
and Canada (4%) (table 3). Australia (3196), Canada (24%), 
the United Kingdom (2294), and Mexico (2196) supplied the 
majority of imports (table 4). The annual average New York 
dealer price of cadmium metal in 2012 decreased by 26% from 
that of 2011 to $2.03 per kilogram ($0.92 per pound). 

In 2012, global primary production of cadmium, excluding 
U.S. production, was 21,100 t (table 5). Secondary cadmium 
Was estimated to account for about 25% of all cadmium metal 
produced. Most secondary cadmium metal was recovered from 
NiCd battery recycling. According to the World Bureau of Metal 
Statistics (2012, p. 21), global consumption of primary cadmium 
was 16,200 t in 2011 (latest data available). NiCd battery 
production continued to account for the majority of global 
cadmium consumption. Other end uses for cadmium included 
mE Ku ue coatings, pigments, polyvinylchloride 
ds semiconductors for solar cells. The percentage 
qiu e onsumed globally for NiCd battery production 
Node А Тће percentages for the other traditional 
redi) e REC NI coatings, pigments, and 
ике лү, gra lually decreased during the past few | 
жа ан а о environmental and health concerns. Cadmium 
Ни и shapes and forms depending оп end use: 

re commonly consumed for alloys; balls and 


spheres for plating; and flakes, powder, or sticks for chemicals 
and pigments. 


Production 


ааа ойсо Domestic data on the recoverable 
primary ane 0! zinc concentrates, the principal source of 
typical zinc жа, ч not available. The cadmium content of 
апо conce, a trates ranges from 0.2% to 0.3%. In 2012, 
ennessee. Zinc Producing States were Alaska, Missouri, and 
exported for ios from Alaska and Missouri were 
smelted and о апа concentrates from Tennessee were 
M. E domestically. 
etal Production, р) 


Were collected by the U 
à Volunt | 


omestic metal production data 
5 S. Geological Survey (USGS) from 
ГУ Survey on production of cadmium metal and 
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compounds. In 2012, cadmium metal was produced at one 
primary and two secondary smelters. 

Primary.—The Clarksville refinery [owned and operated by 
Nyrstar NV (Balen, Belgium)] in Tennessee was an electrolytic 
zinc refinery that produced Special High Grade and Continuous 
Galvanizing Grade zinc. Byproducts included cadmium metal, 
copper sulfate, germanium concentrate, sulfuric acid, and 
synthetic gypsum. In 2012, Nyrstar's Tennessee Valley zinc 
mines supplied an estimated 9696 of the zinc concentrate feed 
at Clarksville, an increase from 7396 in 2011, and the balance 
was imported from Canada and Mexico. Zinc in concentrate 
production at the Tennessee Valley zinc mines increased by 
36% in 2012 from that of 2011 to 109,000 t owing to the 
implementation of Nyrstar's “Mining for Value" plan, which 
improved mining efficiency and performance (Nyrstar NV, 
2013, p. 23). 

Secondary.—The International Metals Reclamation Со. 
(INMETCO), owned by Horsehead Holding Corp., had the 
capacity to produce 4,540 t of secondary cadmium metal at 
its metals recovery facility in Ellwood City, PA. The facility 
produced 99.95% and 99.99% cadmium ingot and shot. The 
cadmium recovery plant processed large industrial and portable 
consumer NiCd batteries through eight retort furnaces to 
recover cadmium. Spent NiCd batteries were secured from the 
Rechargeable Battery Recycling Corp. and through INMETCO's 
own collection programs. The bulk of the cadmium metal 
produced was sold back to battery manufacturers. During the 
fourth quarter, INMETCO operated at a reduced production rate 
owing to an annual maintenance outage and a fire that happened 
in late October. The facility returned to full capacity by mid- 
December, and repairs were expected to be completed by the 
end of the first quarter of 2013 (Horsehead Holding Corp., 
2013a, p. 31; b). 

On a smaller scale, Toxco Inc.'s recycling operations in 
Lancaster, OH, also recovered cadmium ingots from NiCd 


batteries. 


Consumption 


Approximately 8676 of the cadmium consumed globally was 
used in NiCd batteries, 996 in pigments, 4% in coatings, and 
1% in various uses including alloys, solar cells, and stabilizers 
(Morrow, 2011, p. 10). 

Nickel-Cadmium Batteries.—The NiCd battery industry 
was almost exclusively concentrated in Asia, and leading 
manufacturers included BYD Co., Ltd. (China), Panasonic 
Corp. (Japan), and Sanyo Electric Co., Ltd. (Japan). Small 
portable NiCds accounted for 80% of the cadmium consumed 
for the production of NiCd batteries and were used to power 
consumer electronics (commonly, power tools). Large industrial 
NiCd batteries accounted for the remaining 2096 of consumption 
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and were used predominantly for aeronautical and railway 
applications. In airplanes, NiCd batteries provided startup 
power for jet engines and emergency backup power for aircraft 
electrical systems. In railway and transit systems, NiCds were 
used to start locomotive engines and to power passenger cars 
and trackside signaling (Morrow, 2011, p. 10-11). 

Pigments.—Cadmium pigments are inorganic and based 
on cadmium sulfide, which is golden yellow in color. 

The replacement of zinc or mercury for cadmium and the 
replacement of selenium for sulfur forms the spectrum of 
cadmium pigments that range from bright yellow to maroon. 
Cadmium pigments were predominantly used to color 
engineering plastics that were processed at high temperatures, 
because the pigments were able to withstand elevated 
temperatures without degrading. 

Coatings and Plating.—Cadmium coatings were used by the 
aerospace industry and military for some critical applications 
where coating substitution might compromise operational 
safety; the metal was commonly used to plate fasteners in 
aircraft landing gear and parachutes owing to a combination of 
properties not present in other anticorrosive coatings. 


Prices 


The 2012 average Platts Metals Week New York Dealer price 
for 99.95%-minimum-purity cadmium was $2.03 per kilogram 
($0.92 per pound), 26% less than the average price in 2011. 
This price reflected the average price of cadmium traded on a 


spot-basis; however, most cadmium produced was sold through 
long-term contracts. 


World Review 


Global cadmium production totaled 21,100 t in 2012 (table 5), 
a slight increase from the amount produced in 2011. Most of the 
world's refined cadmium (6396) was produced in Asia (Australia, 
China, India, Japan, North Korea, and the Republic of Korea), 
followed by 2096 in Europe and Central Eurasia (Bulgaria, 
Germany, Kazakhstan, the Netherlands, Norway, Poland, and 
Russia), 13% in North America (Canada and Mexico), and 4% in 
South America (Argentina, Brazil, and Peru). 

In Asia, China was the leading producer of cadmium metal 
and accounted for 35% of global production. In Japan, cadmium 
was produced at Dowa Metals and Mining Co., Ltd.'s Akita zinc 
smelter, Mitsui Mining and Smelting Co., Ltd.'s Hachinohe and 
Kamioka smelters, Sumitomo Metal Mining Co., Ltd.'s Harima 
zinc smelter, and Toho Zinc Co., Ltd.'s Annaka zinc smelter 
(Roskill's Letter from Japan, 2013а). Cadmium production 
declined significantly at the Harima smelter in 2012 because 
Sumitomo switched its feed material from concentrates to 
secondary zinc oxides during the year. The company announced 
that the change in raw material would result in a 50% decrease 
in cadmium production at the plant (Sumitomo Metal Mining 
Co., Ltd., 2011). In the Republic of Korea, Korea Zinc Ltd.’s 
Onsan zinc-lead refinery had the capacity to produce 3,000 
metric tons per year (t/yr) of refined cadmium, and Young Poong 
Corp.’s Sukpo zinc refinery had the capacity to produce 1,400 | 
t/yr of cadmium. Most of the cadmium produced in the Republic 
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of Korea was exported to China. In India, Hindustan Zinc Ltd. 
(HZL) produced cadmium metal at its Chanderiya lead-zinc 
smelter complex, Debari zinc smelter, and Vizag zinc smelter. 
HZL's cadmium metal production capacity was 830 t/yr. Binani 
Zinc Ltd. also produced a small amount of cadmium at its zinc 
plant in Binanipuram, India. Production capacity was 80 t/yr of ! 
cadmium. In Australia, Nyrstar's Hobart zinc smelter in Tasmania iu 
produced an estimated 300 to 400 t/yr of cadmium metal from 3 
Zinc concentrates sourced from zinc-lead mines in Australia. = 
In North America, refined cadmium was produced in YI 
Canada, Mexico, and the United States. Teck Resources Ltd.'s 
metallurgical complex in Trail, British Columbia, Canada, 
could produce up to 1,400 t/yr of refined cadmium. Cadmium 
metal products included balls, billets, and sticks for NiCd 
battery manufacturing and continuously cast cadmium sheet for 5 
radiation shielding. Teck also produced cadmium chemicals. E 
HudBay Minerals Inc.'s copper smelting and zinc refining 
operations in Flin Flon, Manitoba, Canada, also produced 


-se 


cadmium metal. In Mexico, Industrias Pefioles S.A.B. де C.V.'s H 
Met-Mex metallurgical complex in Torreón produced about . 
730 t of cadmium in 2012, a slight decrease from the amount 


produced in 2011, and Grupo México S.A.B. de C.V.'s zinc s 
smelter in San Luis Potosi produced about 600 t of cadmium in n 
2012, unchanged from that of 2011. Grupo México's Charcas и 
Mine supplied the majority of zinc concentrates treated at the т 
San Luis Potosi refinery (Industrias Рейо1е$ S.A.B. de C.V., | 
2013; Southern Copper Согр., 2013, p. 60). 

In Europe and Central Eurasia, cadmium metal was produced 
at КСМ S.A.’s Plovdiv апа OTZK plc's Kardjali zinc smelters ii 
in Bulgaria; at Xstrata plc's Nordenham zinc smelter in : 
Germany; at Kazzinc JSC’s metallurgical complex in Ust- | 
Kamenogorsk, Kazakhstan; at Nyrstar's Budel zinc smelter in 
the Netherlands; at Boliden AB's Odda zinc smelter in Norway; 
at Huta Cynko's zinc smelter in Poland; and at Chelyabinsk Zinc 
Plant OJSC’s zinc refinery and Ural Mining and Metallurgy 
Co.'s electrozinc lead-zinc refinery in Russia. | 

А small amount of primary cadmium was produced in South , 
America at three zinc smelters—Glencore International AG’s 
Sulfacid plant in Argentina; Votorantim Metais' Juiz de Fora 
zinc smelter in Brazil; and Cajamarquilla zinc smelter in Peru. 

Globally, secondary cadmium production was thought to have 
accounted for approximately one-quarter of all cadmium metal 
produced. Most secondary metal was recovered at NiCd battery 
recycling facilities in Asia, Europe, and the United States. In 
Japan, NiCd battery recyclers included Kansai Catalyst Co., 

Ltd., Mitsui Mining and Smelting Co., Ltd., and Toho Zinc Co., 
Ltd. In Europe, NiCd battery recycling took place at Accurec 
GmbH's facility in Germany, Saft AB's plant in Sweden, and 
Societe Nouvelle D' Affinage des Metaux's two recycling 
facilities in France. 

Global refined cadmium consumption was 16,200 t in 2011 
(latest data available), slightly less than that of 2010. China. 
was the leading consumer accounting for 33% of consumption, 
followed by Belgium (32%), and Japan (11%). Most of the 
NiCd battery manufacturing industry was located in China and, 
to a lesser degree, in Japan. Japanese production of portable 
NiCd batteries decreased by 5% in 2012 from that of 2011 (0 
176 million units. Total portable rechargeable battery production 
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in Japan declined by 996 in 2012. China imported a large 
percentage of the global cadmium produced outside of China; 
2012 imports of unwrought cadmium totaled 12,600 t, 
equivalent to about 63% of global production outside of 

China and was 74% more than the amount imported in 2011. 
Leading import sources included the Republic of Korea (3576), 
Kazakhstan (996), Mexico (996), Russia (796), Japan (7%), 
and Canada (696). In Belgium, Floridienne Chimie S.A., and 
intermediate processor of cadmium, accounted for almost all 
of the country's cadmium consumption for the production 

of cadmium compounds (carbonate, nitrate, and oxide) and 
powder, which were then exported to downstream consumers 
in Asia. It was estimated that Floridienne consumed up to 
7,200 t/yr of refined cadmium. In 2012, Belgium imported 
3,690 t of unwrought cadmium (Metal Bulletin, 2009; World 
Bureau of Metal Statistics, 2012, p. 21; Metal-Pages, 2013; 
Roskill’s Letter from Japan, 2013b). 


Outlook 


Concern over cadmium's toxicity has spurred legislation, 
especially in the European Union, to restrict the use of cadmium 
in most of its applications. However, cadmium-containing 
residues will continue to be produced as a byproduct from zinc 
smelting, regardless of cadmium demand. If the applications 
and markets for cadmium continue to decline, excess byproduct 
cadmium may need to be permanently stockpiled and managed. 

NiCd batteries had been favored for use in less expensive 
consumer appliances and electronics owing to their cost 
advantage over other battery chemistries. The average price of a 
NiCd battery in 2012 was about $1.20, 62% less than the price 
ofa lithium-ion battery and 77% less than that of a nickel-metal 
hydride battery (Roskill’s Letter from Japan, 2013b). During the 
past few years, lithium-ion batteries have begun to replace NiCd 
batteries in some low-cost electronics, as the manufacturing 
cost of Li-ion batteries has been decreasing and their electrical 
Storage capacity increasing. 

NiCd batteries, however, were expected to continue to be 
used In certain industrial applications because of their superior 
rs and stability compared to the other rechargeable 
ыш a and demand may actually increase owing 
ace usage in some industrial applications. NiCd 
sibs мүн x» battery-powered electric vehicles and are 
TINA imited number of hybrid electric vehicles. NiCd 
ludos are used as buffers in transportable, renewable 
SCR lior, systems developed to generate electricity in 
Nie Ку and underdeveloped regions. Industrial- 
паса à 4 les potentially could be used to store energy 
слету DR m on-grid solar or wind systems. Excess 

н и n $ : uring periods of low electricity demand could 
be dispatched 5 ету storage system, from which it would later 
uring periods of high electricity demand. NiCd 
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may be a favored battery chemistry for this use owing to its 
stability in offshore and harsh weather environments. 
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TABLE 1 
SALIENT CADMIUM STATISTICS! 


2008 2009 2010 2011 2012 
United States: 
Production of metal metric tons 777 633 637 W W 
Shipments of metal by producers do. 774 731 563 W W 
Exports of metal, alloys, scrap do. 421 661 306 271 631 
Imports for consumption, metal, alloys, and scrap do. 197 122 221 211 192 
Apparent consumption of metal do. 528 199 47] W W 
Price, average, New York dealer? dollars per pound 2.69 1.30 1.77 1.25 0.92 
Do? dollars per kilogram 5.92 2.87 3.90 2.76 2.03 
World, refinery production metric tons 21,600‘ 20,300 ' 22,700 ' 20,400 ' 20,900 * 
"Estimated. "Revised. Do., do. Ditto. W Withheld to avoid disclosing company proprietary data. 
'Data are rounded to no more than three significant digits, except prices. 
"Primary and secondary cadmium metal. Includes equivalent metal content of cadmium sponge used directly in production of compounds. 
ЗРисе for 1- to 5-short ton lots of metal having a minimum purity of 99.95% (Platts Metals Week). 
TABLE 2 
SUPPLY AND APPARENT CONSUMPTION OF CADMIUM METAL! 
(Metric tons) 
n 2008 2009 2010 2011 2012 
Producer stocks, January 12 107 132 27 W W 
Production 777 633 637 W W 
Imports for consumption, metal, alloys, and scrap 197 122 221 211 192 
Exports of metal, alloys, scrap 42] 661 306 271 631 
Producer stocks, December 3 12 132 27 102 ү W 
Consumption, apparent” 528 199 471 W W 
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W Withheld to avoid disclosing company proprietary data. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


?Beginning stocks may not equal ending stocks of the prior year owing to inventory adjustments. 
?Total supply minus exports and yearend stocks. 
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TABLE 3 
U.S. EXPORTS OF CADMIUM PRODUCTS, BY COUNTRY AND TYPE! 


CADMIUM.— 2012 


2011 2012 
Quantity Quantity 
(kilograms) Value (kilograms) Value 
Cadmium (Cd) metal: 
Brazil 5,960 $69,200 -- -- 
Canada 11,600 81,700 24,000 $127,000 
China 192,000 443,000 425,000 780,000 
Colombia 110 4,410 12,900 27,300 
Germany 114 158,000 15,200 401,000 
Hong Kong 3,060 13,400 148,000 89,200 
Israel 29,200 128,000 -- -- 
Korea, Republic of 19,500 32,700 216 14,200 
Mexico 6,230 51,400 1,500 12,800 
Singapore 2,040 8,270 2,540 19,000 
United Kingdom 901 34,100 981 58,600 
Other 301 ' 53,800 1,260 54,700 
Total 271,000 1,080,000 631,000 1,580,000 
Of which: 
Unwrought and powder 62,900 223,000 253,000 406,000 
Waste and scrap 4,700 64,400 -- BR 
Other 204,000 790,000 378,000 1,180,000 
Cadmium sulfide, gross weight: 
Finland -- -- 9,340 4,850 
Germany 40,500 21,000 -- = 
Italy 18,900 9,830 -- = 
United Kingdom 12,100 6,300 -- = 
Тога! 71,500 37,200 9,340 4,850 
Total, calculated Cd content 55,600 XX 7,260 XX 
Cadmium pigments: 
Belgium 7,980 57,600 -- == 
Brazil 73,100 638,000 56,700 400,000 
Canada 309,000 2,020,000 11,300 178,000 
Chile 2,350 9,260 1,260 7,310 
China 175 9,440 12,700 95.800 
Colombia 198 10,900 1,200 51,800 
Dominican Republic -- -- 860 15,100 
Есџадог 4,340 68,000 = = 
ЕІ Salvador 22 = 220,000 354,000 
Germany 4,560 230,000 423 11,500 
Guatemala 40,000 77,900 455 5,990 
Hong Kong = - 1,820 21,900 
India 3,320 44,900 11,000 28,100 
Israel 901 9,620 2,950 32,200 
Italy РА Z 699 57,900 
Jamaica 883 25,600 -- -- 
Korea, Republic of 404 9,950 12,200 53,200 
Mexico 988,000 3,610,000 1,530,000 5,110,000 
Russia 9,180 162,000 = = 
Taiwan 1,010 35,300 100 4,580 
Trinidad and Tobago 34,200 100,000 50,700 142,000 
United Arab Emirates 14,400 14,400 3,800 25,800 
United Kingdom 127 3,050 451 8,750 
Other 5,870 ' 109,000 ' 7,460 99,000 
Total 1,500,000 7,250,000 1,920,000 6,700,000 


Revised. XX Not applicable. -- Zero. 


Data are rounded to no more than three significant digits; may not add to totals shown. 


2 
Includes exports of unwrought cadmium, other cadmium, and waste and scrap. 


Source: U.S. Census Bureau. 


ТАВГЕ 4 


U.S. IMPORTS OF CADMIUM PRODUCTS, BY COUNTRY AND TYPE! 


2011 2012 
Quantity Quantity 
(kilograms) Value (kilograms) Value 
Cadmium (Cd) metal? 
Australia 56,000 $235,000 59,000 $152,000 
Austria 39 2,490 -- -- 
Belgium 20,300 480,000 6,290 177,000 
Canada 30,000 849,000 45,400 688,000 
China 1,510 12,500 236 6,700 
France 96 16,800 -- =~- 
Germany 10,100 28,100 -- -- 
India -- -- 2 4,250 
Јарап 20 30,500 22 39,900 
Korea, Rebublic of 40,600 119,000 -- -- 
Мехісо 20,000 52,800 40,000 88,800 
Реги 10,000 34,400 =- -- 
United Kingdom 21,900 169,000 41,400 124,000 
Total 211,000 2,030,000 192,000 1,280,000 
Of which: 
Unwrought and powder 201,000 1,240,000 170,000 1,160,000 
Waste and Scrap 23 3,600 1,280 21,500 
Other 9,140 786,000 21,300 97,000 
Cadmium oxide: 
Belgium 97,500 930,000 65,000 659,000 
Total, calculated Cd content 85,400 XX 56,900 XX 
Cadmium sulfide, gross weight: 
Canada 149,000 696,000 18,200 107,000 
China 22 5,100 -- -- 
Germany 20,400 34,900 25 12,800 
India 1,560 19,400 -- -- 
Malaysia -- -- 11,700 32,200 
Russia 59,000 2,090,000 4,000 788,000 
United Kingdom 5 14,700 3 6,300 
Total 230,000 2,870,000 34,000 946,000 
Total, calculated Cd content 179,000 XX 26,400 XX 
Cadmium pigments: 
Belgium 1,050 15,500 2,920 43,600 
Brazil 11,700 360,000 2,950 118,000 
Canada 2,750 35,400 2,000 34,300 
China 900 24,000 33,200 1,270,000 
Colombia -- -- 3,000 12,000 
Finland -- -- 584 5,510 
France 100 6,490 -- -- 
Germany 232,000 1,280,000 235,000 1,320,000 
India 1,510 69,000 -- -- 
Japan 1,500 71,600 2,920 296,000 
Taiwan 1,460 14,200 -- - 
United Kingdom 90,000 1,650,000 72,200 1,340,000 
Total 343,000 3,530,000 355,000 4,450,000 


XX Not applicable. -- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
?Includes imports of unwrought cadmium, other cadmium, and waste and scrap. 


Source: U.S. Census Bureau. 
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TABLE 5 
CADMIUM: WORLD REFINERY PRODUCTION, BY COUNTRY"? 


(Metric tons) 
CORE. ee eee 
Country? 2008 2009 2010 2011 2012* 
Argentina 38 36 32 31" 30 
Australia" 350 370 350 390 380 
Brazil" 200 200 200 200 200 
Bulgaria" 460 420 420 420 420 
Canada’ 1,409 1,299 1,357 ' 1,203 ' 1,100 
China‘ 6,960 7,050 7,360 € 7,000 7,300 
Germany** 420 278 290 300 300 
India 599 627 * 632" 616° 620 
Italy МА ' МА ' NA‘ NA' NA 
Japan 2,126 1,824 2,053 ' 1,755 1,800 
Kazakhstan* 1,100 1,300 1,400 1,300 ' 1,300 
Korea, North NA' МА ' NA‘ МА ' МА 
Korea, Republic of 3,090 2,500 4,166 3,005 " 3,000 
Mexico 1,550 1,510" 1,464 ' 1,485 " 1,624 > 
Netherlands" 530 490 560 570 560 
Norway 178 249 300 309 310 
Peru 371 289 357 $12 684 > 
Poland d 603 534 45] 526 € 530 
Russia" 800 700 700 700 700 
United States” 777 633 637 W W 
Total 21,600 ' 20,300 ' 22,700 ' 20,400 ' 20,900 


Estimated. 'Revised. NA Not available. W Withheld to avoid disclosing company proprietary data, not included in total. 

This table gives unwrought production from ores, concentrates, flue dusts, and other materials of both domestic and imported origin. Sources 
generally do not indicate if secondary metal (recovered from scrap) is included or not, where known, this has been indicated by a footnote. This 
table includes data available through September 12, 2013. 

2 5 
World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


In addition to the countries listed, Italy and North Korea had produced cadmium, but available information is inadequate to make reliable 
estimates of output levels. 


"Includes secondary. 
"Reported figure. 


CADMIUM.. 2015 


Original from 
UNIVERSITY OF CALIFORNIA 


Digitized by Google 


әјбооб-рағәѕп sse22e/DJuo'i1snauirui1eu:www//:d11u / рогтатбтр-о1јбоод ‘итешоа 2тудпа 
26980710101' 127/1202/19и ' ојрџец' 1р4//:58334 / IW 00:11 SI-80-tcOZ UO рэзелэиэ9 


CEMENT 
By Hendrik G. van Oss 


Domestic survey tables were prepared by Richard H. Kraft, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


Portland and masonry cement production in the United States 
increased by 9.2% in 2012 to a total of 74.2 million metric 
tons (Mt) (table 1). The performance was the third consecutive 
annual increase but remained well below the record output of 
99.3 Mt in 2005. In terms of sales to final domestic customers, 
U.S. consumption of portland and masonry cement increased 
by 8.7% to 78.6 Mt (table 9), likewise well below the 2005 
record consumption level of 127.9 Mt and, except for 2009—11, 
the lowest level of consumption since 1992. On a rounded, ex- 
factory basis, the average unit value (“price”) for cement was 
stagnant in 2012 but the higher volumes led to a 9.096 increase 
in overall value of sales to $7.0 billion (tables 1, 11-13); 
still low compared with the record value of sales of $12.9 
billion in 2006. Portland and masonry cements are the binding 
agents in concrete and most mortars. On the basis of typical 
portland cement mixing ratios in concrete, the delivered 
value of concrete (excluding mortar) in the United States was 
estimated to be at least $41 billion in 2012. World production 
of cement in 2012 was about 3.8 billion metric tons (Gt), up by 
about 5% (table 22). 

Percentage or other changes expressed in this report compare 
activity in 2012 with that of 2011 unless specified otherwise. 
Except where otherwise indicated, data and trends in this report 
exclude those in Puerto Rico. Cements covered in this report are 
limited to those hydraulic varieties broadly classified as portland 
cement (including blended cement and other varieties listed 
in table 15) and masonry cement (including portland-lime and 
plastic cements). A few other types of hydraulic cement (notably 
aluminous cement) and (or) clinker are included in some of the 
trade data (tables 16-18, 21) and within the world production 
data (lable 22). This report’s tables exclude supplementary 
cementitious materials (SCMs), such as fly ash, other pozzolans, 
and ground granulated blast furnace slag (GGBFS), except 
to the degree that the SCMs are incorporated within finished 
За (blended) ог masonry cements or are used as raw feed 
~ еј Sales data for blended (also called 
sellin ee listed separately from portland cement are 
Пева e monthly Mineral Industry Surveys reports of the 

gical Survey (USGS), 

а ка is based on data compiled from USGS 
(жуды: Ы pis 5 cement and clinker manufacturing 
clude eren үр i ution facilities and import terminals, 
ее Бег iss S that are independent of US. cement 
M2 out of Lie Pas ‚ questionnaires were received for. 
included all Ока Шеш; а response rate of 9795, which 
tetumed fully cop, ни facilities. Not all forms were 
reporting for ета ~ ed, Ds the data received included 100% 
T Malum т ot cement and clinker and all but 0.9% 
for 2011 ку кл nnages listed in the tables. Likewise, 

› aires were received for 153 of 157 sites 
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canvassed, including all the production sites and 10096 of 
production data. Missing data were estimated on the basis of 
monthly data or past annual reporting. The apparent decline 

in the number of forms in 2012 reflects a combination of plant 
closures and consolidation of reporting by some companies 

for certain distribution terminals or accounting inventories that 
previously had been reported separately. For both years, the data 
exclude a few importers that did not participate in the surveys. 
To the degree that they were independent of the respondent 
companies, sales by the missing importers were estimated to be 
no more than an additional 0.4% of the total portland cement 
sales in 2012 and 0.2% of the total portland cement sales in 
2011. General background information on cement and its 
manufacture and on the USGS cement canvasses can be found 
in van Oss (2005). 


Government Programs and Environmental Issues 


A large fraction of cement sales (within concrete) are to public 
sector construction projects, and these sales are thus dependent 
on various Government funding sources, especially for new 
construction rather than repairs. With reduced tax revenues 
available and disagreements on funding priorities, Government 
funding for public sector construction in recent years has been 
significantly constrained despite general agreement that the 
U.S. transportation infrastructure is in need of a great deal of 
repair and upgrading. 

The issue of dumping of foreign cement into the U.S. market 
has declined in importance in recent years owing to the major 
recession-related downturn in cement consumption overall 
and a substantial collapse in cement imports. In August 2012, 
Texas Industries, Inc. filed an antidumping suit against imports 
of cement from Greece and the Republic of Korea into Texas 
(Houston-Galveston customs district; see table 18) claiming 
that these imports were being sold at less than fair value and 
were hurting Texas producers, most of whom were producing at 
levels well below capacity (Texas Industries, Inc., 2012). Large 
tonnages of cement from the Republic of Korea have come into 
Texas for many years, but no cement from Greece had come 
in between February 2006 and March 2012, when significant 
imports resumed. The cement from these two countries was 
being imported through a major terminal that is a joint venture 
among three major Texas cement producers. 

Environmental issues pertaining to the cement industry mostly 
result from the manufacture of the intermediate product called 
clinker. In making clinker, the consumption of large amounts 
of carbonate raw materials and fuels leads to large emissions 
of carbon dioxide (CO,), and can yield significant emissions 
(if not scrubbed out) of nitrogen oxides (NO,), sulfur oxides 
(SO,), mercury and some other metals, volatile organic carbon 
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compounds, and particulates. Increasingly, these emissions were 
regulated or were being considered for more stringent regulation. 

The largest volume of emissions by far is of CO,; the 
cement industry is one of the leading industrial emitters of this 
greenhouse gas (GHG). Overall, emissions of CO, by the U.S. 
cement industry in 2012 were calculated to be about 59.4 Mt, 
or about 0.88 metric ton (t) of CO, per ton of clinker produced. 
This calculation incorporates the average of two methodologies 
of estimating the emissions from the combustion of fuels, one 
using “standard” heat values for the fuel quantities consumed 
(table 7), and the other, which yields a lower result, incorporates 
heat values actually reported by the individual plants. For 
emissions from calcination of limestone, a standard emissions 
factor of 0.51 t of CO, per ton of clinker is included; this factor 
derives from the Intergovernmental Panel on Climate Change 
(IPCC) (Hanle and others, 2006), but excludes any correction 
for cement kiln dust (CKD) not recycled to the kiln (for which 
data are lacking). The calculation also does not include any 
deduction, within the calcination component of emissions, for 
calcium oxide contributed by noncarbonate alternative raw 
materials such as ferrous slags and coal combustion ashes. 

This deduction would allow a reduction of calcination-related 
emissions of about 2.8% (nearly 1 Mt) in 2012 and about 2.7% 
in 2011. This is equivalent to removing the total emissions 
(including from fuels and without adjustments) of 1.5 “average” 
U.S. cement plants for each year. Relative reductions can be 
significantly larger for the subset of individual plants that 
actually burn these alternative raw materials. Certain fuels, 
including alternative or waste fuels, can either directly reduce 
plant-level СО, emissions or may be allowed to be deducted 
from reported combustion emissions because they are lower in 
carbon content per unit heat, they are considered to be carbon- 
neutral (certain biofuels), or because credits may be allowed for 
their use (certain waste fuels). Fuel deductions have not been 
made in the averages noted above. Apart from substitution of 
alternative raw materials, plant-level emissions from combustion 
can be reduced through upgrading to more fuel-efficient kiln 
line technology. Unit emissions on a finished product basis can 
also be reduced by use of SCMs and crushed limestone or other 
fillers in finished cement and in concrete to reduce the clinker 
content of these products. 

The U.S. Environmental Protection Agency (EPA) continues 
to apply emissions factors similar to those noted above to the 
USGS published data on clinker production (but including 
a 2% addition related to CKD not recycled to the kilns) to 
calculate and formally report GHG emissions associated with 
the U.S. cement industry. The USGS and EPA calculations, 
being based on the IPCC methodology for cement, have about 
а 5% uncertainty. To refine its GHG estimations, the EPA 
was comparing its calculations to the results of mandatory 
GHG reporting by major emitter industries; these data 
began for the 2010 (emissions) data year and are available 
for 2010-12 as summary spreadsheets for each year (U.S. 
Environmental Protection Agency, 2014). For 2012, the cement 
industry reported total СО, emissions of 59.9 Mt, equivalent 
to 0.89 t CO, per ton of clinker (as applied to the USGS 
clinker total), excluding reported but insignificantly small 
CO,-equivalent emissions of methane and nitrous oxide (N OQ). 
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Only 12 (14 including Puerto Rico) U.S. cement plants lacked 
a continuous emissions monitoring system (CEMS); for plants 
lacking a CEMS, the CO, emissions were reported separately 
for calcination and combustion, whereas for plants having a 
CEMS, the emissions were reported as a grand total. 

Various other emissions from cement plants have come under 
stringent regulation in recent years. In 2010, the EPA issued 
“final” rules pertaining to the national emissions standards 
for hazardous air pollutants (NESHAP), in which new, very 
low limits on individual plant emissions of mercury, total 
hydrocarbons, particulate matter (as a surrogate for nonvolatile 
metal pollutants), and hydrochloric acid were established 
for cement plants that do not burn hazardous wastes, and, 
separately published performance standards and emissions 
guidelines for commercial and industrial waste incinerator 
(CISWI) units. In response to comments from the cement 
industry, CISWI operators, and the public, the NESHAP rules 
have been revised several times, with one such proposal being 
released in July 2012 (U.S. Environmental Protection Agency, 
2012) that revised the particulate matter emissions limits, and, 
perhaps more significantly for the cement industry, proposed a 
delay in the overall compliance deadline to September 9, 2015. 
A final rule was expected in early 2013. A list of the various 
environmental rules pertaining to the cement industry is available 
from the EPA (U.S. Environmental Protection Agency, 2013). 


Production 


In response to increased sales, U.S. production of portland 
cement rose by 9.296 to 72.2 Mt in 2012 (table 3). Production 
increased in all districts except for Illinois and Oregon and 
Washington, and most districts recorded increases in excess of 
10%. Illinois's decline was despite significant sales increases 
in its market region and likely reflected competition from 
producers in neighboring States; one Illinois plant continued to 
be idle all year. A nearly 1-Mt increase in Missouri's production 
in part reflected frequent monthly achievement of full capacity 
output levels by the country's highest capacity cement plant, 
first brought online in 2009, which serviced markets throughout 
the Mississippi River region. Notwithstanding the increases, 
district output levels remained well below full practicable 
capacity (considered to be 85% utilization or higher). Yearend 
stockpiles of portland cement increased by 9.2%. Although 
these stocks are incorporated into the calculation of apparent 
consumption (table 1), they are as much affected by yearend 
weather conditions as by construction contracts, and they 
include stock buildups ahead of scheduled kiln shutdowns for 
routine maintenance, commonly scheduled for early in the 
following year. | | 

Cement production capacity is reported directly (as grinding 
capacity) by the individual plants and changes reported from 
year to year can reflect a variety of factors, such as shifts in 
demand for cements of various degrees of fineness, upgrades of 
grinding equipment, shifts of some capacity to other products 
(such as GGBFS), new plants, and plant closures. In 2012, the 
overall grinding capacity decreased by nearly 2 Mt, of which 
about 1.2 Mt was accounted for by the closure of a plant in 
southern California in mid-201 1, and the formal closure ofa 
plant, idle since mid-2009, in Mississippi; both facilities were 
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removed from the 2012 plant count. An idle plant in New York 
was closed officially in March 2012, but because it had been 
idle throughout 2011 as well, it was considered to be closed for 
both years and was removed from the 2011 plant count. The 
2012 plant count remained inflated because of the inclusion 

of a few idle facilities for which no formal closures had been 
announced by yearend 2013. Plants closed during a given year 
are retained in that year's count if any production from them 
was recorded during the year. In a number of cases, closed and 
idle production facilities continue to be operated as cement 
distribution terminals. 

À significant increase in housing construction during 2012 
led to a 9.776 increase in masonry cement production to 
1.9 Mt (table 4), but should be viewed in light of both factors 
in 2011 constituting a very low basis. The 2012 production of 
masonry cement was only about 36% of the record output in 
2005, and annual outputs for 2009—12 were the lowest recorded 
since at least 1954 (data for 1954 and prior years are incomplete 
and thus not comparable). 

With multiple subsidiaries of common parents combined 
under the larger subsidiary's name and with joint ventures 
apportioned, the 10 leading cement companies at yearend 2012 
were, in descending order of portland cement production, 

Holcim (US) Inc., CEMEX, Inc., Lehigh Cement Co., 
Buzzi Unicem USA Inc. (including Alamo Cement Co.), 
Ash Grove Cement Co., Lafarge North America Inc., Eagle 
Materials, Inc., Texas Industries, Inc. (TXI), Essroc Cement 
Corp., and St. Marys Cement. The U.S. industry remained 
heavily consolidated, with the 5 leading cement companies, 
combined, contributing 62% of total U.S. portland cement 
production, and the 10 leading companies accounting for 79% 
of total production. Of the above named companies, all except 
Ash Grove, Eagle Materials, and TXI were foreign owned as 
of yearend. For the U.S. industry overall, about 82% of total 
cement output and capacity was by foreign-owned companies. 
| In line with portland cement, output of clinker in 2012 
Increased by 9.7% to 67.2 Mt (tables 1, 5), still well below the 
record 99,3 Mt in 2005 and, except for 2009—11, the lowest 
output since 1993. Monthly production (not tabulated in this 
report) showed gains in all months except November, and 
х а in excess of 10%. Except for Maine and 
Ы D inois, all districts registered clinker production 
bx im VR UE large increases noted In California (up 
ЕЕ Е. а (up by 0.66 Mt), Missouri (up by 0.94 Mt), 
E MAR (up by 0.65 Mt). Apparent annual capacity 
Килы it px notwithstanding the official closure 
lel ds о Ississippi and Idaho, but the statistic is 
пена ^ n on the characterization of the reported days 
Ss RR routine maintenance. As in 2011, many plants 
lise nus S downtimes for this purpose in 2012; 
ibfeilose die are vious, Corrections were made in both years 
аг га downtime (a result of slow sales) from 
Statistic, Capacity utilization (likewise d d h 
downtime reporting) b 0 и 
his was biol 8) Was about 63% overall, and although 
gher than the 58% recorded in 2011, it continued to 
reflect a number of plants that i ioni 
number of idle o were idle ad year, a significant 
and би Нана nong the plants that were in production, 
rmal total amounts of downtime for many 
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of the producing kilns. Although all districts were well below 
the 85% that is considered to represent full practicable capacity 
utilization, all but three districts showed significant increases 
in capacity utilization. In terms of plant (kiln) technology, the 
count for wet plants declined by two owing to closure of the 
long-idle plant in Mississippi and the announced closure by 
yearend of the only plant in Idaho; the latter's kiln had been 
idle since early 2009 but the plant continued to grind clinker 
(produced elsewhere) through 2012. The dry plant count was 
unchanged. The kiln count dropped by two overall, representing 
three kiln closures (Idaho, Mississippi) and one new kiln 
(southern Texas). 

Nonfuel raw materials consumed to make clinker and 
cement are listed in table 6. Cement plants can be quite flexible 
regarding the raw materials that they burn to make clinker, and 
although the ratios among the groupings of raw materials, and 
between them and the amounts of clinker and cement produced, 
appear broadly similar for the 2 years shown, increases for 
some raw materials in 2012 significantly exceed the overall 
percentage increase in the production, especially, of clinker 
for the year. For materials that are used in comparatively 
small quantities, large relative increases may not be significant 
because they likely reflect activity at just a few plants. As an 
example, although steel slag as a partial substitute for limestone 
is generally useful as a way to reduce CO, emissions and total 
heat consumption in making clinker, much of the 5094 increase 
in steel slag consumption in 2012 reflected a very large increase 
reported by a single plant among the several that used the 
material. In contrast, for large tonnage materials, large relative 
increases may be significant, at least where not due simply 
to respondent misidentification of the material (common, for 
example, among the ferrous slags). In this regard, there appears 
to have been a significant shift from fly ash (up by only 1%) to 
bottom ash (up by 38%) for clinker. These two coal combustion 
byproducts have similar compositions in terms of major oxides 
but bottom ash is typically significantly lower in its trace | 
contents of mercury. Several plants indicated that their switch 
to bottom ash was an attempt to reduce mercury emissions in 
light of the new NESHAP limits, and, in some cases, to avail 
themselves of a relatively abundant material in markets where 
fly ash shortages have arisen owing to the switch by some 
powerplants from coal to natural gas. 

The 16% increase in consumption of fly ash for finished 
cement appears to reflect stronger market demand for blended 
cement incorporating this SCM and may further reflect a 
higher content of fly ash in these blends (table 15 indicates a 
9% increase in overall sales of this type of blended cement). 
The modest increase in consumption of GGBFS for cement 
is in contrast to a 17.5% decline in sales of blended cement 
incorporating this SCM (table 15). One explanation for this 
apparent contradiction could be incorporation of GGBES in 
some blended cements reported under other compositional 
labels. Other possibilities would be higher average slag contents 
within the slag blends, more frequent incorporation of GGBFS 
into general use portland type cements within ASTM standards 
C150 and C1157, and increased use of GGBFS in masonry 
cements (not included in table 15). 
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The consumption data in table 6 for fly ash and other ash 
(for clinker and cement combined) may be compared with data 
for sales of fly ash and bottom ash for use in blended cement or 
raw material for clinker published by the American Coal Ash 
Association (ACAA). For 2012, the ACAA reported sales of fly 
ash were about 23% lower than the tonnage reported in table 6, 
and bottom ash sales were about 5% lower than the tonnage 
reported in table 6 (American Coal Ash Association, 2013). It 
is unclear whether the differences represent the timing between 
actual sales and consumption (including from stockpiles) or if 
a significant component of material was misidentified within 
the USGS survey responses. The “Gypsum and anhydrite” 
data in table 6 for 2012 include 0.815 Mt of synthetic gypsum, 
but this likely underrepresents actual use of the synthetic 
material because the USGS canvass does not require that the 
two types of gypsum be differentiated; the ACAA reported 
2012 sales of 1.59 Mt of flue gas desulfurization gypsum to 
the cement industry. 

The quantities of fuel consumed by the U.S. cement industry 
are shown in table 7. As with nonfuel raw materials, data 
shifts can reflect activities at just a few plants. For wet kilns, 
an apparent shift by some plants from liquid wastes to fuel 
oil is indicated by the data, but this could simply reflect the 
classification of used oils. Consumption of solid waste fuels 
by wet kilns fell significantly. In both wet and dry plants, but 
particularly the dry, there was a reversal of the 2011 shift toward 
more coal and less petroleum coke. The relative decline in coal 
consumption in 2012 may reflect less favorable coal prices, but 
some plants reported a shift toward more petroleum coke in an 
attempt to reduce mercury emissions ahead of the new NESHAP 
limits. Nevertheless, the overall heat contribution for petroleum 
coke remained unchanged (see below), and it is thus evident that 
much of the 2012 decline in coal usage represented a shift to yet 
other fuels, likely natural gas. Natural gas consumption by dry 
plants increased significantly, largely related to continued low 
prices for this fuel. | | 

Although not shown in table 7, overall unit heat consumption 
(gross heat basis) in 2012 was about 4.1 billion joules (GJ) per 
metric ton of clinker, virtually unchanged from the previous 
year. Wet kiln plants averaged 6.8 GJ per ton of clinker, down 
by about 396, and dry kiln plants averaged 3.9 GJ in 2012, 
essentially unchanged. It remained unclear whether or not the 
industry overall was experiencing any heat efficiency penalties 
for the common practice in 2011 and 2012 of operating kilns 
on an intermittent basis and with longer overall downtimes than 
would be customary in busy years. Overall, coal бош (0 
supply the largest share of total heat consumed (56%, down 
from 64% in 2011), followed by petroleum coke (unchanged 
at about 1796), and waste fuels (about 15%, up from about 

% 1 1). 

а consumption of electricity in 2012 continued to 
decline slightly both overall and for dry plants and significantly 
for the remaining wet plants (table 8). The improvements likely 
reflect higher grinding capacity utilization rates, noted earlier. 


Industry Structure 


In late September, Eagle Materials, Inc. announced that it 
was purchasing the 1 2-million-metric-ton-per-year (Mt/yr) 
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Sugar Creek, MO, and the 0.9-Mt/yr Tulsa, OK, integrated 
cement plants from Lafarge North America, as well as certain 
distribution terminals, aggregates quarries, and ready-mixed 
concrete facilities associated with these cement plants 

(Eagle Materials, Inc., 2012). Eagle formed a subsidiary, 
Central Plains Cement Co., to operate these plants. The purchase 
was completed in early December. The divestiture followed 
Lafarge's sale in 2011 of its plants in Alabama, Georgia, and 
South Carolina, to Argos, USA. 

No new plants opened in 2012, but a number of plants closed, 
most of which were already idled. All the closures were wet 
plants. In the first quarter, Holcim announced the closure of 
its Catskill, NY, wet integrated plant; the facility had been 
declared indefinitely idle in mid-2011, recorded no production 
for that year, and had been removed from the plant count 
for 2011. Holcim also formally closed its 0.5-Mt/yr Artesia, MS, 
wet integrated plant in 2012; the facility had been idle since 
March 2009. Following its October 2011 announcement, 
Lafarge closed its 0.46-Mt/yr Fredonia, KS, wet integrated plant 
at the end of March 2012. The facility continued to be operated 
as a terminal for cement produced elsewhere. In October, 

Ash Grove relinquished its operational permit for the kilns at 
its 0.4-Mt/yr wet integrated plant at Inkom, ID (Idaho Dept. of 
Environmental Quality, 2012). The kilns had been idle since 
early 2009 but the plant had continued to produce cement from 
clinker brought in from another facility. By yearend 2012, all 
such production ceased permanently and the facility became 
simply a distribution terminal. These plant closures left the 
country with just 10 wet plants at yearend. 

А number of plant (upgrade including of environmental 
control and (or) monitoring systems] or expansion projects 
were underway during 2012, but the only major production 
line upgrade that was completed during the year was of a new 
1.3-Mt/yr precalciner kiln in November at TXTI's Hunter, TX, 
plant (Texas Industries, Inc., 2013). The new kiln was expected 
to be in full operation in early 2013, which would allow the 
plant to begin a year-long upgrade of its older kiln. In May, 
Ash Grove announced that, in an effort to reduce emissions, 
it would convert one of its three wet kilns to dry, preheater- 
precalciner technology at its 0.9-Mt/yr wet plant at Midlothian, 
TX (Ash Grove Cement Co., 2012). The capacity of the new 
kiln line was not announced, but given that wet kiln lines are 
increasingly proving to be uneconomic in terms of their high 
unit heat (and hence fuel) consumption and related emissions, it 
was likely that the new kiln could more than replace the entire 
existing wet capacity of the plant. 


Consumption 


Data on consumption are taken to be sales to final domestic 
customers and in this report are derived from both the USGS 
annual canvass (tables 1, 11, 12, and 14) and monthly surveys 
(table 9). Despite close agreement in the national totals between 
the annual and monthly data, only table 9 regional breakout 
tonnages represent State-level consumption. The regional 
breakouts in tables 11, 12, and 14 pertain to the locations of the 
reporting entities (chiefly the production sites), not the locations 
of consumption; it is very common for shipments to cross State 
lines. In both datasets, the sales include domestically produced 
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cement (made from domestic and imported clinker) as well as 
imported cement. 

Portland cement sales increased in all months in 2012 
relative to the same months in 2011, except for slight declines 
in September and December. This continued a monthly sales 
growth trend that began in March 2010. Portland cement sales 
for the year overall increased by 8.896 to 76.6 Mt (table 9), 
manifested as increases in all States except for Delaware, Idaho, 
Louisiana, Mississippi, Oregon, and Rhode Island. The top five 
consuming States, in descending order of consumption, were 
Texas, California, Florida, Illinois, and Ohio, for both 2011 and 
2012. Despite the U.S. total increase in 2012, sales overall were 
45.8 Mt less than those of the record sales year of 2005. Per 
capita consumption of portland cement was 244 kilograms (kg) 
in 2012, slightly higher than the 226 kg (revised) in 2011 
and still well below the 413 kg per capita level for the record 
consumption year of 2005. 

Masonry cement sales showed gains in all months except 
for March, June, and September, and were up by 5.9% to 
1.9 Mt for the year overall (table 9). The annual consumption 
was the lowest since 1946 and was only 35% of the record sales 
level in 2005. 

As noted earlier, a few importers do not participate in the 
USGS annual cement canvass, and their sales—to the degree 
that they were made to final customers and not to other 
(reporting) cement companies—are missing from the data in this 
report. An estimate of the missing sales volumes would include 
essentially all the gray cement imports into the Philadelphia 
customs district, and some of the white cement imports into 
various districts. Overall, it is estimated that the missing sales 
totaled only about 0.2 Mt (about 0.2%) in 2011 and about 
0.3 Mt (0.496) in 2012. On the other hand, the sales data do 
capture a significant tonnage of imported cement that appears 
lo be absent from the official trade data (see "Foreign Trade" 
discussion below). 

Table 10 lists sales of portland cement by mode of 
transportation. The dominant transportation method for sales to 
е customers continued to be by truck; rail shipments declined 
И апд waterborne shipments declined significantly. Some 

е decline in the waterborne shipments may have been 
because of lower water levels during the year in the Mississippi 
River, a major artery of barge traffic. 

Кашы; levels broadly reflect construction 
riri d кы ыды lags may exist between the 
Boer a, spending and changes in the consumption of 
mit gi UN of cement DON consumed, for 
Pus, = ы mi г. of spending (or cement intensity") 
nae: ue construction. Thus, single-family housing 
Пан а € on a unit basis (chiefly for foundations) 
and bridges ae : oe nonresidential buildings, and roads 
US. Tus ~ отапа Cement Association (PCA) converts 

ureau data on construction spending from current 
dollars to constant dolla eA я у 
consumption, Th. e IS, as a better indicator of cement 
dollar to 4 2005 ee A switched from a 1996 constant 
dollars, К do lar basis. In terms of 2009 constant 
| construction spending increased by 6.3% in 2012 
0 about $825 billion (Portland C iati 

hereas in 2011 + ement Association, 2014). 
> Public sector construction was the largest 
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share of total construction spending, residential construction 
accounted for the largest share in 2012, at nearly $281 billion, 
up by 13.9%. Public sector construction spending fell by 5.7% 
to about $263 billion, and within this, spending for roads 
declined by 2.2% to nearly $75 billion, and sewer and waste 
disposal decreased by 6.1% to about $20 billion. Because the 
USGS data for 2012 on sales by type of customer (only crudely 
comparable), as well as for total cement (especially portland 
cement), generally showed larger relative increases than those 
for construction spending, an increase in cement intensity 

may have been manifest in 2012 in at least some construction 
sectors. Overall, the cement intensity in 2012 was about 95 t of 
cement consumed per $1 million compared with 93 t in 2011. In 
constant 1996 dollars, the intensities would ђе 154 t in 2012 and 
151 t in 2011; both being significantly higher than the 146 t in 
the peak cement consumption year of 2005. 

Portland cement sales in 2012 are broken out by type of 
customer in table 14. Ready-mixed concrete producers, as listed, 
accounted for 7076 of total shipments, but the true percentage 
to this type of customer was larger (probably about 7594) 
because some sales were reported under other types, such as 
airport and road paving contractors, which also made use of 
ready-mixed concrete; likewise, sales to these contractors could 
be underreported. As listed in table 14, sales to ready-mixed 
customers increased by 9.495, and sales to concrete product 
manufacturers increased by 3.2%. Within this category, sales 
to brick and block manufacturers increased by 6.2%, sales to 
precast and prestressed slab makers were up by 15.395, and 
those to pipe manufacturers were up by 4.1%; however, these 
shifts could be partly due to better breakout reporting, as the 
subcategory "other or unspecified" fell by 13.394. Sales to 
contractors overall were up by 10%, including a 59% increase to 
airport contractors, and a 15.376 increase to road pavers; again 
the "other or unspecified" subcategory declined by 18.5%. | 

Sales to the smaller categories of customers may be 
underrepresented because some respondents seem to report only 
broad categories. As listed in table 14, sales into the mining 
sector increased by 40.5%, but represent reporting by relatively 
few respondents. Sales of cement for oil well (and gas well) 
drilling increased by 1196, although the average weekly drill rig 
count only increased by 2% (Baker Hughes Inc., 2014). Cement 
sales for waste stabilization fell by 25%, trending with the 
decline in spending for "sewer and waste disposal" noted above 

Table 15 lists the sales breakout of various cements included 
within “portland cement” in this report. As in past years, sales 
in 2012 were dominated by Types I and II cements and sulfate- 
resistant varieties of cement (Type V and Type П/У hybrids 
reported as Type V); these also included equivalent cements 
sold under the specifications of ASTM C1157. Assignment 
between "General use and moderate heat" cements and “Sulfate 
resisting” categories is somewhat artificial because some hybrid 
cements are listed as meeting the standards for both Type II 
(or I, IT) and Туре V (such as II, V) cements; these are supposed 
to be included under the more restrictive category “Sulfate 
resisting" cements but may not always be so reported. As 
listed, *Type V" sales increased by 1095. Oil well cement sales 
increased by 14%, which is а higher relative increase than the 
sales to oil (and gas) well drillers noted above and may imply an 
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increase in the proportion of deep wells requiring specialized oil 
well cements; shallower wells can make use of ordinary grades 
of portland cement. 

Sales of blended cements fell by about 4%, following a 
decline of 1596 in 2011. Monthly data for 2012, in contrast, 
show a nearly 6% increase in sales of blended cements, led by 
a nearly 1696 increase in Florida. The discrepancy appears to 
reflect different reporting personnel and the choice of reporting 
category (portland vs. blended) for sales of portland cement 
containing ground limestone as the extender, or of ASTM- 
C1157-type cements in general; C1157 was at one time a 
performance standard just for blended cements but is now a 
performance standard for hydraulic cements in general. 


Prices 


Price data (as mill net values), broken out by district, are 
listed in tables 11 and 12; again, table 9 gives a better indication 
of State-level consumption tonnages. Because the mill nets 
represent ex-factory average values for all varieties of cement 
sold, represent a mix of bulk and bag sales, and exclude any 
onward transportation to terminals from where, in fact, much 
of the cement was sold, the mill net values should be viewed as 
price indexes rather than "shopping prices" for cement. They 
serve mainly to show general regional variations and trends 
over time; small unit price differences are of little statistical 
significance. Regional portland cement prices in table 11 
reveal a mix of increases and decreases in 2012, but show a 
modest increase overall. With the exception of Illinois, unit 
price decreases were despite increases in sales tonnages in the 
respective market regions. Price changes commonly lag changes 
in sales volumes because of the common existence of long-term 
pricing contracts. The prices for portland cement reflect a 
strong dominance of bulk (as opposed to bag or package) sales 
(table 10). In contrast, masonry cement sales (table 12) are 
dominantly of packaged material, but because of the much 
smaller tonnages involved, even small shifts in the ratio of bulk 
to packaged sales (this split is not reported to the USGS) can 
cause significant shifts in the average pricing, which includes 
bagging or packaging charges and charges for palletizing. The 
average unit price for masonry cement was virtually unchanged 
in 2012. Likewise, the combined average price for portland and 
masonry cement was unchanged. 


Foreign Trade 


Trade data from the U.S. Census Bureau are listed in tables 
16 through 21. Exports (table 16) increased in 2012 by 24% to 
about 1.75 Mt, the highest on record. However, cement exports 
remained a very small part of total sales by the U.S. industry and 
continued to be small compared with cement imports. Canada 
remained the main destination for U.S. exports, accounting for 

0 2012 total. 
y А ns of consecutive declines, overall imports of 
cement and clinker increased by 7.4% to 6.9 Mt in 2012 
(tables 1, 17), but the 2012 total was still much lower than that 
of the record importation year of 2006 (35.6 Mt). About 75% of 
the imports were of gray portland cement (table 19). Most of the 
overall increase in imports was accounted for by material from 
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Canada (again the largest source), Greece, and Sweden. Greece 
has long been a major supplier of cement to the United States 
but supplied none in 2011. Although Greece resumed exports to 
the United States in 2012 at more normal levels, the year was 
unusual in that about half of the material entered the Houston- 
Galveston, TX, customs district rather than solely into East 
Coast locations (table 18). Imports from Mexico in 2012, as 
listed, show a 15% decrease, but the data likely are incomplete 
by about 0.2 Mt regarding gray portland cement entering the 

E] Paso, TX, customs district; this appears not to have been a 
significant problem in 2011. The missing material represented 
cement coming in by truck where each truckload had a customs 
value of less than $2,000; such shipments are considered to be 
“informal entries" by the U.S. Customs Service and the data on 
these entries are not sent to the U.S. Census Bureau under the 
cement tariff code. It was unclear from the data if any imports of 
cement from Canada are being similarly omitted. 

White cement imports are listed in table 20. In many past 
years, and based on unexpectedly low unit values, the data 
appeared to have included some gray cement or clinker; the 
apparent errors likely were because of the use of the wrong tariff 
code by importers. However, no low unit valuations are evident 
in 2011—12 except for the 2012 material from Spain, which was 
actually miscoded white cement clinker. Excluding this clinker, 
white cement imports in 2012 increased by 16.3% overall. The 
increase reflected a higher level of white portland cement sales 
(table 15) and limited U.S. production capacity (two small 
plants only), but the imports plus U.S. production significantly 
exceeded the sales indicated in table 15. The apparent excess 
was qualitatively explained by the use of white cement in some 
finished gray and colored portland cement products being 
reported as gray portland cement sales and in some masonry 
cements (not included in table 15). 

Imports of clinker increased by nearly 30% to 0.79 Mt 
(table 21), but the data are incomplete for both years shown 
with regard to overland imports from Canada; the tonnages 
listed were insufficient to have fully supplied grinding plants 
in Michigan and Washington that were dependent on clinker 
from Canada. The deficits, estimated at about 0.2 Mt in 2011 
and 0.1 Mt in 2012, reflected sub-$2,000 truckloads that, as 
with cement from Mexico noted above, were being registered 
as "informal entries." 

For cement and clinker combined, the 10 busiest customs 
districts of entry in 2012 were, in descending order of tonnage, 
Detroit, MI; Seattle, WA; Houston-Galveston, TX; Buffalo, МУ; 
Cleveland, OH; Columbia-Snake, ID, OR, and WA; Pembina, 
ND; New York City, NY; Honolulu, HI; and Miami, FL 
(table 18). These leading districts accounted for about 80% of 
the total imports for the year. 


World Review 


The production of hydraulic cement, by country, is listed 
in table 22. The data for most countries include all forms of 
hydraulic cement; however, the data for the United States 
are for portland and masonry cement only and data for some 
other countries may be incomplete. For some countries, the 
production data may include exports of clinker. 
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Total world output of cement in 2012 was an estimated 3.8 Gt, 
up by 5%. Production was from more than 150 countries. China 
continued to be by far the world's leading producer, with an 
output of 2.2 Gt, up by about 5.3%, and, as in 2011, accounting 
for 58% of the world total. 

The remaining top 20 producers in 2012 were, in descending 
order, India, the United States, Iran, Brazil, Turkey, Russia, 
Vietnam, Egypt, Japan, Saudi Arabia, Indonesia, the Republic of 
Korea, Thailand, Mexico, Italy, Pakistan, Germany, Malaysia, 
and France. Cumulatively, the top 5 countries accounted for 
70% of total world output; the top 10 countries, about 7896; 
and the top 20 countries, about 87%; these broad ratios were 
unchanged from those of 2011. 

Regionally, Asia and the Pacific accounted for 74.696 of world 
production, including 9 of the 20 leading producing countries, 
and had the highest rate of growth of all regions. As with the 
production in 2012 noted above, China has been the dominant 
contributor to the overall rate of growth for the region. Although 
typically a net exporter of cement, the net outflow is small by 
comparison to its production, thus China's cement consumption 
can be viewed as being equivalent to its production. By 
comparison to the United States, China's cement production 
for the years 2010-12 was approximately 150% of total U.S. 
production for 1900-99 and 12096 of U.S. production for 
1900-2012. Likewise, China's cement consumption for 2010-12 
was about 140% of U.S. consumption for 1900—99, and about 
ТА more than U.S. consumption for 1900—2012. 

The Middle East (including Turkey) was the next ranked 
producing region, with 6.6% of the 2012 total, and was followed 
by Africa, at 4.3%; Western Europe, at 4.096; Central America 
and South America (including the Caribbean), 3.6%; North 
America (including Mexico), 3.296; the Commonwealth of 
Independent States, 2.696; and Eastern Europe, 1.1%. 


Outlook 


Although monthly cement sales had shown double digit 
percentage Increases (on a year-over-year basis) through 
May 2012, increases were smaller for the rest of the year, 
and this helped to constrain forecasts for sales in 2013 to 
an overall increase within a range of 5% to 8%. Lackluster 
pu Р : construction spending levels were of concern, but 
ны Increases in housing starts led to optimism that 
Ина sector would more than compensate. Regardless 
"^ Projections for 2013, It was recognized that a return to 
eee levels similar to the record years of 2005 and 
m in s SU for several more years. It was unclear to 
100 Mt o; aa atively rapid return to consumption levels of 
Е ij ip be serviced by domestic plants, given that 
to restart ШШ i ms have closed, idle plants would be expensive 
idle extra kiln 1 possibility that many of the presently long- 
able to be Sai Ex Ва operating plants might not be 
stringent enviro ес quickly, Also it was expected that new, very 
construction o AE regulations would constrain plans for 
reduced mark new plants. Although currently with a much 
arket share, Imports supplied nearly 30% of the 
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Cement standards were being revised to allow for ternary 
blends (more than one type of SCM in the mix) and to formally 
recognize portland-limestone cements as a class of blended 
cements. These changes were expected to allow cement plants to 
boost their overall sales of cement without needing to increase 
their clinker production capacities, and thus allow for a lowering 
of unit emissions per ton of product. А long-term trend of 
electric power utilities away from coal to natural gas could lead 
to shortages of fly ash and bottom ash, both being significant 
raw materials for clinker production at a number of plants, and 
fly ash being an important SCM, especially for the concrete 
industry. It is unclear if other SCMs would be available to fully 
offset a fly ash shortage and this could mean a return to higher 
levels of portland cement in many concrete mixes. 
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TABLE 1 


SALIENT CEMENT STATISTICS FOR THE UNITED STATES"? 


(Thousand metric tons unless otherwise specified) 


Production: 


Cement? 
Clinker 


5 


; н ; ‚4, 
Shipments from mills and terminals: 


Quantity 

Value‘ 

Average value" 
Stocks, yearend: 


dollars per metric ton 


Cement 
Clinker 
Exports 
Imports:’ 
Cement 
Clinker 
Total 


2008 


86,310 
78,382 


96,700 
9,990,000 
103.50 


thousand dollars 


8,360 
7,070 
823 


10,744 
621 


11,365 


Consumption, apparent? 


World production" "° 


"Estimated. "Revised. 


'Unless otherwise indicated, data are for portland (including blended) and masonry cements only. Even where presented unrounded, data are 


96,760 


2,850,000 


thought to be accurate to no more than three significant digits. 


"Excludes Puerto Rico. 


2009 


63,907 
56,116 


71,000 
7,020,000 
99.00 


6,080 
5,130 
884 


6,211 
556 
6,767 
71,310 


3,040,000 ' 


2010 


66,447 
59,802 


70,300 
6,490,000 
92.00 


6,180 
4,760 
1,178 


6,013 
613 
6,626 
71,180 


3,290,000 " 


2011 


67,895 
61,241 


72,100 
6,440,000 
89.50 


6,270 
4,620 
1,414 


5,812 

606 

6,418 
72,200 
3,650,000 


r 


2012 


74,151 
67,173 


78,300 
7,020,000 
89.50 


6,896 
4,869 
1,749 


6,107 

786 

6,893 
77,880 
3,830,000 


"Includes cement made from imported clinker. Includes a double-counted component (less than 0.594 per year) of portland cement subsequently 


converted at the plants to masonry cement; because of the involvement of stockpiles, the precise amount converted from actual production 


cannot be determined. 


"Includes imported cement. 


Sear: . 
Shipments to final domestic customers. Data are from an annual survey of plants and terminals and may differ from the totals in table 9, which are 
based on consolidated monthly surveys from companies. 


6 А . 
ie on board mill or independently reporting terminal. 
All forms of hydraulic cement or clinker. 


8 
May not add to totals shown because of independent rounding. 


9 м > 
Production (including that from imported clinker 
in yearend cement stocks. 


Ms... е ; 2 
Total hydraulic cement. May include clinker exports for some countries. 


Re m E A 
— . A State subdivision 


TABLE 2 


COUNTY BASIS OF SUBDIVISION OF STATES IN CEMENT TABLES 


California, northern 


California, southern 


Illinois, excluding Chicago 


Illinois, metropolitan Chicago 


New York, eastern 


a 
New York, western 


New York, metropolitan 


Pennsylvania, eastern 


Pennsylvania, westen — 


All counties other than those in metropolitan Chicago. 
Cook, DuPage, Kane, Kendall, Lake, McHenry, and Will Counties in Illinois. 


Delaware, Franklin, Hamilton, Herkimer, Otsego, and all counties farther east and south, except those 
within Metropolitan New York. 


Broome, Chenango, Lewis, Madison, Oneida, St. Lawrence, and all counties farther west. 


New York City (Bronx, Kings, New York, Queens, and Richmond), Nassau, Rockland, Suffolk, and 


—— 


Westchester. 


Texas, northern 


Texas, southem — 


2380 
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Defining counties 
Alpine, Fresno, Kings, Madera, Mariposa, Monterey, Tulare, Tuolumne, and all counties farther north. 
__ Шуо, Kem, Mono, San Luis Obispo, and all counties farther south. 


anuo E ELS RODA А м өне ИН e И ИЕ НА 
$ — Adams, Cumberland, Juniata, Lycoming, Mifflin, Perry, Tioga, Union, and all counties farther east. 


) of cement plus imports of hydraulic cement minus exports of hydraulic cement minus the change 


——— 


Centre, Clinton, Franklin, Huntingdon, Potter, and all counties farther west. 
Angelina, Bell, Concho, Crane, Culberson, El Paso, Falls, Houston, Hudspeth, Irion, Lampasas, Leon, 


Limestone, McCulloch, Reagan, Reeves, Sabine, San Augustine, San Saba, Tom Green, Trinity, Upton, 


У Ward, and all counties farther north. 


Brazos, Burnet, Crockett, Jasper, Jeff Davis, Llano, Madison, Mason, Menard, Milam, Newton, Pecos, 


„=й . Polk, Robertson, San Jacinto, Schleicher, Tyler, Walker, Williamson, and all counties farther south. 


» Google 
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ТАВГЕ 4 
MASONRY CEMENT PRODUCTION AND STOCKS IN THE UNITED STATES, BY DISTRICT 


(Thousand metric tons unless otherwise specified) 


ENDE PEERS 


2011 2012 
Number Number 
of active Yearend of active Yearend 
District? plants Production? stocks“ plants Production? stocks“ 

Maine and New York 3 39 15 4 45 18 
Pennsylvania 7 141 44 7 147 4l 
Indiana and Ohio 6 232 42 6 287 49 
Michigan 3 61 22 3 73 23 
lowa, Nebraska, South Dakota -- W W -- W W 
Kansas 2 W W 2 W W 
Missouri l W W 1 W W 
Florida 6 188 43 6 225 42 
Georgia, Maryland, Virginia, West Virginia 6 233 43 5 215 46 ? 
South Carolina 3 143 15 3 158 16 
Alabama, Kentucky, Mississippi, Tennessee 7 211 57 7 227 77 
Arkansas and Oklahoma 3 82 15 4 90 14 
Texas 7 187 20 7 215 20 
Arizona and New Mexico 3 W W 3 46 4 
Colorado and Wyoming l W W l W W 
Idaho, Montana, Nevada, Utah 1 W W 1 W W 
California 6 170 36 6 152 26 
Importers” T ЗЕ 3 5 m ta 25 

Total’ -—1 65 1,759 396 5 66 1,929 411° 
Puerto Rico 1 (8) А | (8) -- 


—___ ———_——_ И _______- _ 
Grand total' 66 1,759 396 > 67 1,929 411 5 
Ы . LI . LI давао а NEAL ч одсео IS E P cR ЕЕ ==. 
W Withheld to avoid disclosing company proprietary data; included in “Total.” -- Zero. 


Includes masonry, portland-lime, plastic, and stucco cements. Even where presented unrounded, data are thought to be accurate to no more than three 
significant digits. 


District assignation is the location of the reporting facilities. Specific districts include importers where district assignations were possible. 
"Includes cement produced from imported clinker. 


"Includes imported cement. 


"Includes estimates for nonrespondents or facilities that provided incomplete information. 
"Includes only those importers or terminals for which district assignations were not possible. 


May not add to totals shown because of independent rounding. 
"Less than 500 metric tons. 
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СЕМЕМТ—2012 


ТАВГЕ 6 
RAW MATERIALS USED TO PRODUCE CLINKER AND CEMENT IN THE UNITED STATES? 


(Thousand metric tons) 


Material 
Calcareous: 
Limestone (aragonite, chalk, coral, marble) 
Cement rock (includes marl) 


Cement kiln dust (СКО) 
Lime' 
Other 
Aluminous: 
Clay 
Shale and schist 
Other? 
Ferrous: 
Iron ore 
Mill scale 
Other 
Siliceous: 
Sand, calcium silicates 
Sandstone, quartzite, soils, nonpozzolanic rocks 
Fly ash 
Other ash, including bottom ash 
Granulated blast furnace slag’ 
Other blast furnace slag 
Steel slag 
Other slag 


Natural rock pozzolans? 


Other pozzolans” a a а а ре 
Other: 


Gypsum and anhydrite 
Miscellaneous!! 
Total!” 
Clinker, imported, raw materials equivalent"? 


Grand total"? 
— Zero. 


‘Excludes Puerto Rico. 

"Data have been rounded to no more than three significant digits. 
“Includes portland, blended, and masonry cements. 

"Data are probably underreported. 


2011 

Clinker Cement? 
80,000 1,500 
8,070 23 
391 131 
17 53 
86 8 
2,820 -- 
2,250 36 
387 -- 
544 -- 
659 -- 
15 HS 
2,850 -- 
481 -- 
2,380 118 
891 -- 
47 217 
42 -- 
296 -- 
47 5 
= 33 

18 1 
(10) 3,640 
57 59 
102,000 5,820 
-- 1,190 
102,000 7,010 


"Includes alumina, aluminum dross, bauxite, spent catalysts, and other aluminous materials. 


"Includes i iron sludges, pyrite, and other ferrous materials. 
"Includes both ground and unground material. 


insludes pozzolana and bumed clays or shales (except where directly reported as clay or shale). 


2012 


Clinker 


86,800 
8,310 
10 

40 


(10) 


76 
111,000 


111,000 


“Includes diatomite, silica fume, other microcrystalline silica, and other pozzolans, even if not used as such. 


, Included with “Calcareous: Other." 

„Includes fluorspar and all other materials not listed earlier. 
„Мау not add to totals shown because of independent rounding. 
"Converted as 1.7 times the weight of foreign clinker consumed. 
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СЕМЕМТ—2012 


ТАВГЕ 9 
CEMENT SHIPMENTS TO FINAL CUSTOMER, BY DESTINATION AND ORIGIN"? 


(Thousand metric tons) 
О ~— MEM Portland cement Masonry cement _ 
Destination and origin 2011 2012 2010 2012 
Destination: 
Alabama 1,000 1,024 74 77 
Alaska? 142 165 Р? E 
Arizona 1,476 1,672 20 21 
Arkansas 736 787 34 39 
California, northern 2,415 2,571 33 34 
California, southern 4,475 4,836 131 132 
Colorado 1,402 1,631 4 5 
Connecticut! 477 507 10 10 
Delaware? 172 143 4 4 
District of Columbia? 178 237 (4) (4) 
Florida 3,403 3,883 220 255 
Georgia 1,703 1,795 106 112 
Hawaii? 260 282 2 2 
Idaho 375 354 (4) (4) 
Illinois, excluding Chicago 1,402 1,412 8 7 
Illinois, metropolitan Chicago" 1,034 1,171 15 17 
Indiana 1,491 1,668 34 35 
lowa 1,597 1,782 | 2 
Kansas 1,159 1,389 5 5 
Kentucky 926 972 46 47 
Louisiana? 2,348 2,053 49 46 
Maine 183 183 1 | 
Maryland 966 1,057 39 4] 
Massachusetts” 733 863 10 10 
Michigan 1,470 1,570 42 46 
Minnesota? 1,213 1,462 10 9 
Mississippi? 758 733 35 32 
Missouri = 1,408 1,453 15 15 
Montana 273 312 (4) | 
Nebraska 1,031 1,125 1 1 
Nevada 927 1,035 5 
New Hampshire" 193 196 7 7 
New Jersey” 1,073 1,116 37 37 
New Mexico 551 612 3 5 
New York, eastern 437 468 9 8 
New York, western? 706 729 14 13 
New York, metropolitan? 1,175 1,194 47 47 
North Carolina? 1,752 1,851 121 m 
North Dakota? 595 804 l ; 
Ohio 2,529 2,692 69 72 
Oklahoma 1,512 1,629 38 41 
Огероп 654 578 (4) e 
Pennsylvania, eastern 1,512 1,397 35 a 
Pennsylvania, western 1,006 1,032 31 | 
Rhode Island’ 107 105 | 59 
South Carolina 994 1,092 56 А 
South Dakota 468 485 (4) Be 
ОНИ ВИНЕ ee 99 112 
Теппеззее 1,213 1,370 82 
Texas, northern 4,811 5,489 68 ve 
Texas, southern 5.637 6,958 149 M 
aT ee en ee БАЕ АН ААЛА 1,156 1,196 e» | 
ur c аы MM M ААН 101 110 | 73 
qi 1,449 1,614 E ^ 
Washington 1,356 1,378 А 13 
-West Virginia = о 487 496 1 —— 


See footnotes at end of table. 
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TABLE 9—Continued 
CEMENT SHIPMENTS TO FINAL CUSTOMER, BY DESTINATION AND ORIGIN"? 


(Thousand metric tons) 


Portland cement Masonry cement 
Destination and origin 2011 2012 2011 2012 
Wisconsin? 1,526 1,606 8 11 
Wyoming 300 315 -- -- 
Total® 70,434 76,637 1,836 1,945 
Puerto Rico 838 861 (4) (4) 
Foreign countries’ 1,132 1,367 | 2 
Grand total" 72,404 78,866 1,837 1,947 
Origin: 
United States 66,622 72,528 1,816 1,927 
Puerto Rico 757 782 (4) (4) 
Foreign countries? 5,782 6,337 2] 20 
Total shipments? 72,404 78,866 1,837 1,947 
-- Zero. 


"Includes cement produced from imported clinker and imported cement shipped by domestic producers and importers. 
?Data are developed from consolidated monthly surveys of shipments by companies and may differ from data in tables 1, 10-12, 
and 14-15, which are from annual surveys of individual plants and importers. Although unrounded, data are thought 

to be accurate to no more than three significant digits. 

?Has no cement plants. 

"Less than % unit. 

‘The sole plant in Mississippi was closed іп 2012 and had no production in either year. 

$May not add to totals shown because of independent rounding. 

"Includes shipments to U.S. possessions and territories. 

‘Imported cement sold to final customers in the United States as reported by domestic producers and other importers. Data 
do not match the imports in tables 17-20. 


TABLE 10 
SHIPMENTS OF PORTLAND CEMENT IN THE UNITED STATES, BY TYPE OF CARRIER"? 


(Thousand metric tons) 


Plant to terminal Plant to customer Terminal to customer Total to 
Type of carrier In bulk In bags! In bulk In bags In bulk In bags? customers“ 
e RR 
. Railroad —— 1 10,100 4 875 (5) 373 3 1,251 
SHE о. 3,740 115 36,000 894 30,800 400 68,100 
- Bageandbat — — — _ 8800 ___- 96 э. 806 ___- а 
Тога!" 22,600 19 37,000 894 32,000 403 70,300 
2012: 
Railroad 12,00 3 1,060 п 107 6 1,170 
Truck eee 3,540 170 39,200 811 34,600 432 75,000 
_ Barge апд boat 9,020 i 185 А 2 > 187 
__пан _______љао аъ 4440 ап X0 а шш. 
-- Zero. 


| 
neludes imported cement and cement made from imported clinker. Excludes Puerto Rico. 
na are rounded to no more than three significant digits. 

Includes packages, bags, and supersacks. 


4 
MY not add to totals shown because of independent rounding. 
Less than % unit. 


bat: | 
Shipments are based on an annual survey of plants and importers; may differ from totals in table 9, which are based on 
consolidated monthly data. 
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TABLE 11 
PORTLAND CEMENT SHIPPED IN THE UNITED STATES, BY DISTRICT’ 


карзао а 


шу изыш ELLA ЕН и а | ла еы 
Value? Value? 
Quantity" Average Quantity’ Average 
(thousand Total (per (thousand Total (per 
District’ metric tons) (thousands) metric ton) metric tons) (thousands) metric ton) 
Maine and New York 2,175 $202,409 $93.06 2,144 208,253 97.12 
Pennsylvania 3,916 356,000 ° 91.00 > 3,962 362,000 ° 91.50 ° 
Illinois 1,870 167,569 89.62 1,528 127,317 83.35 
Indiana 1,932 150,597 77.94 2,034 163,783 80.51 
Michigan 3,894 384,806 98.81 4,121? 367,000 ? 89.00 ? 
Ohio 651 57,382 88.16 760 68,717 90.47 
Iowa, Nebraska, South Dakota 3,303 325,836 98.65 3,709 375,373 101.20 
Kansas 1,452 140,423 96.68 1,539 150,211 97.58 
Missouri 6,500 514,834 79.20 7,478 597,056 79.84 
Florida 3,143 280,971 ' 89.41 ' 3,650 301,404 82.58 
Georgia, Maryland, Virginia, West Virginia 4,358 334,753 76.81 4,628 363,000 ? 78.50 5 
South Carolina 2,534 200,566 79.16 2,725 218,999 80.37 
Alabama, Kentucky, Mississippi, Tennessee 4,683 _ 400,624 85.55 5,021 419,360 83.52 
Arkansas and Oklahoma 2,228 204,695 91.89 2,250 189,862 84.40 
Texas, northern 4,732 452,000 "> 95.50 =° 5,133 506,000 ° 98.50 ° 
Texas, southern 5,484 473,661 86.37 6,508 584,797 89.86 
Arizona and New Mexico 1,704 171,136 100.40 2,008 209,383 104.26 
Colorado and Wyoming 1,925 184,478 95.83 2,262 225,046 99.50 
Idaho, Montana, Nevada, Utah 2,179 193,491 88.82 2,312 213,725 92.43 
Alaska and Hawaii 359 54,045 150.47 394 59,185 150.25 
California 7,414 558,000 ? 75.50 5 7.904 584,379 73.93 
Oregon and Washington 1,480 ? 137,000 ? 92.50 ° 1,490 ? 144,000 ? 96.50 ° 
Importer __________ о завоз — 257000? — 109005 — 2800? — 313000 _ 11150 
Total or average' 70,5005 6,200,000 > 88.00 ° 76,4005 6,750,000 > 88.50 ? 
Puerto Rico 839 W W 862 ? W W 


'Revised. W Withheld to avoid disclosing company proprietary data. 

! Includes gray and white portland cement. Includes cement made from imported clinker. Even where presented unrounded, data are thought to be accurate 
to no more than three significant digits. 

?values are mill net or ex-plant (free on board) valuations of total sales to final customers, including sales from plants’ external distribution terminals. 

The data are ex-terminal for independently reporting terminals. Data include all varieties of portland cement and both bulk and bag shipments. 

Unless otherwise specified, data are presented unrounded. Unrounded or not, unit value data should be viewed as value indicators, accurate to no more than 
the nearest $0.50 or $1.00 per metric ton. 


Tonnages are those by reporting entities їп the district but may include shipments into other districts. They differ from the data in table 9, which are the actual 
reported sales into the specific States. 


4 , . "Tn . . 
The location of the reporting entities, not necessarily the location of sales (see table 9 for sales data, by State). Specific districts include shipments 
by importers where district assignations were possible. 


5Data are rounded to three significant digits (unit values to the nearest $0.50) because they include estimates. 
SImporters for which district assignations were not possible. 
"May not add to totals shown because of independent rounding. 
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TABLE 12 


MASONRY CEMENT SHIPPED IN THE UNITED STATES, BY DISTRICT"? 


UC-———— —— ———————— A CC c EEICILCAC = 


Value’ 


2011 2012 
Value? 
Quantity’ Average Quantity" 
(thousand Total (per (thousand Total 
District metric tons) (thousands) metric ton) metric tons) (thousands) 

Maine and New York 46 $4,314 $94.58 55 $6,321 
Pennsylvania 159 22,200 $ 140.00 $ 167 24,000 
Illinois, Indiana, Ohio 219 29,793 136.24 218 32,098 
Michigan 67 9,088 135.45 70 9,143 
Iowa, Nebraska, South Dakota 1 104 98.25 2 234 
Kansas and Missouri 82 6 11,649 142.83 79 11,422 
Florida 187 24,600 é 132.00 é 220 24,891 
Georgia, Maryland, Virginia, West Virginia 191 32,378 169.50 182 6 27,800 $ 
South Carolina 151 19,382 128.22 166 21,875 
Alabama, Kentucky, Mississippi, Tennessee 241 32,072 133.06 234 31,148 
Arkansas and Oklahoma 82 9,571 116.71 92 10,595 
Texas 178 23,800 6 134.00 $ 218 32,300 5 
Arizona, Colorado, Idaho, Montana, Nevada, 

New Mexico, Utah, Wyoming 26 3,202 122.14 30 3,658 
Alaska and Hawaii 2 692 308.70 2 229 
California, Oregon, Washington 164 17,845 109.02 178 18,591 
Importers’ 11° 2,090 ° 193.50 $ 41 6,160 ^ 

Total or average" 1,810 ° 243,000 ° 134.50 ° 1,950 263,000 $ 
Puerto Rico (9) W W (9) W 

Grand total or average" 1,810 W W 1,950 ° W 


W Withheld to avoid disclosing company proprietary data. 


Average 
(per 
metric ton) 

$115.46 


143.00 
146.95 
131.50 
96.29 
145.26 
113.23 
153.00 6 
132.11 
133.25 
114.93 
148.50 $ 


122.32 
313.99 
104.70 
200.50 ° 


134.50 9 
W 


W 


ler: . . 
Shipments are those Бу cement companies to final customers and include imported cement and cement made from imported clinker. Excludes sales of 


masonry cement by portland cement final customers who made masonry cement from purchased p 


presented unrounded, data are thought to be accurate to no more than three significant digits. 


“Data include true masonry, plastic, portland-lime, and stucco cements. 


ortland cement. Data exclude Puerto Rico. Even where 


3 EP ee 
Values are mill net or ex-plant valuations of total sales to final customers, including sales from plants external distribution terminals. The data are 


ex-terminal for independently reporting terminals. Data include both bulk and bag shipments. Unless otherwise specified, data are 
Unrounded or not, unit value data should be viewed as value indicators, accurate to no more than the nearest $0.50 or even $1.00 per metric ton. 


presented unrounded. 


4 А 
Топпареѕ аге those by reporting entities in the district but may include shipments into other districts. They differ from the data in table 9, which are the 


actual reported sales into the specific States. 


Distriet is the location of the reporting entities, not necessarily the location of sales (see table 9 for sales data, by State). Specific districts include 
shipments by importers where district assignations were possible. 


6 . 
Data аге rounded to no more than three significant digits (unit values to the nearest $0.50) because they include estimates. 


7 à A UA . . 
{Importers for which district assignations were not possible. 
May not add to totals shown because of independent rounding. 


9 = $ 
Less than 500 metric tons. 
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TABLE 13 
AVERAGE MILL NET VALUE OF CEMENT SOLD IN THE UNITED STATES? 


(Dollars per metric ton) 


Portland cement Masonry All 
Year Gray White? All cement cement 
ATH 87.50 194.00 88.00 134.50 89.50 
2012 | 87.50 194.50 88.50 134.50 89.50 


1 ја ; | TN i | i | 
Values are average of sales to final customers, free on board the plant or independently reporting us inak 
Values include any bagging charges, but exclude delivery charges to customers ог to external terminals. Data 
exclude Puerto Rico. 


2 
„Data are rounded to the nearest $0.50 per metric ton. 
Data for white cement include a component of resales showing significant price markups. 
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TABLE 15 


PORTLAND CEMENT SHIPMENTS IN THE UNITED STATES, BY TYPE OF CEMENT'?? 


(Thousand metric tons) 


Type of cement‘ 2011 2012 
General use and moderate heat (Types I and I^? 54,500 59,400 
High early strength (Type IIT) 2,550 2,520 
Sulfate resisting (Type Vy 9,340 10,300 
Block 147 142 
Oil well 1,750 2,000 
White’ 635 705 
Blended: 
Portland, natural pozzolans 63 76 
Portland, ground granulated blast furnace slag 679 560 
Portland, fly ash 373 408 
Portland, other pozzolans' 220 245 
Total blended? 1,330 1,280 
Expansive and regulated fast setting 21 7 
Miscellaneous’! 26 3 
Grand total"? 70,300 76,400 


Includes sales of imported cement. Excludes Puerto Rico. 
"Data are rounded to no more than three significant digits. 
*Gray portland-type cements unless otherwise specified. 


*Sold mostly under specifications ASTM C150, ASTM C595, and ASTM C1157. 
УТуре ШУ and similar sulfate-resisting hybrids are included within Type V, as are HS and similar cements in 


ASTM C1157. 


“Includes ASTM C1157 general use and moderate heat cements that contain no pozzolans. 


"White or colored portland-type cements. Most are Types I or II but may include Types Ш and У and block cements. 


‘Cements sold under ASTM C595 and those under ASTM C1157 that contain pozzolans. 
"Includes blends with cement kiln dust, silica fume, or other pozzolans, and blends containing multiple pozzolans. 


May not add to totals shown because of independent rounding. 
Includes low heat (Type IV), waterproof, and other portland-type cements. 
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TABLE 16 
U.S. EXPORTS OF HYDRAULIC CEMENT AND CLINKER, BY COUNTRY’ 


(Thousand metric tons and thousand dollars) 


eee ee a | ey) 17 
2011 2012 
осу ty vate? ___ Фа шш 
Aruba _________________- ] 231 979 
Australia ____ ___ ___  _ a a  — 2 518 1 667 
Bahamas Те _______________---- 112 9,137 144 12,032 
Barbados (3) 53 1 115 
Belize ___ _______________---- 1 218 2 482 
Bermuda 5 398 (3) 151 
Brazil 2 1,960 15 1,913 
Canada 1,010 133,997 1,195 155,050 
Cayman Islands (3) 139 2 204 
Chile 2 309 4 549 
China (3) 125 1 198 
Colombia 14 2,056 27 3,095 
Costa Rica 2 121 (3) 26 
Dominican Republic 10 1,478 12 1,621 
Ecuador 1 366 (3) 97 
France (3) 34 1 45 
Greece 8 355 5 216 
Guyana 3) 143 1 335 
Наш 53 3,805 32 2,691 
Hong Kong (3) 160 | 479 
India 1 128 1 134 
Israel 1 264 2 438 
Italy (3) 181 1 201 
Jamaica 64 6,432 116 11,995 
Japan 5 1,078 4 1,653 
Kuwait Q) 39 3 1,195 
Liberia (3) 193 1 1,036 
Mexico 46 9,538 78 17,188 
Netherlands 17 931 (3) 29 
Netherlands Antilles 5 689 -- -- 
New Zealand 2 678 (3) 118 
Pakistan -- 2н 1 69 
Рапата 23 2,506 71 6,801 
Russia 2 209 1 337 
Saudi Arabia 1 3,348 (3) 36 
Singapore 1 278 1 70 
Sint Maarten 9 1,259 4 528 
St. Christopher and Nevis ] 108 Q) 18 
Taiwan (3) 328 1 541 
Turks and Caicos Islands 3 325 7 671 
United Arab Emirates 5 396 1 200 
United Kingdom ] 195 2 1,031 
Venezuela 1 158 1 721 
Гат ee 4 2,038 7 3,356 
Тога!“ 1,414 186,902 1,749 229,310 
Puerto Rico: 
British Virgin Islands 19 1,887 16 1,711 
Curacao 5 361 9 1,105 
Jamaica 13 849 Ме " 
Netherlands 2 185 (3) 10 
Trinidad and Tobago z d | 1,083 
Other : MN в NIMM Nu 
Total : 39 3,285 26 3,925 
Grand Total 1,453 190,187 1,776 233,235 
See footnotes at end of table. 
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TABLE 16—Continued 
U.S. EXPORTS OF HYDRAULIC CEMENT AND CLINKER, BY COUNTRY! 


— Zero. 

'Includes portland and masonry cements. Data are unrounded but are thought to be accurate to no more than three significant digits. 

*Free alongside ship value. The value of exports at the U.S. seaport or border point of export is based on the transaction price, including inland 
freight, insurance, and other charges incurred in placing the merchandise alongside the carrier. The value excludes the cost of loading the carrier. 


"Less than % unit. 
"May not add to totals shown because of independent rounding. 


Source: U.S. Census Bureau. 


TABLE 17 
U.S. IMPORTS FOR CONSUMPTION OF HYDRAULIC CEMENT AND CLINKER, BY COUNTRY! 


(Thousand metric tons and thousand dollars) 


2011 2012 
Value Value 
Country Quantity Customs? Cif? Quantity Customs? Cif? 

Canad аа у 3,416 259,853 276,332 3,709 286,335 301,907 
ЧОН уз „„ ^^ =,” 577 32,462 48,435 375 23,898 34,439 
Colombia 224 12,620 18,674 84 4,837 7,274 
Croatia 33 12,011 14,307 24 7,925 9,590 
Denmark 74 7,534 9,582 96 12,166 15,607 
Egypt 71 7,093 9,846 84 8,468 11,741 
France 72 25,236 25,748 85 31,248 32,492 
ссі о зе „__ 2 446 581 (5) 256 344 
Greece E E * 609 27,033 40,267 
Јатака о 16 5,158 5,234 6 1,874 1,933 
о | 830 941 l 958 1,117 
Каана 5456 86,100 LEES 85,126 
Mexico" 354 38,455 43,271 300 35,410 38,690 
Netherlands ~ 3 3,402 3,605 7 3,518 3,714 
= 6) 190 258 38 2,808 3,283 
Sweden о 81 3,212 6,445 132 5,385 10,413 
"uM eu E eee 65 2,551 4,241 39 1,958 2,743 
Тм 11 1,607 2,379 13 1,925 2,825 
Trinidad and Tobago 12 814 824 -- -- == 
= | теб 335 9 1,467 2,269 
UatdKingdóm —8 O  — 7 337 408 2 260 408 
C CMM. L^ 281' 391 7 (5) 424 520 
Total® $ 6,418 468,937 557,896 6,893 513,285 606,702 
Puerto Rico: = ee a M 
Colombia 5 657 951 4 431 541 
Met 14 1,503 2,215 16 1,944 2,771 
Spain 106 6,888 8,795 124 7,949 10,185 
Other (5) 56 83 (5) 60 80 
Total® е мш поа И и 13576 


Revised. -- Zero, 


Includes portland, masonry, and other hydraulic cements. Data are unrounded but are thought to be accurate to no more than three 
и digits. 

Customs value. The price actually paid or payable for merchandise when sold for exportation to the United States, excluding U.S. import 
ше, freight, insurance, and other charges incurred in bringing the merchandise to the United States. 

Cost, insurance, and freight. The value represents the customs value plus insurance, freight, and other delivery charges to the first port of 
entry, but excludes costs of offloading, other U.S. port handling charges, and demurrage. 


: ; E 
м are underreported with respect to clinker from Canada, and cement from Mexico (2012 only), owing to additional material coming in as 
Informal entries." 


5 
Less than и unit. 


6 
May not add to totals shown because of independent rounding. 


Source: U.S. Census Bureau. 
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TABLE 18 


U.S. IMPORTS FOR CONSUMPTION OF HYDRAULIC CEMENT AND CLINKER, BY CUSTOMS DISTRICT AND COUNTRY! 


MIHICaBO, пио 


(Thousand metric tons and thousand dollars) 


Value Value 
customs district and country Quantity Customs Gif? _ Quamtiy Custom? С 
Anchorage, АК: 
m НВ 6 344 1,206 6 370 1,284 
Germany) ~  — > = -- (5) 5 6 
__Когеа, Republicof ___________-- юш Aj 784 ______15 — 485 ____ 66 
Baltimore, MD: 
China ] 38 44 2 68 71 
Other (5) 135 142 (5) 296 310 
me eens пп o ____ > 39 ___- 
Boston, МА: | 
Сапада 4 155 245 ~ -- — 
Other 2: 25 = (5) 18 18 
БЕ: | 2 сш. 22 ы эшш вани нон —__а LBS __жњ ___ 09 = 
Buffalo, NY: 
Canada 555 46,598 49,209 572 51,574 53,260 
Other (5) 17 17 (5) 54 54 
Total’ 555 46,616 49,227 572 51,627 53,313 
Chicago, IL, Other 1 727 767 1 718 751 
Cleveland, OH: 
Canada 486 34,368 36,974 536 37,437 39,628 
China 1 141 225 1 234 404 
Netherlands 1 768 "^ 826 (5) 616 665 
Other (5) 192 252 (5) 376 456 
Total" 488 35,468 38,277 538 38,664 41,154 
Columbia-Snake, OR, МА: 
Canada? 45 2,743 3,018 29 1,791 1,946 
China 298 14,384 22,380 300 14,957 22,895 
Korea, Republic of -- -- -- 6 286 466 
Тога!“ 343 17,127 25,398 335 17,034 25,307 
Detroit, MI: 
Сапада“ 947 73,028 79,014 1,113 82,381 89,541 
Other (5) 329 346 (5) 206 215 
Totalt í 947 73,356 79,360 1,114 82,587 89,756 
El Paso, TX: 
Canada (5) 72 90 = и 22 
Мехісо Е 204 20,882 23,573 114 13,354 14,602 
Тога $ 205 20,954 23,662 114 13,354 14,602 
Great Falls, МТ: 
Canada 44 2.638 2,728 8 250 271 
Other (5) 77 89 (5) 90 94 
Total’ 45 2,715 2,817 8 341 365 
Honolulu, HI: 
Korea, Republic of 290 12,753 18,673 229 10,067 15,277 
Switzerland (5) 2 3 ES mM = 
Taiwan —— ^ 1. - -- -- 39 1,958 2,743 
Total’ 290 12,756 18,676 267 12,024 18,021 
Houston-Galveston, TX: Е 
China 3 503 530 2 164 167 
Colombia 4 562 716 3 358 497 
Egypt 32 3,236 4,386 40 4,073 5,407 
Ker Republic of : у Е а o ue 
Korea, p 658 24,844 41,305 478 20,792 32,825 
See footnotes at end of table. | : Бо но 62.271 
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U.S. IMPORTS FOR CONSUMPTION OF HYDRAULIC CEMENT AND CLINKER, BY CUSTOMS DISTRICT AND COUNTRY! 


TABLE 18—Continued 


(Thousand metric tons and thousand dollars) 


ип 


Customs district and country 

Laredo, TX, Mexico 
Los Angeles, СА: 

China 

Croatia 

Egypt 

Thailand 

Turkey 


Other 


Total’ 
Miami, FL: 
Colombia 
Egypt 
Germany 
Greece 
Sweden 
Turkey 
Other 
Total’ 
Minneapolis, MN: 
Canada 
United Kingdom 
Total’ 
Mobile, AL, China 
New Orleans, LA: 
China 
Croatia 
Korea, Republic of 
Other 
Total’ 
New York City, NY: 
Denmark 
Greece 
Other 
Total’ 
Nogales, AZ, Mexico 
Norfolk, VA: 
Egypt 
France 


. Jamaica 
Sweden 
United Kingdom 
Other 
Total 
Ogdensburg, NY: 
Canada 
. Other 
... Total’ 
Pembina, ND: 
Canada 
Germany 
___ Total! 
See footnotes at end of table. 
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Quantity 
88 


25 
3 


2011 
Value 
Customs? Cif 

11,660 11,938 
2,813 3,643 
176 275 
608 903 
1,047 1,523 
14 27 
67 90 
4,724 6,460 
525 693 
2,319 3,319 
33 35 
2,685 5,831 
54 92 
5,911 7,771 
11,529 17,740 
12,810 12,822 
15 19 
12,824 12,841 
52 52 
1,353 1,528 
11,802 13,987 
4,741 7,182 
2 3 
17,898 22,699 
2,620 3,355 
473 580 
3,093 3,935 
5 5 
297 395 
25,143 25,627 
4,946 5,019 
513 600 
199 219 
191 212 
31,289 32,072 
16,972 17,445 


3 
16,977 


11,546 
37 
11,583 


5 
17,450 


11,646 
37 
11,683 


Quantity 
108 


20 
2 
9 


2012 


Customs? 
14,118 


2,201 
141 
935 

1,121 
463 


596 
4,750 
563 
7,391 
15,943 


16,160 
15 
16,175 


3,659 
7,785 
9 
11,453 


1,912 
11,758 
480 
14,150 


230 
31,024 
1,874 
635 


320 
34,083 


18,340 
16 
18,356 


17,414 


17,414 


USED "ro «ть 


C.i.£? 
14,330 


3,081 
224 
1,461 
1,636 
838 
40 
7,279 


923 
9,653 
916 
9,167 
24,411 


16,172 
15 
16,187 


11 
13,428 


3,001 
16,230 
547 
19,777 


300 
31,889 
1,933 
760 


398 
35,279 


18,731 
16 
18,747 


17,558 


17,558 
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TABLE 18—Continued 
U.S. IMPORTS FOR CONSUMPTION OF HYDRAULIC CEMENT AND CLINKER, BY CUSTOMS DISTRICT AND COUNTRY! 


(Thousand metric tons and thousand dollars) 


њ — 


____ <= н er 
Value Value 
Customs district and country Quantity Customs? Cif? Quantity Customs? Cif? 
Korea, Republicof _________- 157 5,477 6,992 173 6,271 7,432 
Netherlands 1 646 690 (5) 525 567 
Spain -- — -- 16 1,279 1,749 
Other оо м 
Total" 158 6,146 7,725 190 8,109 9,831 
Portland, ME, Canada 28 2,808 3,138 25 2,713 3,036 
Providence, RI, Canada 4 196 287 -- -- - 
San Diego, CA, Mexico (5) 23 25 6 570 627 
San Francisco, СА: 
China 9 1,025 1,175 8 806 1,144 
Egypt 1 68 90 2 198 330 
Taiwan 65 2,551 4,241 -- -- -- 
Thailand 4 529 814 5 788 1,169 
Other (5) 43 63 (5) 19 22 
Total” 79 4,216 6,383 15 1,811 2,666 
Savannah, GÀ: 
Colombia 112 5,885 8,746 -- -- -- 
Egypt 6 565 753 7 686 873 
Spain -- -- -- 22 1,529 1,534 
Other (5) 457 487 (5) 441 461 
Тога!“ 118 6,907 9,986 29 2,656 2,868 
Seattle, МА: 
Сапада“ 761 49,043 51,629 717 48,797 50,750 
China 234 12,071 18,755 27 1,343 2,063 
Japan 1 432 498 1 607 733 
Korea, Republic of 58 2,589 4,074 289 12,905 20,510 
United Kingdom -- — -- 2 149 286 
Other (5 212 231 (5) 131 478 
Тога!“ 1,053 64,347 75,187 1,036 63,932 74,820 
St. Albans, VT, Canada 59 6,532 6,881 83 9,108 9,731 
St. Louis, MO, Other (5) 403 425 (5 411 432 
Tampa, FL: 
Colombia 1 139 196 1 115 155 
Denmark 50 4,914 6,227 77 10,251 12,604 
Other -- -- -- | 155 208 
Total 5] 5,054 6,423 78 10,522 12,966 
U.S. Virgin Islands: 
Colombia 1 106 113 Бе = = 
Jamaica 3 212 215 55 ge -- 
Netherlands = sd = 5 519 537 
Trinidad And Tobago 12 814 824 = = К 
Total 16 1,133 1,152 519 537 
Wilmington, NC: 
| Colombia 102 5,356 8,153 78 4,049 6,216 
Other oo ooo (5) 43 45 (5) 120 135 
Total = 102 5,400 8,198 78 4,169 6,351 
USS. total” 6,418 468,937 557,896 6,893 513,285 606,702 
San Juan, PR: таси поена ee алас 
Colombia 5 657 851 4 431 541 
= ees E М GE EE 
E GP А , is 8 124 7,949 10,185 
| 83 (5) 60 80 
= = 125 9,104 11,944 144 10,384 13,576 
тап 
See footnotes at end of table. 5523 m = E 229.09 oe 
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TABLE 18—Continued 
U.S. IMPORTS FOR CONSUMPTION OF HYDRAULIC CEMENT AND CLINKER, BY CUSTOMS DISTRICT AND COUNTRY! 


(Thousand metric tons and thousand dollars) 


LI aÁ- aa “пне ви 


-- Zero. 


"Includes all varieties of hydraulic cement and clicker. Data are unrounded but are thought to be accurate to no more than three significant digits. 
’Customs value. The price actually paid or payable for merchandise when sold for exportation to the United States, excluding U.S. import duties, 
freight, insurance, and other charges incurred in bringing the merchandise to the United States. 


>Cost, insurance, and freight. The value represents the customs value plus insurance, freight, and other delivery charges to the first port of entry, 
but excludes costs of offloading, other U.S. port handling charges, and demurrage. 


*May not add to totals shown because of independent rounding. 


"Less than № unit. 


fData are underreported with respect to clinker from Canada, and cement from Mexico (2012 only), owing to additional material coming in as 


“informal entries." 


Source: U.S. Census Bureau. 


U.S. IMPORTS FOR CONSUMPTION OF GRAY PORTLAND CEMENT, BY COUNTRY! 


«Жз Е ee ee ee 


(Thousand metric tons and thousand dollars) 


TABLE 19 


2011 2012 
Value Value 
Country Quantity Customs? Cil Quantity Customs? Cit? 
Canada 2,601 193,840 209,122 2,718 208,397 222,397 
China 532 26,446 41,127 327 16,327 24,989 
Colombia 215 11,348 17,012 78 4,049 6,216 
Germany 1 157 180 (4) 33 79 
Greece us 2 = 609 27,033 40,267 
Jamaica 3 212 215 = d» У 
Korea, Republic of 1,402 54,539 86,072 1,276 55,023 84,874 
Mexico 88 5,948 7,501 22% {5335 1,848 ° 
Netherlands (4) 230 249 5 519 537 
Sweden 80 2,685 5,831 131 4,750 9,653 
Taiwan — 65 2,551 4,241 39 1,958 2,743 
Trinidad and Tobago 12 814 824 -- = s 
Other й (4) 67° 8l" (4) 95 442 
Toa - 4,999 298,838 372,455 52033 319717? 394045? 
Puerto Rico: 

Guatemala г. AE x - (4) 7 9 
Spain _ I 106 6,888 8,795 124 7,949 10,185 
— Total®? 65 106 6,888 8,795 124 7,956 10,194 

Grand total® " 5.105 305,726 381,250 5,327 > 327,672? 404,239 ? 


‘Revised. -- Zero, 


| 
Data are unrounded but are thought to be accurate to no more than three significant digits. 


"Mas and other charges incurred in bringing the merchandise to the United States. 
Cost, insurance, and freight. The value represents the customs value plus insurance, freight, and other delivery charges to the first 
0 

port of entry, but excludes costs of offloading, other U.S. port handling charges, and demurrage. 


4 
Less than % unit. 


The price actually paid or payable for merchandise when sold for exportation to the United States, excluding U.S. import duties, freight, 


5 
Data are underreported with respect to imports into the El Paso, TX, customs district owing to additional material coming 1n as 


"Informal entries.” 


6 
M 
à s add to totals shown because of independent rounding. 
otal imports do not include gray portland cement that was misregistered by importers under the white cement tariff code; 


are included in table 20, 


Source: U.S. Census Bureau. 
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TABLE 20 


U.S. IMPORTS FOR CONSUMPTION OF WHITE CEMENT, BY COUNTRY' 


(Thousand metric tons and thousand dollars) 


2011 2012 
Value Value 
Country Quantity Customs? Caf Quantity Customs? Ci f^^ 
Canada 271 37,494 38,264 305 41,564 42,650 
China 37 4,011 4,973 29 2.970 4,141 
Colombia 9 1,272 1,662 6 787 1,057 
Denmark 74 7,534 9,582 96 12,163 15,604 
Egypt 71 7,093 9,846 84 8,468 11,741 
Mexico 163 20,198 22,445 199 24,243 26,399 
Ѕраіп (5) 35 87 16 6 1,279 1,749 
Thailand 11 1,591 2,359 13 1,911 2,809 
Turkey 1 81 136 9 1,153 1,952 
Other ] 220 ' 294 T 2 254 403 
Total’ 639 79,529 89,648 759 $ 94,792 108,506 
Puerto Rico: 
Colombia 5 657 851 4 431 541 
Guatemala (5) 15 20 (5) 12 16 
Mexico 14 1,503 2.215 16 1,944 2,771 
Other сыт "i eot E ИУ -- 
Total’ 19 2,175 3,086 20 2,387 3,327 
Grand total’ 658 81,705 92,733 779 6 97,179 111,833 


Revised. -- Zero. 


!Data are unrounded but are thought to be accurate to no more than three significant digits. 

?The price actually paid or payable for merchandise when sold for exportation to the United States, excluding U.S. import 

duties, freight, insurance, and other charges incurred in bringing the merchandise to the United States. 

Cost, insurance, and freight. The value represents the customs value plus insurance, freight, and other delivery charges to the first port 
of entry, but excludes costs of offloading, other U.S. port handling charges, and demurrage. 

Values of less than $90.00 (c.i.f.) per metric ton likely indicate the mistaken total or partial inclusion of data for gray portland or 
similar cement or clinker. This error happens when the importer records the wrong tariff number with the U.S. Customs Service. 
Values that exceed $200 per ton likely indicate misidentified specialty cement, not white cement. 


"Less than % unit. 


éIncludes 16,499 metric tons of white cement clinker from Spain that was misregistered as white cement by the importer. 
"May not add to totals shown because of independent rounding. 


Source: U.S. Census Bureau. 
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ТАВГЕ 21 
U.S. IMPORTS FOR CONSUMPTION OF CLINKER, BY COUNTRY! 


(Thousand metric tons and thousand dollars) 


2011 2012 
Value Value 
Country Quantity Customs? Cu Quantity Customs? Cif 
Canada” 531 26,394 26,695 673 33,392 33,693 
China 1 72 92 5 726 746 
Croatia 3 152 235 2 106 167 
France 70 23,369 23,728 84 30,580 31,416 
Spain = = == 22 1,529 1,534 
Other (6) 47 69 (6) 13 14 
Totalt” 606 50,034 50,819 786 > 66,346 67,570 


-- Zero. 


'For all types of hydraulic cement. Data are unrounded but are thought to be accurate to no more than three significant digits. 
"Customs value. The price actually paid or payable for merchandise when sold for exportation to the United States, excluding U.S. import 
duties, freight, insurance, and other charges incurred in bringing the merchandise to the United States. 


"Cost, insurance, and freight. The value represents the customs value plus insurance, freight, and other delivery charges to the first port 
of entry, but excludes costs of offloading, other U.S. port handling charges, and demurrage. 


"Data are underreported with respect to additional material coming in as “informal entries.” 
‘Excludes 16,499 metric tons of white cement clinker that was misregistered by the importer as white cement and which has thus been included 
in table 20. 


$Less than У unit. 


"Мау not add to totals shown because of independent rounding. 


Source: U.S. Census Bureau. 
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HYDRAULIC CEMENT: WORLD PRODUCTION, BY COUNTRY"? 


Country 2008 2009 
AES 2010 2011 2012* 
i cl INTE PENECTUS 37 32 36 38 * 37 
Albania 
ms 918 1,108 1,300 1,800 ' 2,000 
= 17,397 ' 18,732 ° 19,100 19,000 =€ 19,000 
ola 1,780 1,800 1,500 1,500 1,600 
Argentina 9,703 9 | | 
ее ; ,385 10,423 11,592 10,716 ? 
Е 770 467 488 422 ' 438 3 
Australia 9.400 9.200 8,300 ' 8,600 ' 8,600 
Austria 5,309 4.646 4.254 4.427 4,455 3 
Azerbaijan | ' , 
1,595 1,286 1,279 1,425 ' 1,966 3 
Bahrain* 3 | | 
: 438 700 900 € 1,200 € 1,300 
Bangladesh 10,000 5° 12,000 ^ 13,770 г 14,690 ' 15,000 
Barbados 301 € 256: r : ' 
ans 229 223° 176 3 
Sca 4,219 4,350 4,531 4,604 ' 4.906 3 
Ве gium 6,710 ' 5,990 ' 6,095 ' 6,954 € 7,000 
enin | 1,347 : 1,315 ' 1,305 ' 1,460 ' 1,390 3 
Bhutan 180 180 200 544° 5213 
Bolivia | 1,985 2,292 2,414 2,658 2,714 3 
Bosnia and Herzegovina 1,406 1,074 949 893 846 3 
Brazil 51,884 ' 51,748 59.118 64,093 68.787 3 
Brunei’ 240 220 270° 290° 300 
Bulgaria 4,651 € 2,645 € 
j : 1,961 ' r 
Burkina Faso r r r p gi 
| 468 563 587 590 ^* 600 
Burma 676 670 534 538° 600 
Burundi -- -- -- 35 71 3 
Cambodia 772 934 789 907 € 980 ? 
Cameroon* 1,000 1,000 890 ' 730 ' 900 
Сапада 13,672 10,985 12,431 12,001 12,465 ? 
Chile 4,622 3,876 3,871 4,406 4,722 3 
China 1,400,000 1,644,000 1,822,000 € 2,099,000 2,210,000 Р 
Colombia 10,456 9.232 9.488 10,777 10,925 ? 
Congo (Brazzaville): 105 110 80 70 ' 150 
Congo (Kinshasa) 411 460 490 458 ' 377 3 
Costa Rica* 2,100 ' 2,100 * 1,276 3 1,600 1,500 
Côte d'Ivoire 360 283 189° 99 ' 78? 
Croatia 3,403 ' 2,655 ' 2,488 ' 2,467 ' 2,500 
Cuba " 1,707 1,626 1,631 ' 1,736 ' 1,833 3 
Cyprus | 1,914 € 1,484 ' 1,329 € 1,207 ' 1,300 
Czech Republic 4,710 3,637 3,345 3,831 ' 3,350 
Denmark 2,494 ' 1,575' 1,553 ' 1,811" 1,798 3 
Dominican Republic 4,207 ' 3,852 ' 4,106 € 3,997 ' 4,130 3 
Есџадог 5,493 4,990 5,287 ' 5,706 ' 5,700 
Egypt 39,844 46,900 47,800 43,384 ' 55,200 ? 
E! Salvador® 1,300 1,212 3 1,290 ' 1,320 ' 1,400 
Eritrea“ 45 45 45 230 ' 230 
Estonia 808 326 375 449 ' 450 
Ethiopia" 1,834? 2,100 2,900 3,300 ' 3,000 
Fiji" 143 110 130° 120 120 
Finland _________- 1,633 € 1,052 1,200 ' 1,514 ' 1,500 
France S o 20,895 ' 17,974 ' 17,733 ' 19,270 ' 19,500 
French Guiana? 62 62 89 "3 62 60 
Gabon 230 250 200 200 220 
Сеара 450 870 * 857 4 860 ' 860 
Germany — 1 0 0 32,461 ' 29,974 " 29,203 € 32,779 ' 32,432 ? 
Сһапае — — 1 1,800 1,800 2,100 € 2,550 ' 3,000 
Gree 12,801 ' 10,069 ' 8,526 ' 7,418 ' 7,500 
Guadeloupe"? _____________ 300 ' 300 ' 300 ' 300 ' 300 
See footnotes at end of table. 
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Country 


Guinea 

Наш“ 
Honduras' 
Hong Kong 
Hungary 
Iceland" 
India? 
Indonesia 
гап“ 

Iraq? 

Ireland 

Israel 

Italy 

Jamaica 
Japan 

Jordan 
Kazakhstan 
Kenya 

Korea, North* 
Korea, Republic of 


Kosovo*" 
Kuwait? 
Kyrgyzstan 
Laos? 

Latvia‘ 
Lebanon — 
Liberia 
Libya 
Lithuania 
Luxembourg 


= 


Macedonia 


— = 


Madagascar" 
Malawi 
Malaysia 


e ө 7 
Martinique? 
Mauritania 
Mexico 


Moldova‘ 
ol -——«—— — ысу сє 


Mongolia 


Namibia 
Nepal" 

Netherlands 

New Caledonia 

New Zealand" 
Nicaragua 


Nigeria‘ 
Norway 


Oman‘ 


Pakistan‘ 
Panama 
Paraguay — 
Peru 
Philippines 
Poland 

See footnotes at end of table. 
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TABLE 22—Continued 


(Thousand metric tons) 


2008 
381 
300 ' 

1,784 3 

1,426 ' 

3,544 
138 

185,000 
38,530 ' 
44,400 3 

6,453 3 

4,493 € 

4,819 

43,030 
725 
62,810 

4,375 

5,837 

2,829 

6,415 ? 

51,653 
590 ? 

2,600 

1,218 
400 
310 

4,250 

94 

5,509 3 

1,076 

1,091 
916 
160 ' 
237" 

19,629 
150 ' 
322 

37,139 
750 
269 

14,047 
744 


295 
3,097 ' 
137 
1,200 " 
530 

56" 
10,000 " 
1,747 " 
3,991 3 
30,800 ? 
1,843 
800 ' 
6,922 
13,369 


2009 
298 
300 * 

1,800 * 

1,124 * 

2,807 ' 
138 

205,000 
36,910 * 
50,000 

7,000 ' 

2,7197 * 

4,759 

36,317 
737 
54,800 

3,876 

5,694 

3,320 

6,400 

50,126 ' 
500 ' 

2,000 
579 
400 
650 

4,900 

71 

6,500 
583 

1,000 
909 
140 ' 
232 

19,457 
150° 
324 ' 

35,160 
700 


42 ' 

10,000 " 

1,093 " 
4,000 


32,800 3 


1,679 
800 ' 

6,862 

14,865 


15,402. 


2010 
237 
300' 

1,800 

1,420 ' 

2,136 ' 
140 ' 
220,000 
39,480 * 
61,000 
8,000 * 
PAET o АЫ 
5,139 
34,408 
723 
51,526 
3,929 
6,686 
3,710 
6,400 
47,420 
360 ' 
2,000 
760 ' 
400 
1,100 
5,221 
72 
7,000 ' 
843 ' 

1,078 
820 
160 " 
188 

19,762 
130" 
592: 

34,502 " 
930" 
323 

14,700 ' 
884 

5 е 

300 ' 

2,138 ' 
160 

1,100 " 
600 

das 

11,000 " 

1,298" 

4,500 
30,000 ' 


1,400 ^ 


1,100 ° 

8,396 
15,900 
15,812 


2011 
365 
300 ' 

1,710? 


1,560 " 


1,694 ' 
140 
250,000 " 
45,240 " 
66,000 * 
10,000 ' 
2,103 " 
5,480 € 
33,120 
766 ' 
51,291 
4,000 * 
7,642 
4,478 ' 
6,400 
48,249 ' 
370' 
2,250 
1,015 " 
400 
1,100 
5,500 * 
81" 
3,500 " 
996 * 
1,519. * 
981 
150 * 
203 
21,198 ' 
150° 
265" 
35,400 
1,070 ' 
426° 
16,300 " 
976 
390 " 
300° 
2,318 
145 ' 
1,200 " 
700 ' 
73." 
12,800 ' 
1387! 
5,000 " 
32,000 
897 
820 € 


8,500 59 


16,063 ' 


_18,993' 


е 


2012* 
317? 
300 

1,700 

1,600 

2,000 
140 

270,000 
51,000 
70,000 
10,000 

2,600 

5,500 

33,000 
760 ? 
SATTI 

4,900 3 

6,392 3 

4,640 3 

6,400 

47,087 3 
400 

2,250 

1,050 
400 

1,100 

5,500 
1093 

2,000 

1,000 

1,2173 
683 3 
150 
180 

21,726 3 
150 
570 

36,184 3 

1,230 
349 

16,500 3 

1,184 3 
501 3 
300 

2,500 
124 3 

1,200 
700 

73 3 

16,400 

1,500 

5,200 3 

33,000 

1,000 
800 

9,000 

18,907 3 


ET 
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(Thousand metric tons) 
Country 2008 2009 2010 2011 2012* 
Portugal 6,629 ' 5,318 ' 4,587 ' 5.069 ' 6,000 
Qatar 3,800 4,095 5,280 ' 5.000 ' 5,500 
Reunion* 400 380° 300 ' 250 ' 350 
Еотата 10,659 : 7,902 7,008 7,846 ' 7,500 
Russia 53,548 44,266 50,400 56,200 ' 61,700 ? 
Rwanda 103 92 95 94 100 ? 
Saudi Arabia 31,823 36,500 42,970 ' 48,358 " 53.000 
Senegal 3,084 3,320 4,066 4,677 ! 4,689 ? 
Serbia 2,843 2,232 2,130 2,095 1,831 3 
Sierra Leone 254 236 301 311 335 3 
Slovakia 4,157 3,011 2,888 3,219 € 2,915 3 
Slovenia 1,525 € 1,082 € 799 t 620 € 1,000 
South Africa, sales 13,473 11,784 10,870 11,234 11,560 ? 
Spain, including Canary Islands 42,088 € 29,505 26,217 € 22,178 15,939 ? 
Sri Lanka? 1,800 1,900 2,600 ' 2,200 2,400 
Sudan 247 622 1,930 ' 3,002 ' 3,477 3 
Suriname 65 * 49 € 45 ' 74 ' 114 3 
Sweden 2,934 ' 1,586 ' 1,796 ' 2,064 ' 2,500 
Switzerland 4,102 ' 4,163 € 4,527 ' 4,577 ' 4,467 3 
Syria 5.336 5.605 6,000 4,000 ^* 4,000 
Taiwan 17,330 15,918 16,301 16,852 15,806 ? 
Tajikistan 190 195 288 299 ' 232 3 
Tanzania 1,756 1,941 2,312 2,409 ' 2,581 3 
Thailand 31,651 33,562 36,496 36,602 ' 41,047 ? 
Togo!! 1,265 ' 1,179 * 1,185 ' 1,160 ' 1,605 3 
Trinidad and Tobago 958 870 791 ' 827° 654 3 
Tunisia 7,559 7,514 ' 8,070 7,055 ' 7,241 3 
Turkey 51,432 ' 53,973 62,737 63,405 63,879 3 
Turkmenistan 1,025 ' 1,100 1,140 1,500 ' 1,900 
Uganda 1,193 € 1,162 ' 1,347 ' 1,666 ' 1,600 
Ukraine 14,918 9,496 9,457 10,515 9,801 ? 
United Arab Emirates” 21,885 ? 18,997 3 18,000 18,000 ' 17,000 
United Kingdom 10,071 7,623 7,882 8,529 8,500 
United States, including Puerto Rico" 87,610 64,843 67,202 68,639 74,934 3 
Uruguay? _________________ 620 620 ' 620 ' 620 ' 620 
Uzbekistan? 6,600 6,850 6,872 ? 6,698 7? 6,800 
Venezuela 8,044 ' 7,900 ' 7,120 ' 7,760 ' 7,700 
Vietnam 40,009 48,810 55,801 ' 58,271 € 55,531 3 
Semen 2,111 2,118 1,864 ' 951' 2,000 
Zambia! 560 880 1,127 ? 1,200 ' 1,200 
Zimbabwe 400 700 800 1,000 ' 1,000 
Total" 2,850,000 3,040,000 ' 3,290,000 ' 3,650,000 ' 3,830,000 
*Estimated. "Preliminary. ‘Revised. -- Zero. 


! World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. Even where presented 
unrounded, reported data are thought to be accurate to no more than three significant digits. Data are from a variety of sources, including the 


European Cement Association. 


?tncludes data available through May 22, 2014. Data may include clinker exports for some countries. 


Reported figure. 


^Data are for fiscal year ending June 30 of the following year. 


5Data are for fiscal year ending March 31 of the following year. 


$Gray cement data only for 2008; white cement output was likely to have been an additional 50,000 to 100,000 tons per year. 


"Estimates for Guadelope and Martinique are apportioned based on the islands’ grinding plant capacities. 


Мо included in Serbia data. 


9Cement sales from Cimentos de Moçambique SARL (Sociedade Anónima de Responsabilidade Limitada) only. 


Op xcludes Kosovo data. 


‘Calculated based on reported production of clinker and imports and exports of cement and clinker. 


"Portland and masonry cements only. Includes a small (less than 0.3% per year) component of double-counting where portland sai is 
clinker) is consumed to make masonry cement; the precise amount of double-counting can not be determined because of the involvement o 


portland cement stockpiles. 
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CHROMIUM 
By John F. Papp 


Domestic survey data and tables were prepared by Mahbood Mahdavi, statistical assistant, and the world production tables 
were prepared by Glenn J. Wallace, international data coordinator. 


In 2012, the U.S. chromium supply (measured in contained 
chromium) was 146,000 metric tons (t) from recycled stainless 
steel scrap, 554,000 t from imports, and 119,000 t from 
Government and industry stocks. Supply distribution was 
234,000 t to exports, 114,000 t to Government and industry 
stocks, and 470,000 t to apparent consumption. Chromium 
apparent consumption increased by 4.696 compared with that 
of 2011. Historically, chromium ferroalloys have replaced 
chromite ore as the leading source of chromium to U.S. industry. 
Stainless steel mill products have been accounting for an 
increasing share of chromium supply to domestic industry, now 
rivaling that of ferrochromium. Because stainless steel mill 
products have contributed a significant amount of chromium 
to domestic industry since 1960, trade in these products has 
been incorporated into chromium trade statistics, and their 
contribution has been accounted for in chromium apparent 
consumption since 2007. Recycled material was the leading 
domestic commercial supply source for chromium in 2012. 
Chromium has a wide range of uses in chemicals, metals, and 
refractory materials. Its use in iron, nonferrous alloys, and steel 
is for enhancing hardenability or resistance to corrosion and 
oxidation. Production of stainless steel and nonferrous alloys are 
two of its more critical applications. Other applications are in 
other alloy steels, catalysts, leather processing, pigments, plating 
of metals, refractories, and surface treatments. 

Because the United States has small chromite ore reserves, 
domestic supply has been a concern during every national 
military emergency since World War I. World chromite ore 
resources, mining capacity, and ferrochromium production 
capacity are concentrated in the Eastern Hemisphere. In 
recognition of the vulnerability of long supply routes during 
а military emergency, chromium (in various forms, including 
chromite ore, chromium ferroalloys, and chromium metal) 
has been held in the National Defense Stockpile (NDS) since 
before World War II. Since 1991, as a result of changed national 


security considerations, stockpile goals have been reduced and 
Inventory has been sold. 


Legislation and Government Programs 


The Defense Logistics Agency (DLA), Strategic Materials, 
| Department of Defense, disposed of chromium materials 
d * fiscal year 2012 (October 1, 2011, through September 
A 5 | Annual Materials Plan (AMP) and announced that 
d cal year 20 13 AMP set maximum disposal goals for 
omium materials at 59,152 t of chromium ferroalloys and 


454 t of chromium m i 
etal (Defense L 
Materials, 2012). Defense Logistics Agency, Strategic 
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Production 


Domestic data for chromium materials were developed by 
the U.S. Geological Survey (USGS) by means of the monthly 
“Chromite Ores and Chromium Products” and “Consolidated 
Consumers” surveys. Stainless and heat-resisting steel 
producers were the leading chromium consumers, and high- 
carbon ferrochromium was the leading chromium-containing 
material consumed. 

The major marketplaces for chromium-containing materials 
are chromite ore and foundry sand; chromium chemicals, 
ferroalloys, and metal; and stainless steel. In 2012, the 
United States produced chromite ore, chromium chemicals, and 
stainless steel. The United States is a major world producer of 
chromium chemicals and stainless steel. The United States does 
not produce ferrochromium or industrial grade chromium metal; 
however, chromite foundry sand was domestically produced. 

Oregon Resources Corp. Ltd. (ORC), owned by IDM 
International Ltd. (Australia), commissioned its Coos Bay 
chromite ore processing facility to produce chromite foundry 
sand in September 2011 and continued to improve efficiency 
and productivity in 2012. ORC reached its nameplate 
capacity of 70,000 metric tons per year (t/yr) of chromite 
(IDM International Limited, 2012, p. 4). Elementis Chromium, 
a subsidiary of Elementis ple (United Kingdom), produced 
sodium dichromate from chromite ore at Castle Haynes, 

North Carolina. 


Consumption 


The U.S. stainless steel industry produced more than 2 million 
metric tons per year (Mt/yr) of stainless steel and imported and 
exported stainless steel mill products and scrap in 2012, makin 
it the leading consumer of chromium materials. AK Steel Co 5 
(AK), Allegheny Technologies Incorporated (ATI), and North i 
American Steel Co. (NAS) were the leading 
steel producers. 

AK produced stainless steel at Butler, PA, and Mansfield 
OH. AK reported shipments of 770,000 t of stainless and | 
electrical steel іп 2012 compared with 817,000 t in 2011 
(AK Steel Corp., 2012, p. 10-11, 17). ATI produced stainless 
steel at Brackenridge, Midland, and Latrobe, PA (Alleghen 
Technologies Incorporated, 2013, p. F15). А 

МА5 [а subsidiary of Acerinox, S.A. (Spain)] produced 
stainless steel at Ghent, КУ. NAS reported melt shop product; 
at 1.01 million metric tons (Mt) in 2012 compared with es 
0.937 Mt in 2011, an 8% increase. Acerinox considered the 


Ghent plant its most efficient Stainless steel р] 
| ant : 
(Acerinox S.A., 2013, р. 170-171). plant worldwide 


U.S. stainless 
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ThyssenKrupp Stainless USA [а subsidiary of ThyssenKrupp 
AG (Germany)] continued development of a 1 Mt/yr 


stainless steel melt shop and rolling mill at Calvert City, AL 
(ThyssenKrupp AG, 2012, p. 75). 


Environment 


Chromium is an essential trace element for human 
health. Some chromium compounds, however, are acutely 
toxic, chronically toxic, and (or) carcinogenic. The U.S. 
Environmental Protection Agency (EPA) regulates chromium 
releases into the environment and the Occupational Safety and 
Health Administration (OSHA) regulates workplace exposure. 


Prices 


Chromium materials are not openly traded. Purchase contracts 
are confidential between buyer and seller; however, trade 
journals report composite prices based on interviews with 
buyers and sellers, and the U.S. Department of Commerce 
reports the declared value of U.S. imports and exports. Thus, 
industry publications and U.S. trade statistics are sources of 
chromium material prices and values, respectively (table 3). 


Foreign Trade 


Chromium-containing material exports from and imports into 
the United States included chromite ore; chromium chemicals, 
ferroalloys, metal, and pigments; and stainless steel. Based 
on foreign trade statistics reported by the U.S. Department of 
Commerce for calendar year 2012, the value of foreign trade of 
these chromium materials excluding stainless steel mill products 
and scrap was $145 million for exports and $1,097 million for 
imports. A significant amount of chromium exits and enters the 
U.S. economy via stainless steel mill product and scrap trade. 
The value of foreign trade of chromium materials including 
stainless steel mill products and scrap was $3,330 million for 
exports and $4,022 million for imports. 


World Industry Structure 


The chromium industry comprises chromite ore, chromium 
chemicals and metal, ferrochromium, stainless steel, and 
chromite refractory material and foundry sand producers. 
Several long-term trends are simultaneously taking place in 
the chromium industry. The chromium chemical industry has 
eliminated excess production capacity and has concentrated 
on increasing production in remaining plants. Chromite 
refractory use has been declining, however, foundry use has 
been increasing slowly. The use of chromite refractories and 
chromium chemicals has been reduced owing to environmental 
concerns. The fraction of chromite ore being supplied by | 
independent producers is declining, while that being supplied 
by vertically integrated producers 1s Increasing. In other words, 
chromite ore mines now tend to be owned and operated by 
chromite refractory, chromium chemical, or ferrochromium 
producers. This trend is associated with the migration of 
ferrochromium production capacity from stainless-steel- 
producing countries (0 chromite-ore-producing countries, a 
trend that has been interrupted with the emergence of China 
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as a significant ferrochromium and leading stainless steel e 
producer. While ferrochromium production capacity was RS 
closed in historically producing countries, which usually have zt 
been stainless-steel-producing countries, new furnaces or 2s 


plants were constructed in chromite ore producing areas. The 
electrical power and submerged-arc electric-furnace production 
capacities used to produce ferrochromium have been increasing. 
Furnaces built recently have an electrical capacity in the tens of 
megavoltamperes (MVA) whereas, when ferrochromium plants = 
were first built, furnaces rated in the low kilovoltampere (kVA) р 
range were common. | 
Production process improvements, such as agglomeration 

of chromite ore, preheating and prereduction of furnace feed, 
and closed-furnace technology, have been retrofitted at the 
plants of major producers, and are being incorporated in newly 
constructed plants. Since the introduction of post-melting 
refining processes in the steel industry after 1960, there has 
been a shift in production to high-carbon ferrochromium from 
low-carbon ferrochromium. After years of ferrochromium 
production, slag stockpiles have grown. Recently developed 
processes have efficiently recovered ferrochromium from that 
slag, and those processes have been or are being installed at 
existing plant sites. In South Africa, the leading chromite- 

ore- and ferrochromium-producing country, three trends are : 
emerging—ferrochromium plants are being developed in the : 
western belt of the Bushveld Complex, ferrochromium plants 

are being built in association with chromite ore mines, and 
ferrochromium production processes have been developed 

to accommodate chromite ore byproduct recovered from 

platinum operations. 

The geographic distribution of mineral production has 

increased over the past 150 years. Europe, along with the 

United States, accounted for nearly all mineral production in 

the mid-nineteenth century, but together now account for less 

than one-fifth of world mineral production. The world share 

of mineral production from the United States and Europe has 

been decreasing, while the share from Australia, Canada, China, 

the Confederation of Independent States, and a collection of 
developing countries has been increasing. Although minerals 

and metals are not being mined to extinction, mineral 

scarcity will likely become an issue in coming decades. The 
displacement of Western countries by developing countries 

as the leading mineral producers has major geopolitical 

implications because Europe is dependent on foreign suppliers 

to satisfy its industrial demand for minerals and metals. It was 

of concern that scarce-minerals markets could be transformed 

from equal access, competitive bidding markets (that is, 

open markets) to markets with long-term supply agreements 

negotiated between major corporations with substantial 

government involvement resulting in a politicized mineral 

supply (that is, politically controlled closed markets). 

Capacity.—Rated capacity (table 7) is defined as the 

maximum quantity of product that can be produced in a period 

of time at a normally sustainable long-term operating rate, based 

on the physical equipment of the plant and given acceptable 

routine operating procedures involving labor, energy, materials, 

and maintenance. Capacity includes both operating plants and 

plants temporarily closed that can be brought into production 
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within a short period of time with minimum capital expenditure. 
Because all countries and producers do not provide information 
about production capacity, historical chromium trade data 

have been used to estimate national production capacities. 
Reported production capacity changes result from both facility 
changes and increased knowledge about facilities. Production 
capacities have been estimated for the chromite ore, chromium 
chemicals, chromium metal, ferrochromium, and stainless steel 
industries (table 7). 

Production.—In 2012, world chromite ore gross production 
was 25.6 Mt, a 0.6% decrease from that of the previous year 
(table 8); ferrochromium gross production was 8.98 Mt, a 3.6% 
decrease from that of the previous year (table 9); and stainless 
steel gross production was 35 Mt, a 5.7% increase from that of 
the previous year (as estimated by the author). 

Chromite Ore.—India, Kazakhstan, and South Africa were 
the leading chromite-ore-producing countries (table 8). 

Chromium Chemicals.—Major chromium chemical 
producers included China, Kazakhstan, Russia, South Africa, 
and the United States. Leading chromium-chemical-producing 
countries where large sodium dichromate plants (production 
capacity in excess of 100,000 t/yr) operate included Kazakhstan, 
Russia, and the United States. Moderate-sized production 
facilities were located in China, India, Japan, South Africa, and 
Turkey. Small-scale local producers operated in China and India. 

Chromium Metal.—Major chromium metal producers 
included Russia (by the electrolytic process), Japan (by the 
silicothermic process), and China, France, Kazakhstan, Russia, 
and the United Kingdom (by the aluminothermic process). 

Ferrochromium.—In 2012, China, Kazakhstan, and South 
Africa were the leading ferrochromium producers (table 9). 
Ferrochromium is the leading end use of chromite ore, and 
ferrochromium production is an electrical energy intensive 
process. Charge-grade ferrochromium requires 2,900 to 
4,100 kilowatt-hours of electrical energy per metric ton of 
product, with efficiency varying by ore grade, operating 
conditions, and production process. Thus, the location of 
ferrochromium plants reflects a cost balance between raw 
materials and electrical energy supply. 

Stainless Steel.— Stainless steel is the leading end use 
of ferrochromium. The International Stainless Steel Forum 
reported 2012 world crude stainless steel production was 
35.363 Mt compared with 33.621 Mt in 2011 (International 
Stainless Steel Forum, 2013). 

T is PUES steel scrap is an important 

ка ian S o the а steel industry. Stainless steel 
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s ania—Albania produced 26,000 t of high-carbon 
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186,635 t of Cr,O, in 2012 and 96,573 t of Cr,O, in 2011 
(Government of Western Australia, 2013, p. 20). 

Consolidated Minerals Limited (Consmin) (2013a, p. 9; 
2013b) reported chromite production of 452,300 t in 2012 
compared with 323,800 t in 2011. Consmin planned to cease 
chromite ore production in 2013 owing to declining ore grade. 

Austria.—Austria produced 0.066 Mt of stainless steel in 
2012 compared with 0.070 Mt in 2011, and consumed 26,000 t 
of high-carbon ferrochromium in 2012 compared with 32,000 t 
in 2011 (CRU, 2014a, b). 

Belgium.—Belgium produced 1.241 Mt of stainless steel in 
2011 compared with 1.241 Mt in 2011 and consumed 228,000 t 
of high-carbon ferrochromium in 2012 compared with 227,000 t 
in 2011 (CRU, 2014a, b). 

Brazil.—Brazil produced chromite ore, ferrochromium, and 
stainless steel. Brazil reported 2011 chromite ore production of 
542,512 t (217,198 t Cr,O, content), exports of 60,818 t, and 
imports of 23,733 t. Brazil produced from a chromite ore reserve 
of 2.51 МЕСТО, content, mostly in Bahia State. In 2011, Brazil 
produced 145,112 t of chromium ferroalloys, exported 11,972 t, 
and imported 16,901 t. Chromite ore was mined in the States 
of Amapa and Bahia. Leading chromite ore producers were 
Cia. Ferro-Ligas da Bahia S/A, Magnesita S/A, and Mineracáo 
Vila Nova Ltda. (Ramos, 2012). Brazil produced 0.390 Mt of 
stainless steel in 2012 compared with 0.413 Mt in 2011 and 
161,000 t of high-carbon ferrochromium in 2012 compared with 
131,000 t in 2011, and consumed 136,000 t in 2012 compared 
with 142,000 t in 2011 (CRU, 20144, b). 

Canada. Canada consumed 19,000 t of high-carbon 
ferrochromium in 2012 compared with 16,000 t in 2011. Cliffs 
Natural Resources Inc. (Cliffs) (United States) (2011; 2012, 

p. 6) reported that its chromite ore properties, Black Thor 
and Black Label (each 10096 owned) and Big Daddy (72% 
owned), in Ontario, Canada, were in the prefeasibility stage 
of development. Cliffs reported inferred mineral resources of 
69.5 Mt at 31.9% Cr. O,. Cliffs was conducting a prefeasibility 
study of a planned open pit mine that would transition to 
underground after 10 to 15 years; ore processing and shipping 
facilities were planned at the mine site; and a brownfield 
ferrochromium smelter was planned at Greater Sudbury with 
electrical power capacity of 300 megawatts. 
| Azimut Pxploration ines explored the Eastmain West property 
in the James Bay region of Quebec for chromite. Azimut 
KORG chromite grading 36.894 Cr,O, at the Sledgehammer 
rospect and 39.1% Cr,O, at the Dominic Prospect (Azimut 
Exploration Inc., 2012, p. 17). 

Noront Resources Ltd. (2012, p. 1) ex 
ore. Noront reported Blackbird prope 
resources of 9.3 Mt at 37.44% Ст О 
11.2 Mt at 34.36% Cr,0 ; 
33.14% Ст,0.. 

China.—China produced chromite ore 
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produced a small amount of chromite or 
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steel. China produced 16.087 Mt of stainless steel in 2012 
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carbon ferrochromium in 2012 compared with 2.653 Mt in 
2011, and consumed 4,667 t in 2012 compared with 4,129 t 
in 2011. In 2012, China accounted for 45% of world stainless 
steel production, 53% of world high-carbon ferrochromium 
production, and 5196 of world high-carbon ferrochromium 
consumption (CRU, 2014a, b). 

Finland.—F inland produced chromite ore (Kemi Mine), 
ferrochromium (Tornio Works), and stainless steel (Tornio 
Works). Finland produced 1.078 Mt of stainless steel in 2012 
compared with 1.003 Mt in 2011, 230,000 t of high-carbon 
ferrochromium in 2012 compared with 231,000 t in 2011, and 
consumed 171,000 t of high-carbon ferrochromium in 2012 
compared with 153,000 t in 2011 (CRU, 2014a, b). 

In 2012, Outokumpu produced 452,000 t of marketable 
chromite ore from 0.8 Mt of run-of-mine ore, 229,000 t of 
ferrochromium, and 1.692 Mt of stainless steel compared with 
693,000 t of chromite ore from 1.4 Mt of run-of-mine ore, 
231,000 t of ferrochromium, and 1.707 Mt of stainless steel in 
2011. The company reported reserves of 33 Mt of chromite 
ore at 26.1% Cr,O, and resources of 105 Mt chromite ore at 
29.5% Cr,O,. Outokumpu produced stainless steel at melt 
shops in Tornio, Avesta (Sweden), and Sheffield (Britain). 
Outokumpu planned to increase its ferrochromium production 
capacity to 530,000 t/yr starting in 2015 (Outokumpu Оју, 
2013, p. 26, 110-111). 

Afarak Group Plc (formerly Ruukki Group) comprised 
chromite ore mining [Stellite Mine (South Africa), Turk 
Maadin Sirketi (Turkey)] and ferrochromium production 
facilities (Mogale Alloys [Pty.] Ltd. (South Africa), Eschweiler- 
Weisweiler [EWW] (Germany)}. 

France.—France produced chromium metal and stainless 
steel. France produced 0.285 Mt of stainless steel in 2012 
compared with 0.300 Mt in 2011, and consumed 77,000 t of 
high-carbon ferrochromium in 2012 compared with 79,000 t in 
2011 (СВУ, 20142, b). Delachaux Group's Metals Operations 
produced chromium metal by aluminothermic reduction of 
chromic oxide. Delachaux produced about 9,000 t of chromium 
metal in 2011 and anticipated producing 9,800 t in 2012 
from an operation with production capacity of 12,000 t/yr 
(Steelguru, 2012). 

Germany.—Germany produced ferrochromium and stainless 
steel. Elektrowerke Weisweiler GmbH [owned by Afarak Group 
(Finland)] produced low-carbon ferrochromium. Germany 
produced 1.313 Mt of stainless steel in 2012 compared with 
1.502 Mt in 2011, and consumed 340,000 t of high-carbon 
ferrochromium in 2012 compared with 377,000 t in 2011 
(CRU, 2014a, b). | 

India.—India produced chromite ore, chromium chemicals, 
ferrochromium, and stainless steel. India exported lumpy 
and friable chromite ore and chromite ore concentrates. 

India produced 2.470 Mt of stainless steel in 2012 compared 
with 2.271 Mt in 2011, produced 1.003 Mt of high-carbon 
ferrochromium in 2012 compared with 0.940 Mt in 2011, and 
consumed 418,000 t of high-carbon ferrochromium in 2012 
compared with 350,000 t in 2011 (CRU, 2014a, b). 

India reported that 20 mines in the States of Karnataka 
and Odisha collectively produced 3,764,120 t of chromite 
ore in fiscal year 2011—12 (April 1, 2011, through March 31, 
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2012) compared with 4,325,699 t from 21 mines in fiscal year 
2010-11. India's chromite ore reserves were estimated at а 
provisional 53.970 Mt as of January 4, 2010. India reported 
chromite ore exports of 225,089 t and imports of 136,204 t in 
fiscal year 2011-12, compared with exports of 172,866 t and 
imports of 86,456 t in fiscal year 2010-11. The leading chromite 
ore mining companies, all located in Odisha, were Balashore 
Alloys Ltd., Ferro Alloys Corporation Ltd., Indian Metal & 
Ferro Aloys Ltd., Misrilall Mines Pvt. Ltd., Orissa Mining 
Corporation Ltd., and Tata Steel Ltd. Krebs & Cei (India) 

Ltd., Tamil Nadu Chromates and Chemicals Ltd., and Vishnu 
Chemicals Ltd. produced chromium chemicals. India produced 
1.595 t of chromium metal in fiscal year 2010-11 (Indian 
Bureau of Mines, 2013). 

From an installed production capacity of 1.69 Mt/yr, India 
produced 904,556 t of ferrochromium in fiscal year 2011-12 
compared with 1,003,598 t in fiscal year 2010-11. India 
exported 567,660 t and imported 32,064 t of ferrochromium 
in fiscal year 2011—12 compared with 774,429 t of exports 
and 22,412 t of imports in fiscal year 2010—11. Chromium 
ferroalloys were produced at plants in the States of Andhar 
Pradesh, Odisha, Gujarat, and West Bengal. The leading 
chromium ferroalloy producers were Balasore Alloys Ltd., 
FACOR Alloys Ltd., GMR Technologies & Ind. Ltd., IDCOL 
Ferro Chrome Plant, Indian Charge Chrome Ltd., Indian Metals 
& Ferro Alloys Ltd., Jindal Stainless Ltd., Jindal Steel & Power 
Ltd., Nava Bharat Ferro Alloys Ltd., Sri Vasavi Ind. Ltd., Rawat 
Ferro Alloys, Rohit Ferro Tech. P. Ltd., SAL Steel, Standard 
Chrome Ltd., Tata Steel Ltd., and Utkal Manufacturing Services 
Ltd. (Indian Bureau of Mines, 2013). 

Italy.—Cogne Acciai Speciali and ThyssenKrupp Accai 
Speciali produced stainless steel. Italy produced 1.702 Mt 
of stainless steel in 2012 compared with 1.602 Mt in 2011, 
and consumed 392 t of high-carbon ferrochromium in 2012 
compared with 376 t in 2011 (CRU, 2014a, b). 

Japan.—Japan was a major stainless steel-producing country. 
Japan produced 3.132 Mt of stainless steel in 2012 compared 
with 3.256 Mt in 2011, and consumed 691,000 t of high-carbon 
ferrochromium in 2012 compared with 835,000 t in 2011 
(CRU, 2014a, b). 

Kazakhstan.—Kazakhstan produced chromite ore and 
ferrochromium. Eurasian Natural Resources Corporation 
PLC (ENRC) (United Kingdom) produced chromite ore and 
ferrochromium. Kazakhstan produced 1.005 Mt of high- 
carbon ferrochromium in 2012 compared with 0.999 Mt in 
2011, and consumed 92 t of high-carbon ferrochromium in 
2012 compared with 87 t in 2011 (CRU, 2014a, b). Production 
capacity at ENRC’s Donskoy Mine was 3.5 Mt/yr. ENRC 
reported salable chromite ore production of 3.730 Mt in 2012 
compared with 3.567 Mt in 2011. ENRC's principal chromite- 
ore-producing subsidiary Donskoy GOK produced 4.5 Mt 
run-of-mine chromite ore. As of December 31, 2012, ENRC 
chromite ore reserves were 206.7 Mt at 41.3% Cr,O,; resources 
were 308.3 Mt at 49.4% Cr,O,. ЕМЕС reported ferrochromium 
production of 1.199 Mt in 2012, compared with 1.185 Mt in 
2011. At Aktobe, ENRC continued construction of four direct 
current furnaces with collective ferrochromium production 
capacity of 440,000 t/yr. Completion was anticipated in 2013 
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at an estimated cost of $750 M (Eurasian Natural Resources 
Corporation PLC, 2013, p. 22, 24—27, 170, 174—176). 

Mechel OAO (Russia) owned Oriel Resources (United 
Kingdom), which produced chromite ore at the Voskhod 
Mine and chromium ferroalloys at the Tikhvin Ferroalloy 
Plant. Voskhod chromite ore feeds the Tikhvin Ferroalloy 
Plant. Voskhod production capacity was 1.3 Mt/yr chromite 
ore plus 0.65 Mt/yr of chromite ore fines. Production in 2012 
was 736,100 t of chromite ore and 379,000 t of chromite ore 
concentrate compared with 691,500 t of chromite ore and 
295.100 t of chromite ore concentrate in 2011. Tikhvin produced 
140,000 t of high-carbon ferrochromium in 2011 containing 
60% chromium. Mechel reported Joint Ore Reserves Committee 
(JORC) and National Instrument (NI) 43—101-compliant 
chromite ore reserves of 20.3 Mt at an average grade of 30.4% 
Cr.O, as of December 31, 2012 (Mechel ОАО, 2013, p. 2, 121, 
125-127). 

Korea, Republic of.—Korea produced 2.131 Mt of stainless 
steel in 2012 compared with 2.116 Mt in 2011, and consumed 
499 t of high-carbon ferrochromium in 2012 compared with 
486 t in 2011 (CRU, 2014a, b). 

Oman.—Oman produced chromite ore and was preparing to 
produce ferrochromium. Oman Chromite Company S.A.O.G. 
produced chromite ore in the mountains near Sohar (Oman 
Chromite Company S.A.O.G., undated). Gulf Mining Materials 
Company, a Gulf Mining Group company, produced chromite 
ore (Gulf Mining Group, undated). 

Four ferrochromium plants were planned or under 
construction in the Sohar Free Zone. Al Tamman Indsil Ferro 
Chrome, a joint venture of Muscat Overseas Group and Indsil 
Group (India), planned to start up a 150,000-t/yr ferrochromium 
plant with 75,000-t/yr production capacity by 2013 and an 
additional 75,000-t/yr capacity by 2014. Bahar Oman Metals 
planned а 100,000-t/yr ferrochromum plant, and Gulf Mining 
Materials planned a ferrochromium smelter. Metkore Alloys & 
Industries Ltd. was building a 165,000-t/yr ferrochromium plant 
that was expected to be operational in 2014 (James, 2013; Bahar 
Metals Metals LLC, undated). 

Russia. —Russia produced 0.099 Mt of stainless steel in 2012 
e with 0.102 Mt in 201 1. Russia produced 260,000 t of 
ба dis ferrochromium in 2012 compared with 252,000 t 
| ‚ and consumed 99,000 t of high-carbon ferrochromium 
In 2012 compared with 347,123 t in 2011 (CRU, 2014a, b). 
d 367,594 t of ferrochromium in 2012 compared 
Wi $n s е hi 2011 and imported 63 t in 2012 compared 
aerial | 2 Report, The, 2013). Mechel produced 
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in2010. bs .063 Mt in 2011 compared with 1.929 Mt 
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exported 3.037 МІ; PUEDE with 3.607 Mt in 2010, and 
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27 chromite ore mines and that 7 companies produced ' 
ferrochromium at 14 plants having a collective production 
capacity of 3.697 Mt/yr of ferrochromium in 2011 (Moisane, 
2011, p. 1-12). South Africa produced 0.505 Mt of stainless 
steel in 2012 compared with 0.444 Mt in 2011, produced 2,89 І t 
of high-carbon ferrochromium in 2012 compared with 3,255 t in 
2011, and consumed 140,000 t of high-carbon ferrochromium in 
2012 compared with 125,000 t in 2011 (CRU, 2014a, b). 

Afarak (Finland) was developing the Mecklenburg Mine and 
Waylox Mine and was expanding the Stellite Mine and Mogale 
Alloys. Afarak commissioned the Mecklenburg Mine (Afarak 
Group Plc, 2013a, b). 

Spain.—Spain produced 0.844 Mt of stainless steel in 2012 
compared with 0.807 Mt in 2011, and consumed 156,000 t of 
high-carbon ferrochromium in 2012 compared with 150,000 t in 
2011 (CRU, 2014a, b). 

Sweden.—Sweden produced ferrochromium and stainless 
steel. Sweden produced 0.510 Mt of stainless steel in 2012 
compared with 0.586 Mt in 2011, produced 40,000 t of high- 
carbon ferrochromium in 2012 compared with 82,000 t in 2011, 
and consumed 110,000 t in 2012 compared with 119,000 t in 
2011 (CRU, 2014a, b). Vargón Alloys AB, a Yildirim Group 
(Turkey) company, produced ferrochromium from a 
ferrochromium operation with a production capacity of 
about 220,000 t/yr. 

Taiwan.—Taiwan produced 1.106 Mt of stainless steel in 
2012 compared with 1.203 Mt in 2011, and consumed 291,000 t 
of high-carbon ferrochromium in 2012 compared with 316,000 t 
in 2011 (CRU, 2014a, b). 

Turkey.— Turkey produced chromite ore and ferrochromium. 
Turkey produced 70,000 t of high-carbon ferrochromium in 
2012 compared with 76,000 t in 2011, and consumed 10,000 t 
in 2012 compared with 18,000 t in 2011. Eti Krom Inc., а 
Yildirim Group company, mined chromite ore and produced 
ferrochromium. Eti Krom operated 79, mostly underground, 
chromite ore mines producing about 1 Mt/yr. Eti Krom also 
produced high-carbon ferrochromium at Elazig from a high- 
carbon ferrochromium operation with a production capacity 
of 160,000 t/yr (Ozdirek, 2013). Eti Elektrometalurji A.Ş. 
produced chromite ore, ferrosilicochromium, and low-carbon 
ferrochromium. Eti Elektrometalurji produced about 100,000 t 
of chromite ore from 12 mines, low-carbon ferrochromium 
from an operation with a production capacity of 36,000 t/yr, 
and ferrosilicochromium from an operation with a production 
capacity of 16,000 t/yr (Eti Elektrometalurji A.S., undated). 
Dedeman МадепсШК (undated) mined chromite ore. 

United Kingdom.—The United Kingdom produced chromium 
metal and stainless steel. London & Scandinavian Metallurgical 
Co. Ltd. produced chromium metal. The United Kingdom 
produced 0.290 Mt of stainless steel in 2012 compared to 
0.330 Mt in 2011, and consumed 49,000 t of high-carbon 
ferrochromium in 2012 compared with 55,000 t in 2011 
(CRU, 2014а, b). 

The British Geological Survey reported that the United 
Kingdom had apparent consumption of chromium contained in 
ferrochromium of 49,300 t in 2011 and iron and steel industry 
consumption of 38,210 t (Bride and others, 2013, p. 29). 
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Zimbabwe.—Zimbabwe produced chromite ore and 
ferrochromium. Zimbabwe produced 155,000 t of high-carbon 
ferrochromium in 2012 compared with 196,000 t in 2011, 


and consumed 8,000 t in 2012 compared with 7,000 t in 2011 
(CRU, 2014a, b). 


Outlook 


The outlook for chromium consumption in the United States 
and the rest of the world is about the same as that for stainless 
steel, which is the leading end use for chromium worldwide. In 
2012, China was the leading stainless steel producer. 

The practice of supplying chromium in the form of 
ferrochromium by countries that mine chromite ore was 
interrupted as China became a major consumer of chromite 
ore to produce ferrochromium, and South Africa experienced 
limited electrical power supply. The trend was expected to 
continue as China closed small, inefficient, environmentally 
unfriendly ferroalloy production facilities. The increasing price of 
ferrochromium sustained independent ferrochromium producers 
in China; however, other factors being equal, ferrochromium 
production is most cost-effective when the ferrochromium 
plant is located close to the chromite mine. With new, efficient, 
and reliable ferrochromium production facilities in chromite- 
ore-producing countries, ferrochromium production capacity 
and production are expected to diminish in countries where 
ferrochromium production facilities are not located near chromite 
ore resources. Other factors of production, such as electrical 
energy or labor costs, can offset chromite ore transportation costs. 
Further vertical integration of the chromium industry is expected 
as countries that produce chromite ore expand ferrochromium or 
stainless steel production capacity. 

Chromite Ore.—Chromite ore is predominantly used to 
make ferrochromium that is used to make metal alloys. Lesser 
amounts of chromite ore are used to make chromium chemicals 
or refractory products. Chromite ore production capacity was 
expected to remain in balance with average consumption. To 
improve chromite ore availability and to stabilize feed material 
prices, ferrochromium producers have invested in mines that 
produce chromite ore. Most chromite ore is produced under 
vertically integrated mine-smelter or mine-plant ownership. As 
platinum mining moves to chromite-bearing seams in South 
Africa, a greater portion of chromite is likely to be supplied 
as byproduct from such operations. Platinum may become a 
byproduct of some chromite operations when efficient recovery 
of platinum from chromite ore tailings 1s developed. In addition 
to increased production from the leading chromite ore producers 
(India, Kazakhstan, and South Africa), chromite ore production 
in the Middle East (Oman, Turkey, and United Arab Emirates) is 
expected to increase to meet increasing demand. | 

Ferrochromium.—Ferrochromium 15 predominantly used 
to make stainless steel. Lesser amounts of ferrochromium 
are used to make alloy steel or superalloys. The outlook for 
ferrochromium is the same as that for metal alloys. 

Chromium Metal.—The Delachaux Group reported 2011 
world chromium metal production to have been 41,000 t and 
projected production of 43,000 t in 2012 and 44,000 to 45,000 t 
in 2013 (Steelguru, 2012). 
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SALIENT CHROMIUM STATISTICS! 
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ls 


MENS а | ae бели Е 


2008 2009 2010 2011 2012 
World, production, contained chromium: 
Chromite ore (miney metric tons 7,320,000 6,010,000 " 7,530,000" 7,940,000" 7,890,000 
Ferrochromium (smelter)? do. 4,590,000 4,000,000 " — 5,300,000 5,310,000" 5,120,000 
Stainless steel' do. 4,540,000 4,440,000 5,370,000 5,610,000 5,930,000 
U.S. supply: 
Components of U.S. supply, contained chromium: Ш 
Domestic mines do. uS ís "S a = 
Secondary’ do. 146,000 141,000 144,000 147,000 146,000 
Imports: 
Chromite ore? do. 64,300 23,000 43,800 ' 70,300 90,800 
Chromium chemicals do. 18,000 10,600 5,120 4,270 5,880 
Chromium ferroalloys do. 307,000 140,000 305,000 311,000 302,000 
Chromium metal do. 13,100 7,570 13,000 13,600 15,300 
Stainless steel mill products and scrap do. 157,000 91,800 133,000 132,000 140,000 
Stocks, January 1: 
Government do. 115,000 155,000 © 129,000 115,000 111,000 
Industry’ do. 9,940 7,290 6,820 7,300 7,710 
Тога] до. 831,000 576,000 779,000 800,000 819,000 
Distribution of U.S. supply, contained chromium: 
Exports: 
Chromite ore do. 2,280 743 1,390 1,930 6,930 
Chromium chemicals do. 22,600 13,500 21,600 20,600 17,700 
Chromium ferroalloys and metal do 11,300 2,900 4,850 3,060 3,070 
Stainless steel mill products and scrap do 250,000 263,000 246,000 206,000 206,000 
Stocks, January 1: 
Government do 105,000 $ 129,000 115,000 111,000 107,000 
Industry’ do 7,290 6,820 7,300 7,770 ' 7,670 
Total do 399,000 416,000 396,000 351,000 € 348,000 
Production, reported, chromium ferroalloy and metal net production’ = W W зе са = 
Consumption 
Apparent, contained chromium do. 432,000 160,000 384,000 450,000 ' 470,000 
Reported: 
Chromite ore and concentrates, gross quantity do W W W W W 
Chromium ferroalloys:'° 
Gross weight do. 427,000 383,000 423,000 429,000 ' 436,000 
Contained chromium do. 251,000 224,000 248,000 248,000 ' 251,000 
Chromium metal, gross quantity do. 4,740 4,190 4,540 4,490 ' 4,940 
Stocks, December 31, gross quantity: 
Government 
Chromite ore do. ae E -- -- in 
Chromium ferroalloys do. 140,000 € 175,000 154,000 150,000 144,000 
Chromium metal do. 4,820 4,670 4,430 4,230 4,090 
Industry: 
Producer’ | "NA ____ do. W W W W W 
^ Consumer: 
Chromium ferroalloys? — 0 do. 11,700 10,900 11,500 12,600" 12,500 
Chromium metal | до. 235 149 284 186 ' 228 
Other n | до. 271 ' 263 244 ' 239 ' 211 
Prices, average annual: uu 
Chromite ore? dollars per metric ton 346 159 208 216 168 
Ferrochromium, chromium content" dollars per pound 1.79 0.81 1.17 1.15 1.08 
—__ Aluminothermic chromium metal, gross quantity? do. 5.30 4.08 523 556 237 
16 
сеје ES thousands $149,000 $86,600 $131,000 $124,000 ие 
Imports do. $1,430,000 $444,000 $1,010,000 $1,130,000 $1 о 
^ — weimprs" Фә 4280,00 _ -358000 -884,000 -1,010,000 -952,000 
See footnotes at end of table. 
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TABLE 1—Continued 


SALIENT CHROMIUM STATISTICS! 


U.S. supply:— Continued 
Stainless steel: 


2008 


2009 


2010 


Production: 
Gross quantity" metric tons 1,930,000 1,620,000 2,200,000 2,070,000 1,980,000 
Contained chromium"? do. 324,000 276,000 383,000 353,000 NA 
Average grade, dimensionless?? 0.1684 0.1703 0.1738 0.1703 NA 
Shipments, gross quantity"! 1,380,000 1,200,000 1,510,000 1,890,000 1,900,000 
Exports, gross quantity 471,000 414,000 508,000 558,000 590,000 
Imports, gross quantity 783,000 416,000 585,000 605,000 668,000 
Scrap, gross quantity: 
Receipts 858,000 832,000 846,000 866,000 858,000 
Consumption 1,330,000 1,260,000 1,280,000 1,300,000 1,300,000 
Exports 1,000,000 1,130,000 937,000 656,000 624,000 
Imports 140,000 124,000 195,000 169,000 155,000 
Value of trade: 
Exports thousands $2,300,000 $1,450,000 $2,120,000 $2,510,000 — $2,380,000 
Imports do. $4,040,000 $1,710,000 $2,310,000 $2,650,000 $2,690,000 
Scrap exports do. $1,190,000 $777,000 $936,000 $958,000 $804,000 
Scrap imports do. $217,000 $138,000 $305,000 $295,000 $236,000 
Net imports! ^ ^ do. -$773,000 $384,000 . $433,000 . $523,000 $260,000 


"Revised. do. Ditto. NA Not Available. W Withheld to avoid disclosing company proprietary data. -- Zero. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 

Calculated assuming chromite ore to average 45% Cr;O,, which is 68.42% chromium. 

‘Calculated assuming chromium content of ferrochromium to average 57% chromium. 

Calculated from American гоп and Steel Institute reported stainless steel production assuming chromium content of stainless steel to average 16.7% chromium. 
АШ assuming chromium content of stainless steel to average 17% chromium. 

From January 1, 2009, to December 31, 2009, the Defense Logistics Agency (DLA) made an accounting adjustment to low-carbon ferrochromium stocks 
making A35them (the stocks for those months) incompatible for the purpose of computing stock change for that year. January stocks were estimated. 
includes consumer stocks of chromium ferroalloys and metal and other chromium-containing materials. 

From January 1, 2008, to December 31, 2008, the DLA changed its high-carbon and low-carbon ferrochromium stocks accounting method making them (the 
stocks for those months) incompatible for the purpose of computing stock change for that year. December stocks were estimated based on monthly stock 
changes excluding the accounting-change month. 

‘Includes chromium ferroalloys and metal and other chromium materials in the United States. 

„chromium ferroalloys, chromite ore, and other chromium-containing materials excluding chromium metal. 

„Chromium ferroalloys and metal producer stocks of chromium ferroalloys and metal. 

Consumer stocks of high- and low-carbon ferrochromium and ferrochromium-silicon. 

Time-weighted average price of South African chromite ore that contains 44% Cr;O; free on board (f.o.b.) South Africa as reported in Ryan's Notes. 
ime-weighted average U.S. price of imported high-carbon chromium that contains 49% to 51% chromium as reported in Ryan's Notes. 

Annual average U.S. price of imported aluminothermic chromium metal as reported by Ryan's Notes. 
суде chromite ore and chromium ferroalloys, metal, and chemicals. 

Negative data indicate that imports are greater than exports. 

Source: American Iron and Steel Institute annual report of stainless and heat-resisting raw steel production and shipments. 


9 D 
Est s-wei i | | 
à inate 4 mass-wei ghted average of the mean chromium content of stainless steel production by grade. Uncertainty is approximately +0.01, owing to the 
m Бе of chromium chemical specification limits by stainless steel grade. 
Ratio of estimated mass- 


1 
Source: American Iron a 
Includes Stainless steel a 


weighted average chromium content of stainless steel production by grade to production. Expressed as a fraction. 
nd Steel Institute annual report of stainless and heat-resisting raw steel shipments. 
nd stainless steel scrap. 
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ТАВГЕ 2 
U.S. REPORTED CONSUMPTION AND STOCKS OF CHROMIUM PRODUCTS! 


(Metric tons) 
2011 2012 
Gross Chromium Gross Chromium Change? 
quantity content quantity content Quantity Percent 
Consumption by end use: 
Alloy uses: 
Steel: 
Carbon steel 7,430 ' 4,570 ' 6,730 4,310 -696 -9 
High-strength low-alloy steel 3,150" 2,070 € 2,730 1,790 -419 -13 
Stainless and heat-resisting steel 363,000 ' 209,000 : 374,000 213,000 11,000 3 
Fully alloy steel 21,300 ' 12,800 : 16,900 10,100 -4,400 -21 
Unspecified steel” 23,500 ' 13,800 ' 23,600 13,900 122 1 
Superalloys 10,400 ' 7,700" 12,600 9,450 2,280 22 
Other alloys and uses’ 4,740 ' 3,400 ' 4,860 3,420 123 3 
Total 433,000 ' 253,000 ' 441,000 256,000 8,050 2 
Consumption by material: 
Low-carbon ferrochromium 26,700 ' 18,200 ' 26,600 18,200 -78 (6) 
High-carbon ferrochromium 373,000 T 219,000 € 380,000 221,000 6,820 2 
Ferrochromium silicon - (5) (5) (5) (5) (5) W 
Chromium metal 4,490 ' 4,490 ' 4,940 4,940 452 10 
Chromium-aluminum alloy 366 ' 267 371 257 5 1 
Other chromium materials 28,200 ' 11,200 * 29,100 11,400 852 3 
Total 433,000 ' 253,000 ' 441,000 256,000 8,050 2 
Consumer stocks: 
Low-carbon ferrochromium 1,900 ' 1,300 " 1,770 1,210 -133 -] 
High-carbon ferrochromium 10,100 ' 5,930 " 10,100 5,870 -38 (6) 
Ferrochromium silicon (5) (5 (5) (5 (5) (5) 
Chromium metal 186 ' 186 ' 228 228 42 22 
Chromium-aluminum alloy (5) (5) (5) (5) (5) (5) 
Other chromium materials 820 ' 361 ' 863 366 43 5 
Total 13,000 ' 7,770 ' 12,900 7,670 -87 -1 
National Defense Stockpile stocks: ^? 
Chromium ferroalloys:? 
High-carbon ferrochromium 95,200 68,000 94,300 67,300 -902 -1 
Low-carbon ferrochromium 54,300 38,800 49.400 35,200 -4,990 -9 
Chromium metal? 4,230 4,230 4,090 4,090 -136 E 


W Withheld to avoid disclosing company proprietary data; included in “Total.” 


!Data are rounded to no more than three significant digits; may not add to totals shown. 
^ Change based on gross quantity of unrounded data of current year compared with that of previous year. 
"Includes electrical, tool, and unspecified steel end uses. 


^Includes cast irons, welding and alloy hard-facing rods and materials, wear- and corrosion-resistant alloys, and aluminum, copper, magnetic, 
nickel, and other alloys. 


?Withheld to avoid disclosing company proprietary data; included in “Other chromium materials.” 
Less than % unit. 


"The source for stockpile information is the Defense Logistics Agency, DLA Strategic Materials. 
Тре DLA data are based on the “Total Uncommitted Inventory" of stockpile material D-1 report. 
?Chromium content estimated using 71.496 chromium. 

lÉ Chromium content estimated using 100% chromium. 
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TABLE 3 
VALUE OF IMPORTS AND U.S. PRICE QUOTATIONS FOR CHROMIUM MATERIALS! 


2011 2012 
Contained Gross "Contained Gros _ 
Material chromium quantity chromium quantity 
Value? 
Chromite ore: 
Not more than 40% chromic oxide dollars per metric ton 1,490 528 XX XX 
More than 40% but less than 46% chromic oxide do. 814 252 781 238 
46% or more chromic oxide do. 986 372 1,240 410 
Average do. 965 355 1,200 392 
Ferrochromium: 
Not more than 0.5% carbon do. 5,000 3,460 4,820 3,330 
More than 0.5% but not more than 3% carbon do. 4,080 2,320 3,580 2,440 
More than 396 but not more than 496 carbon do. 1,400 794 992 536 
Average (not more than 4% carbon) do. 4,920 3,380 4,620 3,180 
More than 4% carbon do. 2,270 1,300 2,050 1,170 
Average (all grades) do. 2,600 1,530 2,360 1,380 
Chromium metal* do. XX 14,100 XX 13,300 
Price: 
Chromite ore: 
Turkey 
36% to 38% CrO; do. 1,250 6 317 959 6 243 
40% to 42% Cr,0; до. 1,190 ° 334 930 $ 261 
South Africa 
39% СО; до. 779 208 575 153 
44% Cr;O; до. 718 216 558 168 
High-carbon ferrochromium: 
49% to 51% chromium cents per pound 115 XX 108 XX 
60% to 65% chromium do. 122 XX 110 XX 
Low-carbon ferrochromium 
0.05% carbon do. 246 XX 234 XX 
0.1096 carbon do. 228 XX 217 XX 
0.15% carbon do. 219 XX 210 XX 
_ Chromium metal: 
Imported, aluminothermic do. XX 656 хх 587 
de Ditto. XX Not applicable. 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 
"Маз -weighted average based on customs value and quantity of imported material. 
Reported by the U.S. Census Bureau. 
“Average for all grades. 
"Source Ryan's Notes. 
Based on average C,0; content. 
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TABLE 7 
WORLD PRODUCTION CAPACITY AND CONSUMPTION OF CHROMITE ORE, 
FERROCHROMIUM, CHROMIUM METAL, CHROMIUM CHEMICALS, AND STAINLESS STEEL*® ' 


(Thousand metric tons of contained chromium) 


Production capacity in 2012 


Ferro- Stainless Consumption? 
Country Ore chromium Metal Chemicals steel 2010 2011 2012 

Afghanistan 2 -- -- -- -- => e == 
Albania 87 18 -- -- -- 18 2 -14 
Argentina А -- -- -- 13 -- 19 22 15 
Australia 136 -- -- -- -- -45 -54 -139 
Austria -- -- -- -- 11 84 124 159 
Belgium -- -- -- -- 236 128 118 126 
Brazil E 193 72 -- -- 76 207 163 170 
Сапада -— -- -- -- -- 18 15 16 
China 60 1,490 15 140 2,520 3,500 3,730 3,520 
Czech Republic -- -- -- -- 3 9 7 | 
Finland 208 121 -- -- 175 133 154 113 
France -- -- 10 -- 5] 53 46 50 
Сегтапу -- 18 -- -— 263 245 190 187 
Gree ls (3) -- -- -- -- (3) 1 | 
India 1,170 480 (3) 31 404 476 491 705 
Indonesia -- -- -- -- NA -2 -2 -3 
Iran 81 e T 2 és = - s 
ts oem etd. T = Уа = - 279 208 225 201 
Јарап -- 11 1 17 584 448 446 403 
Kazakhstan 1,070 852 -- 37 -- 205 300 323 
Korea, Republic of -- -- -- -- 329 279 271 282 
Madagascar ‘= A 40 Ба E = -- (3) 37 3 
Oman заа 259 РЕ vs 53 = -2 11 15 
Pakistan 76 -- -- 3 -- 9 -5 26 
Phiipines — 7 * M " 5 о) -2 (3) 
Bind ОСО О ош сш шш э вш 
Russia 275 353 25 31 30 129 277 274 
Slovenia _ d № == P 20 10 16 16 
South Africa 3,270 1,880 — 23 91 -11 -227 -103 
Зрат = T d -- 161 88 83 89 
Sub. Dx» uoc mM 19 È © > S (3) (3) (3) 
Sweden о о = 74 Ра & 100 50 29 36 
Taiwan . К > d > 237 224 158 147 
Turkey |. 873 50 s 17 = 64 -29 185 
Ukraine ~ zs wa Зе 37 = 28 20 
United Arab Emirates 10 -- -- -- => (3) -6 => 
United Kingdom _ в z, T 8 д 57 29 35 34 
United States —— = E -- 38 360 294 345 342 
Vietnam 17 Зе aA i Ре » es -9 
Zimbabwe 180 93 x 3 _+ | 66 AS 

Lu == . D . 5500 а 9332 KS „== 


Estimated. NA Not Available. XX Not applicable. -- Zero. 

Data are rounded to no more than three significant digits; may not add to totals shown. ay 

Estimated based on U.S. Geological Survey reported chromite ore production and United Nations trade statistics (COMTRADE) 
assuming that chromite ore imports are reported in contained Сг›Оз; chromium ferroalloys, contained chromium; and exports, 


gross quantity. 
3 
Less than № unit. 
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Country _ 


Afghanistan? * 
Albania? 
Australia 


Brazil’  — 


China? 
Finland 
Greece” 4 
India 

Iran 
Kazakhstan 
Madagascar 
Oman 
Pakistan 
Philippines 
Russia 
South Africa 
Sudan 
Turkey 


Vietnam 
Zimbabwe 
Total 


United Arab Emirates 


2008 
6,500 
225,373 
224,809 
664,347 
200,000 
613,543 
1,400 
3,900,000 
268,586 
3,552,000 
112,613 
859,748 
104,000 
15,268 
913,000 
9,682,640 
27,094 
1,885,712 
34,350 
55,880 
442,584 
23,800,000 


“Estimated. Preliminary. ‘Revised. -- Zero. 
World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
*Table includes data available through February 25, 2014. 
*Figures for all countries represent marketable output. 

‘Gross weight estimated assuming an average grade of 44% chromic oxide (Cr;O;). 


‘Reported figure. 


TABLE 8 
CHROMITE: WORLD PRODUCTION, BY COUNTRY"*? 


(Metric tons, gross weight) 


2009 
6,700 ' 
К 283,558 ' 
119,314 
365,210 
200,000 
246,817 
1,400 
3,760,000 
268,586 ' 
3,544,000 
у 133,000 ' 
636,482 
133,000 " 
14,322 
416,194 
7,560,938 
14,087 
1,573,993 
23,770 
37,105 
193,673 
19,500,000 * 


бОге grade was 18% to 42% chromic oxide (Cr;O;). 


Average chromic oxide (Cr;O;) content was as follows: 2008—42.5%; 2009—40.0%.; 2010—49.7%; 
2011—45.2% (revised); and 2012—45.0% (estimated). 
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2010 
5.127 0 
328,322 * 
180,000 " 
520,129 
200,000 
598,000 ' 
1,400 
3,800,000 
45,000 ' 
3,760,000 * 
134,500 
801,856 
252,000 ' 
14,807 
400,000 * 
10,871,095 
56,823 
1,904,461 
25,000 
40,000 
510,000 
24,400,000 ' 


2011 
6,204 "5 
330,938 ' 
323,800 ' 
542,512 ' 
200,000 
692,527 ' 
1,600 
3,850,000 * 
100,000 ^* 
3,800,000 * 
66,700" 
616,700 
250,000 ^* 
22,794 € 
662,000 ' 
10,721,360 ' 
64,128 ' 
2,901,027 ' 
40,000 * 
599,079 ' 
25,800,000 ' 


2012* 
6,000 
330,000 
452,300 ? 
543,000 P 
200,000 
425,217 ? 
1,600 
3,900,000 
100,000 
4,000,000 
67,000 
554,800 > 
260,000 
23,890 ? 
660,000 
11,000,000 
18,300 ? 
2,500,000 
40,000 
550,000 
25,600,000 
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Country? 
Albania 
Brazil" 
China‘ 
Finland‘ 
Germany? 
India® • 
Iran 


TABLE 9 


FERROCHROMIUM: WORLD PRODUCTION, BY COUNTRY”? 


Japan‘ 


Kazakhstan 
Romania 
Russia 
South Africa’ 
Sweden" 
Turkey‘ 
United States? 
Zimbabwe 
Total 


2008 
11,916 
194,324 
1,500,000 
233,550 ? 
26,960 ? 
750,000 
NA 
13,888 
1,220,315 
6,000 
490,000 * 
3,268,659 
117,053 5 
79,840 5 
W 
145,430 
8,060,000 ' 


2009 
7,556 
131,048 
1,810,000 
123,310 ? 
13,667 ? 
873,385 > 
NA 
7,698 
1,173,286 
15,000 
378,000 
2,346,132 
31,345 ? 
41,028 ^ 
W 
72,223 
7,020,000 ' 


(Metric tons, gross weight) 


2010 
23,233" 
277,114 
2,400,000 
125,000 
17,300 
850,000 
МА 
16,208 
1,311,302 
14,000 
414,288 " 
3,607,132 
36,000 
60,000 
146,000 
9,300,000 * 


2011 
28,694 ' 
145,122 * 
2,700,000 " 
125,000 
17,800 
830,000 
NA 
17217* 
1,289,917 * 
501,700" 
3,425,911" 
36,000 
60,000 
140,000 * 
9,320,000 ' 


2012* 
29,000 
150,000 P 
2,800,000 
125,000 
17,500 
800,000 
NA 
18,000 
1,305,566 ` 
500,000 
3,000,000 
36,000 
60,000 


137,534 P5 


8,980,000 


"Estimated. Preliminary. ‘Revised. NA Not available. W Withheld to avoid disclosing company proprietary data; not included in 


Ro ” -- Zero. 


"World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
“Table includes data available through February 25, 2014. 


"In addition to the countries listed, Iran is known to have produced ferrochromium, but information is inadequate to make reliable 


estimates of output levels. 


“Includes high- and low-carbon ferrochromium. 


"Reported figure. 


"Reported on a fiscal year basis, which is from April 1 to March 31. Includes ferrochrome and charge chrome. 


‘Includes high- and low-carbon ferrochromium and ferrochromium-silicon. 


"Includes chromium metal, high- and low-carbon ferrochromium, ferrochromium-silicon, and other chromium materials. 
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CLAY AND SHALE 
By Robert L. Virta 


Domestic survey data and tables were prepared by Robin C. Kaiser, statistical assistant, and the world production tables 
were prepared by Glenn J. Wallace, international data coordinator. 


The quantity of clay sold or used by domestic producers in 
2012 increased slightly to 25.8 million metric tons (Mt) valued 
at $1.54 billion compared with 25.7 Mt valued at $1.54 billion 
in 2011 (table 1). Common clay and shale accounted for 45% 
of the tonnage, and kaolin accounted for 57% of the value 
(tables 1, 5, and 8). In 2012, exports decreased slightly to 
4.17 Mt valued at $963 million compared with 4.24 Mt valued 
at $988 million in 2011. Imports of clays were 524,000 metric 
tons (t) valued at $108 million in 2012 compared with 593,000 t 
valued at $97.4 million in 2011 (table 1). World production of 
bentonite was 14.8 Mt, production of fuller's earth was 3.11 Mt, 
and production of kaolin was 38.2 Mt (tables 16—18). 

Approximately 180 companies mined clay and shale in the 
United States in 2012. The 20 leading companies, many with 
multiple operations, accounted for 61% of the tonnage and 85% 
ofthe value for all types of clay sold or used. Clay production 
was reported in all States except Alaska, Delaware, Hawaii, 
Idaho, Minnesota, New Hampshire, New Jersey, Rhode Island, 
Vermont, and Wisconsin (table 2). Companies that mined clay 
for construction fill and landfill caps and did not operate mills 
or plants were not included in the U.S. Geological Survey 
(USGS) canvass of the clay and shale industry. These companies 
operated in most, if not all, States. 

The 10 leading producer States were, in decreasing order 
of tonnage, Georgia, Wyoming, Texas, Alabama, Missouri, 
Virginia, Tennessee, California, Ohio, and Oklahoma. These 
10 States accounted for 77% of U.S. clay production (table 2). 
The 15 leading producer companies were, in alphabetical 
order, American Colloid Co. (bentonite); BASF SE (bentonite, 
fuller’s earth, and kaolin); Bentonite Performance Minerals LLC 
(bentonite); Black Hills Bentonite, LLC (bentonite); CARBO 
Ceramics Inc. (kaolin); Cemex USA (common clay and shale); 
сш Shale, Inc. (common clay and shale); Imerys SA (ball 
ре ET. KaMin LLC (kaolin); M-I L.L.C. (bentonite); 
m ag eri $ earth); Oil-Dri Corp. of America (fuller's 
aol den n AE Inc. (common clay and shale); Thiele 

· (kaolin); and Unimin Corp. (ball clay and kaolin). 

Most clay mining in the United States was by open 
iP less than 1% of U.S. clay output was from 
ERAI: mines. Most subsurface production was in Ohio, 
ге the clays were mainly underclays associated with 
underground coal mining. 
TA а data for clays were developed by the 
К n survey of U.S. operations. Responses 
рах а. production datà available from other 
iis че r approximately 54 % of the total clay and 
dite for the ayes or used quantity listed in table 1. Production 
каен ойшы: were estimated from preliminary 
trends in the foc те ed prior-year production levels adjusted by 
stry, employment hours, and other guidelines. 
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Ball Clay 


Production.—In 2012, four companies mined ball clay in 
four States. Production of domestic ball clay increased by 10% 
to 973,000 t valued at $45.1 million compared with 886,000 t 
valued at $40.9 million in 2011 (table 3). The leading producer 
State was Tennessee, followed by, in descending order of 
tonnage, Texas, Mississippi, and Kentucky. One producer 
reported production in Indiana, but this probably was fire clay 
rather than ball clay. 

Consumption.—Consumption of ball clay increased in 2012. 
The two principal domestic markets were, in decreasing order 
by tonnage, ceramic floor and wall tile (44%) and sanitaryware 
(18%). Ball clay also was sold to manufacture bricks, electrical 
porcelain, fine china, pottery, refractory products, roofing 
granules, and other types of ceramics (table 3). Ball clay 
producers also reported sales for fiberglass and filler, extender, 
and binder applications; those were likely to have been kaolin 
mined or purchased by the ball clay producers. Domestic 
sales for ceramic tile manufacture increased by 25% with two 
companies accounting for most of the increase. It was possible 
that some sales destined for foreign tile manufacturing markets 
were reported as domestic sales because U.S. shipments of 
ceramic tile increased by only 4% from 2011 to 2012 and the 
annualized rate of ceramic tile shipments, through the second 
quarter of 2013, increased by only 9% from the same period in 
2012 (Tile Council of North America, Inc., 2013). Other markets 
were relatively unchanged in 2012. Producers reported that 
exports accounted for 21% of total ball clay sales. 

Prices.—The average unit value for ball clay reported by 
domestic producers was unchanged at $46 per metric ton from 
that of 2011. The average free alongside ship (f.a.s.) value for 
exported ball clay was $62 per ton. The average Customs value 
for imported ball clay was $314 per ton. 

Foreign trade.—Ball clay exports were 74,000 t valued 
at $4.58 million in 2012 compared with 49,000 t valued at 
$2.89 million in 2011, according to the U.S. Census Bureau 
(table 14). Producers reported exports to be 202,000 t (table 3). 
Most of the difference in exports reported by producers and the 
U.S. Census Bureau involved shipments to Mexico, whose trade 
statistics suggested that Mexico’s imports of ball clay from the 
United States were reported under Mexico's Harmonized Tariff 
Standard (HTS) code for kaolin and other kaolinic clays. Ball 
clay imports were 436 t valued at $137,000 (table 15). 


Bentonite 


Production.—In 2012, 21 companies produced nonswelling 
and (or) swelling bentonite in 11 States. About 4.98 Mt valued 
at $311 million was sold or used in 2012, a slight decrease in 


quantity from 4.99 Mt valued at $304 million of bentonite sold 
or used in 2011 (table 4). 

Production of swelling bentonite was 4.84 Mt valued at 
$300 million in 2012, essentially unchanged from that of 2011. 
Wyoming was dominant in the production of swelling bentonite 
with 90% of the total production, followed by, in descending 
order of tonnage, Utah, Montana, Texas, California, Oregon, 
Nevada, and Colorado. 

Production of nonswelling bentonite was 140,000 t valued 
at $10.7 million in 2012, a 5% decrease from that of 2011. 
Alabama led in the production of nonswelling bentonite, 
followed by, in descending order of tonnage, Mississippi, 
California, and Arizona. 

Western Lithium USA Corp. submitted mine plans for its 
hectorite deposit in Kings Valley, NV. The company planned 
to market hectorite for deep drilling situations with specialty 
products meeting American Petroleum Institute specifications. 
The review process was not expected to be completed until early 
2014 (Western Lithium USA Corp., 2012). 

Consumption.—1n 2012, domestic sales and use of bentonite 
decreased slightly from that of 2011. Major domestic sales 
of bentonite were, in decreasing order by quantity, drilling 
mud (all swelling bentonite), pet waste absorbent (more than 
9994 swelling bentonite), pelletizing iron ore (all swelling 
bentonite), and foundry sand bond (more than 85% swelling 
bentonite). Bentonite also was sold for civil engineering, fillers 
and extenders, waterproofing and sealing, and a variety of other 
applications (table 4). 

Sales to several leading domestic bentonite markets declined 
slightly in 2012 compared with those of 2011. The 32% decline 
in sales for waterproofing and sealing was likely accounted 
for by the increase in sales for miscellaneous civil engineering 
applications. Export sales to the drilling mud and foundry sand 
markets declined in 2012, although some tonnage to those 
markets may be reported under Exports-Other, which increased 
by 35% compared with that of 2011 (table 4). 

The leading markets shown in table 4 are representative of 
those of swelling bentonite, which accounted for 97% of total 
bentonite sales. The leading uses of nonswelling bentonite were 
in foundry sand bond and water treatment and filtering. 

For smaller markets, swelling bentonite accounted for 
more than 90% of the bentonite sold for adhesives; animal 
feed; clarifying, decolorizing, and filtering animal, mineral, 
and vegetable oils and greases; cosmetics, medical, and | 
pharmaceutical applications; fertilizers; miscellaneous ceramics; 
miscellaneous fillers and extenders; oil and grease absorbents; 
paint; pesticides; and plastics. Swelling bentonite accounted for 
less than 5096 of sales for water treatment and filtering. 

In 2012, American Colloid (a subsidiary of AMCOL 
International) reported increases in sales revenue for metal | 
casting applications, its leading revenue market. Its foundry 
sales also increased with the continuing growth in the — 
automotive and heavy equipment markets, and its basic minerals 
markets increased mainly on the strength of sales for gas and oil 
drilling (AMCOL International Corp., 2013, p. 34). 

Rockwood Holdings, Inc. (the parent company of Southern 
Clay Products, Inc.) reported slightly decreased sales in most of 
its clay-additive markets because of lower demand for coatings 
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and inks and oilfield applications (Rockwood Holdings, Inc., 
2013, p. 38). 

Prices.—The average unit value reported by domestic 
producers for nonswelling bentonite was $76 per ton in 2012 
compared with $73 per ton in 2011. The average value for 
swelling bentonite was $62 per ton compared with $61 per ton 
in 2011. The average value for all bentonite was $62 per ton 
in 2012 compared with $61 per ton in 2011. The average f.a.s. 
value of exported bentonite was $159 per ton. The average 
Customs value of imported bentonite was $1,270 per ton. 

The price of bentonite that was sold in bulk, crude form 
for iron ore pelletizing from the mill in Wyoming was $60 to 
$65 per ton; foundry-grade that was bagged and shipped in 
railcars was $88 to $112 per ton; pet waste absorbent grade, 
$45 to $54 per ton; and American Petroleum Institute (API)- 
grade bentonite that was bagged and shipped in railcars was 
$82 to $118 per ton. Crushed, dried, loose in bulk bentonite 
from India was $34 to $38 per ton for pet waste absorbent grade. 
Foundry grades, crude and dried, in bulk, free on board, Milos, 
Greece, was $79 to $106 per ton (Industrial Minerals, 2012a). 

Foreign trade.—Bentonite exports increased slightly to 
1.04 Mt valued at $165 million in 2012 from 1.02 Mt valued at 
$167 million in 2011 (table 14). Canada and Japan accounted 
for the largest share of the bentonite exports with 26% and 
12%, respectively. Domestic bentonite producers reported 
exports of 1.19 Mt (table 4). Some discrepancy typically occurs 
between data reported by producers and the U.S. Census Bureau 
data because producers often include a portion of the exports 
destined for Canadian and Mexican markets under domestic 
sales. In addition, some bentonite is packaged domestically and 
then exported as a finished product, such as pet waste absorbent. 
Sales through U.S. mineral brokers, where producers do not 
know if the bentonite is used domestically or exported, also 
could contribute to the discrepancy. 

Bentonite imports consisted mainly of untreated bentonite 
clay and chemically or artificially activated materials. Imports 
of untreated bentonite were 12,000 t valued at $15.3 million. 


Imports of artificially activated material were 31,000 t valued at 
$34.0 million (table 15). 


Common Clay and Shale 


Production.—1n 2012, 121 companies produced common 
clay and shale for manufacturing products in 39 States and 
Puerto Rico. Companies that mined clay for construction fill 
and landfill caps and did not operate mills or plants were not 
included in the USGS canvass of the clay and shale industry. 
These companies operated in most, if not all, States. 

The quantity of common clay and shale sold and used was 
11.7 Mt in 2012, essentially unchanged from that of 2011 
(table 5). The 10 leading producing States were, in descending 
order of tonnage, Texas, Alabama, Ohio, Georgia, Oklahoma, 
Virginia, California, North Carolina, New York, and Missouri. 
These 10 States accounted for 6596 of U.S. common clay and 
shale production. 

Texas Industries announced that it would exchange its 
expanded shale and clay aggregates division, with plants in 
California, Nevada, and Texas, for 42 ready-mix concrete plants 
in Arkansas and Texas, owned by Trinity Industries Inc. Trinity 
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indicated that the exchange would allow it to focus more on its 
core business of aggregates. (Texas Industries, Inc., 2012). 

Consumption.—Brick manufacture remained the leading 
market for common clay and shale, followed by, in descending 
order of tonnage, portland cement and lightweight aggregate. 
These three markets accounted for 93% of sales in 2012. 
Lightweight aggregate sales (2.75 Mt) were subdivided into 
concrete block (4596), structural concrete (1996), and highway 
surfacing and miscellaneous lightweight aggregates (1876 
each). Other markets for common clay and shale included 
civil engineering, ceramic floor and wall tile, miscellaneous 
ceramics, heavy-clay (nonbrick) products, and refractory 
products (table 5). 

Prices.—The average unit value reported by domestic 
producers for all common clay and shale produced in the 
United States was $10 per ton, a decrease from $12 per ton in 
2011. The value of clay and shale used to produce lightweight 
aggregate was estimated to be $21 per ton in 2012 compared 
with $27 per ton in 2011. Average prices for lightweight 
aggregate produced from clay and shale ranged from $30 to 
$80 per ton for most applications. Unit values for common 
clay and shale should be used with caution. Most common clay 
and shale producers do not sell their clay, but use it directly to 


manufacture products and have not established a selling price 
for their clays. 


Fire Clay 


Production. —Fire clay producers were mostly refractory 
product manufacturers that used the clays in firebrick and 
various heavy-clay products. In 2012, four firms mined fire 
clay in three States. Fire clay production declined by 15% to 
183,000 t valued at $4.87 million compared with 215,000 t 
valued at $6.36 million in 2011 (table 6). Missouri was the 
leading producing State, followed by, in descending order of 
tonnage, Texas and Colorado. Lower production was reported 
by the two leading fire clay producers, and several common clay 
producers that occasionally mine fire clay indicated that they did 
not do so in 2012. 

Consumption.— Consumption of fire clay decreased in 
2012. Leading markets for fire clay were, in descending 
order of tonnage, refractory grogs and calcines, fire brick, 
portland cement, and pottery. Most data were withheld to avoid 
disclosing company proprietary data (table 6). Fire clay also 
Was sold for high-alumina brick and specialties; ramming and 
ы. тү У block and mortars; refractory saggers; 
n єє: 2012, the average unit value for fire clay 
$30 per ss сотезис producers was $27 per ton compared with 
Шы, 3 = 2011. The average f.a.s. value of exported fire 
КЕ i e 1 ton. The average Customs value of imported 

ОЕ рег ton. 
Tod и: E | » үне мш | fire clay and refractory-grade 
in recent years. At NIA od à rn e 
reported by the as UA ~ ey more, of the exports 
clay was though; па геаџ ипдег the HTS code for fire 
db basca E. 346 ractory-grade kaolin rather than fire 
Wat exported. Tn as Бе of ports from which the material 

; exports of fire clay and refractory-grade 
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kaolin decreased to 289,000 t valued at $47.2 million compared 
with 371,000 t valued at $61.6 million in 2011 (table 14). 
Mexico accounted for 64% of the decline in exports but exports 
decreased significantly to many European countries. In 2012, 
Luxembourg and Mexico accounted for 44% and 20% of U.S. 
fire clay exports, respectively. In 2012, imports were 8,000 t 
valued at $1.38 million. China accounted for 82% of the import 
tonnage (table 15). 


Fuller’s Earth 


Production.—In 2012, 11 companies produced fuller's 
earth in 10 States. Fuller's earth deposits consist mainly of 
palygorskite (attapulgite) in Florida and southwestern Georgia 
and montmorillonite in central Georgia and other States. Gellant 
grades of attapulgite, used as thickeners in such items as drilling 
muds and paints, were mined in western Florida and near 
Attapulgus, GA. Sorbent grades of attapulgite were mined a 
little further north near Ochlocknee, GA. To be consistent with 
past reporting, sorbent grades of attapulgite were grouped with 
the montmorillonite-type fuller's earth, whose major market also 
was sorbent applications. 

Gellant-grade attapulgite was mined or sold in the Florida 
Panhandle and southwestern Georgia by two companies. 
Attapulgite production data were withheld to avoid revealing 
company proprietary data, but production increased in 2012 
compared with that of 2011. Florida led in the production of 
attapulgite, followed by Georgia. 

Production of the montmorillonite variety of fuller's earth 
increased slightly to 1.98 Mt valued at $182 million in 2012 
compared with 1.95 Mt valued at $194 million in 2011 (table 7). 
Montmorillonite-type fuller's earth was produced, in decreasing 
order of tonnage, in Missouri, Georgia, Mississippi, Virginia, 
California, Tennessee, Florida, Illinois, Kansas, and Texas. 
Georgia, Mississippi, Missouri, and Virginia, accounted for 79% 
of U.S. production. 

Oil-Dri Corp. stopped production of industrial floor absorbent 
and pet waste absorbents at its Mounds, IL, facility, moving 
that production line to its facilities in Mississippi. The decision 
was based on cost savings and State regulatory requirements 
in Illinois. The Illinois facility continued to produce products 
for animal health and nutrition (Oil-Dri Corp. of America, 
2013, p. 28, 47). 

Consumption. Consumption of fuller's earth (excluding 
gel-grade attapulgite-type fuller's earth) increased slightly 
in 2012. Pet waste absorbent was the leading market for the 
montmorillonite-type and sorbent-grade attapulgite-type 
of fuller's earth, followed by miscellaneous (unknown or 
unspecified uses); oil and grease absorbents; filtering, clarifying, 
and decolorizing of animal, mineral, and vegetable oils and 
greases; fillers and extenders; animal feed; and exports. Other 
uses included civil engineering, drilling mud, fertilizer carriers, 
paint, pesticide carriers, and portland cement (table 7). The 
leading market for gel-grade attapulgite-type fuller's earth 
was unknown or unspecified uses; followed by, in decreasing 
order of tonnage, drilling mud; paint; miscellaneous fillers, 
extenders, and binders; fertilizer carriers; pesticide carriers; 
adhesives; animal feed; plastics; oil and grease absorbents; 
filtering, clarifying, and decolorizing of animal, mineral, and 
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vegetable oils and greases; and medical, pharmaceuticals, and 
cosmetics applications. 

Domestic sales of fuller's earth for pet waste absorbents 
increased by 5% compared with that of 2011. Sales of fuller's 
earth for filtering, clarifying, and decolorizing animal, mineral, 
and vegetable oils and greases increased by 11%. A major 
producer reported increased U.S. demand for fluid filtration 
products in 2012 (Oil-Dri Corp. of America, 2013, p. 26). 
Several fuller's earth producers reported increased sales for 
filler, extender, and binder applications. 

Montmorillonite grades dominated sales to most fuller's 
earth markets, but attapulgite accounted for most of the sales 
of fuller’s earth, in decreasing order of tonnage, for adhesives; 
paint; medical, pharmaceuticals, and cosmetics applications; 
drilling mud; fertilizer carrier; paint; and plastics. 

Prices.—The average unit value of attapulgite-type 
fuller's earth reported by domestic producers was withheld 
to avoid disclosing company proprietary data but the value 
was unchanged from that of 2011. The average value of 
montmorillonite-type fuller's earth was $92 per ton in 2012 
compared with $100 per ton in 2011. Two operations with large 
tonnage production reported lower unit values for 2012, causing 
the decline in the overall unit value. The average f.a.s. value of 
exported fuller's earth was $345 per ton. The average Customs 
value of imported fuller's earth was $113 per ton. 

The price of fuller's earth, soda ash-treated, civil engineering 
grade, ex-works, South Africa, was $81 to $113 per ton; pet 
waste absorbent grade, ex-works, South Africa, was $27 to 
$65 per ton; and foundry grade, ex-works, South Africa, was 
$97 to $137 per ton (Industrial Minerals, 2012a). 

Foreign trade.—In 2012, exports increased slightly to 
105,000 t valued at $36.2 million (table 14). Imports of 
decolorizing earth and fuller's earth were 1,410 t valued at 
$160,000 in 2012 (table 15). 


Kaolin 


Production.—In 2012, 17 firms mined kaolin in 9 States. 
Domestic production increased slightly to 5.98 Mt valued at 
$873 million compared with 5.95 Mt valued at $851 million in 
2011 (table 8). Georgia accounted for 92% of the U.S. kaolin 
production, followed by, in descending order of tonnage, 
South Carolina, Alabama, Arkansas, Texas, Florida, North 
Carolina, Nevada, and California. Kaolin production in Georgia 
increased slightly to 5.49 Mt valued at $836 million in 2012 
compared with 5.48 Mt valued at $814 million in 2011 (table 9). 
Companies in Georgia accounted for nearly all the pigment- 
grade calcined kaolin produced in the United States in 2012.A 
small amount also was produced in Texas. Production in South 
Carolina, which accounted for 4% of U.S. kaolin production, 
increased slightly to 246,000 t valued at $19.8 million in 
2012 compared with 245,000 t valued at $19.7 million in 
2011 (table 10). 

Advanced Primary Minerals Corp. sold its kaolin subsidiary, 
Advanced Primary Minerals USA Corp. (APM USA), to a 
private ownership group. APM USA owned a mine and mill as 
well as rights to kaolin reserves near Dearing, GA (Advanced 
Primary Minerals Corp., 2012). 


Google 


Because of growing demand for proppants used in hydraulic 
fracturing for gas and oil production, CARBO Ceramics 
began construction of its third ceramic proppants plant; this 
one in Millen, GA. The plant should begin operating in 2013 
and will use locally sourced kaolin as plant feed (CARBO 
Ceramics, Inc., 2013). 

PyraMax Ceramics, LLC announced that its Wrens ceramic 
proppants plant in Georgia was expected to be operational in 
March 2013. That plant would use locally sourced kaolin to 
manufacture proppants used by the gas and oil industries during 
hydraulic fracturing operations (Howard, 2012). 

Consumption.—Consumption of kaolin increased slightly in 
2012 from that of 2011 (table 11). The major domestic markets 
for kaolin were, in descending order of tonnage, paper coating 
and filling (34% of domestic sales), refractory products (18%), 
miscellaneous ceramics (15%), fiberglass and mineral wool 
(7%), and catalysts (6%). Other smaller but significant markets 
were catalyst manufacture, chemical manufacture, floor and wall 
tile, heavy-clay products (brick and portland cement), paint, 
plastics, and rubber. The leading export market for kaolin was in 
paper coating and filler (table 11). A similar market distribution 
was seen for producers in Georgia (table 9). 

The sales distribution for South Carolina kaolin producers 
was, in descending order of tonnage, fiberglass, catalyst 
manufacture (included in ceramics in table 10), rubber, brick, 
adhesives, unknown uses, paper coating, portland cement, 
miscellaneous ceramics, animal feed, firebrick, plastics, and 
electrical porcelain. Much of the data for individual markets 
was withheld to avoid disclosing company proprietary 
data (table 10). 

Paper coating and filling markets accounted for 48% of total 
(domestic and export) kaolin sales in 2012 compared with 51% 
in 2011. Domestic sales of kaolin for paper coating markets 
decreased by 27% in 2012. One U.S. producer accounted 
for the bulk of the decline in overall domestic sales for 
paper coating applications but that same company reported a 

significant increase in export sales for paper coating and filler 
applications. Total sales (domestic and export combined) for 
paper applications declined by only 4% in 2012. Refractory 
products accounted for 12% of total kaolin sales in 2012, with 
sales increasing slightly because of a small improvement in U.S. 
industrial production. Other increases were distributed across 
many end-use markets. A few companies accounted for the bulk 
of the increase in kaolin sales for catalysts (56%) and paint 
(35%). Almost equivalent declines in sales for miscellaneous 
ceramics and miscellaneous applications (domestic) in 2012 
suggested that some catalyst and paint sales may have been 
included under the miscellaneous categories in 2011. 

Prices.—The average unit value of kaolin reported by 
domestic producers was $146 per metric ton for all kaolin 
grades. The average value for airfloat was $75 per ton; 
delaminated, $150 per ton; unprocessed, $53 per ton; and water 
washed, $156 per ton. All types of calcined kaolin combined 
were valued at $208 per ton. The average f.a.s. value of 

exported kaolin was $224 per ton. The average Customs value 
of imported kaolin was $120 per ton. | 

The price of number 1 paper coating grades of kaolin Hom 
a plant in Georgia ranged from $161 to $209 per ton, and the 
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price of number 2 paper coating grades varied from $108 to 
$166 per ton (Industrial Minerals, 2012a). 

Foreign trade. —Exports decreased slightly in 2012 to 
245 Mt of kaolin valued at $549 million compared with 
249 Mt valued at $555 million in 2011 (table 14). Producers 
reported exports of 1.98 Mt (table 11). Some of the kaolin 
exported to Canada and Mexico probably was reported under 
domestic consumption by U.S. producers. Sales through 
U.S. mineral brokers, where producers do not know if the kaolin 
is used domestically or exported, also could explain part of 
the discrepancy. 

Kaolin imports were 472,000 t of kaolin valued at 
$56.8 million in 2012 compared with 549,000 t valued at 
$56.2 million in 2011 (table 15). Decreased imports from Brazil 
accounted for about 88% of the decline in imports. About 85% 
of kaolin imports were from Brazil and were used primarily in 
paper coating applications. 


World Review 


World production of bentonite was approximately 14.8 Mt 
(table 16), and fuller's earth production was 3.11 Mt (table 17). 
Kaolin production was about 38.2 Mt (table 18), including 
ball clay from Australia, Ukraine, and various other countries, 
and crude kaolin ore production that was reported by many 
countries. World sales of processed kaolin were estimated to be 
between 24 and 26 Mt, after accounting for processing losses 
and stockpiling and the inclusion of ball clay production as 
kaolin by some countries. The United States continued to be the 
leading supplier of processed clay for sale, followed by China 
and Greece for bentonite, Spain for fuller's earth, and Brazil 
and the United Kingdom for kaolin. Spain led all countries in 
the production of sepiolite. Senegal was the leading producer of 
palygorskite (attapulgite), followed by the United States. The 
rankings above were based on processed clay sold or used and 
not on crude ore production. 

Australia. —WA Kaolin Holdings Pty. Ltd. began developing 
a mine near Wickepin, Western Australia. The deposit has 
Proven reserves of more than 100 Mt of kaolin weathered from 
а granitic matrix. The company planned to expand its initial 
150,000 Uyr plant to 350,000 t/yr (Ollett, 2012a). 

Brazil. —KaMin LLC, a leading U.S. producer, purchased 
à majority share in CADAM SA, a major Brazilian kaolin 
producer, The purchase made KaMin the second ranked world 
uds of refined kaolin with an estimated 1.7 million metric 
ties Ж, ig ee capacity. The purchase included a mine 
20192 ag " у ш plant and port near Рага (Ollett, 

a). The company planned to restructure the 
CADAM operation, primarily reduc; i iliti 
Еран ое. , : arily reducing production capabilities 
Би fuck — e with a decreased demand for paper-grade 

Ий sum ng and writing paper (KaMin LLC, 20125). 

ng Indian kaolin producer, 20 Microns, 


ы e “Xpansion of its calcined kaolin plant in Bhuj to 

» < Џуг from 40,000 Uyr (Ollett, 2012b) 

Ukraine, —Prosco Resour | | 
producer of kaolin, planned 
kaolin plant at its Prosyana 
250,000 Uyr by 2014. Prosc 


9094 of the kaolin market i 


ces Ltd., a leading European 
construction of a spray-dried 
deposit. Capacity will increase to 
о, which accounts for as much as 
n the Confederation of Independent 
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States (CIS), sold kaolin for ceramics, filler and extender 
applications, fiberglass, and paper markets (Ollett, 2012c). 

United Kingdom.—In the United Kingdom, Imerys, the | 
world's leading kaolin producer, purchased the kaolin operations 
of Goonvean Ltd. The Goonvean kaolin pit is adjacent to 
Imerys’ Wheal Martyn pit. Imerys’ plants in Greensplat and 
Trelarvour have a combined annual capacity of 200,000 metric 
tons of refined product, used mainly for ceramics, paper, and 
porcelain (Imerys SA, 2013, p. 22; Lismore, 2012b). 


Outlook 


Sales of ball clay and common clay and shale industries and 
portions of the fire clay, attapulgite-type fuller’s earth, and 
kaolin industries are dependent on commercial and residential 
construction and renovation. These clays are used in the 
manufacture of many construction-related products, ranging 
from caulks to paints to sanitaryware. Reported starts for 
privately owned housing units were 781,000 in 2012 compared 
with 609,000 in 2011, a 28% increase (U.S. Census Bureau, 
undated). The annualized value of residential and nonresidential 
construction put in place, which provides a general indicator of 
commercial construction activity where clay-based materials 
may be used, increased by 9% to $857 billion in 2012 from 
$788 billion in 2011 (U.S. Census Bureau, 2013). Although 
housing starts remain lower than prerecession levels, the 
increase in building activity suggests that sales of these Clays to 
construction-related markets may increase in 2013. 

The fire clay industry and a portion of the common clay and 
shale and kaolin industries are dependent on refractory markets. 
Annual growth in global refractory markets was expected to 
increase from 3.5% to 5.2% through 2014. Growth in refractory 
brick and shapes markets, however, was expected to lag behind 
those for monolithics (Ceramic Industry, 201 3; Industrial 
Minerals, 2012b; Lismore, 2012a). Thus, sales of these Clays for 
refractory uses may remain unchanged in 2013. 

Sales of swelling bentonite and montmorillonite-type 
fuller’s earth for oil absorbent and pet waste absorbent markets 
increased in 2010 and 2011, suggesting that markets were 
improving and that sales may increase slightly in 2013. 

Sales of bentonite for drilling mud applications may decline 
in 2013 compared with those of 2012 based on a slowdown in 
worldwide drilling activity reported by a major drilling services 
company (Baker Hughes Inc., 2013). Sales of attapulgite-type 
fuller's earth, which accounts for only a small portion of the 
overall drilling mud market, may remain unchanged or increase 
slightly in 2013. 

Sales of bentonite were linked to the iron and steel industries 
because of its use for pelletizing iron ore (swelling bentonite) 
and as a foundry sand bond (swelling and nonswelling 
bentonite). Two suppliers of bentonite to the U.S. foundry 
industry indicated that the market increased in 2012 (AMCOL 
International Corp., 2013, p. 34; S&B Industrial Minerals 
S.A., 2013). Additionally, machinery and vehicle manufacture, 
which use many cast metal components, was reported by the 
Federal Reserve to have increased from 2010 to 2012 (Board 
of Governors of the Federal Reserve System, 2013). This 
suggests that demand for bentonite for foundry sand bond 
applications may increase in 2013. Shipments of iron ore and 
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steel production through July 2013, however, were less than in 
the same period in 2012 (Tuck, 2013). Consequently, demand 
for bentonite for iron ore pelletizing is likely to decline slightly 
or remain unchanged in 2013. 

sales of bentonite and common clay and shale for civil 
engineering applications, such as waterproofing and sealing 
and landfill caps and liners, may begin to improve slightly 
because of increased construction activity. Sales of bentonite 
and fuller's earth as carriers and suspension agents in fertilizers 
and pesticides may increase in 2013, based on increased acreage 
planted in 2012 and anticipated increases in planting in 2013 
(U.S. Department of Agriculture, 2013). Sales of bentonite and 
fuller's earth for filtering, clarifying, and decolorizing of animal, 
mineral, and vegetable oils and greases are dependent on the 
quality of the oil source, and sales tend to vary yearly rather 
than follow economic trends. Sales of fuller's earth for fluid 
purification applications have increased since 2009, thus sales 
for fuller's earth may increase in 2013. 

Kaolin is strongly dependent on paper markets for sales. 
Competition from calcium carbonate as a paper coating and 
filler and also a general downturn in the U.S. paper industry 
for the past several years resulted in a significant decline 
in domestic sales for paper. In the United States, industrial 
production of paper, the leading market for kaolin, declined 
2.3% in 2012 for the second consecutive year (Board of 
Governors of the Federal Reserve System, 2013). Exports 
of kaolin to foreign paper markets, particularly in Asia, have 
partially offset declines in kaolin sales in the United States. 
Domestic sales of kaolin to paper markets may be unchanged 
or decline slightly in 2013, based on usage trends. Export 
sales of kaolin, primarily for paper use, may increase slightly, 
particularly to Asian markets. 

The use of proppants increased significantly in the past decade 
because of increased hydrofracturing of gas- and oil-bearing 
formations to improve recovery (Beckwith, 2011). The two 
leading U.S. producers of kaolin-based ceramic proppants, 
however, expected only moderate expansion of the markets in 
2013 because of a slowdown in the growth of drilling activity 
(CARBO Ceramics Inc., 2013, p. 27; Imerys SA, 2013, p. 15). 
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TABLE 1 
SALIENT U.S. CLAY STATISTICS!” 


(Thousand metric tons and thousand dollars) 


2008 2009 2010 2011 2012 

Domestic clays sold or used by producers: 

Quantity 32,700 24,500 25,600 25,700 ' 25,800 

Value 1,650,000 1,330,000 1,480,000 1,540,000" 1,540,000 
Exports: 

Quantity 5,100 3,830 4,360 4,240 * 4,170 

Value 938,000 702,000 862,000 988,000 " 963,000 
Imports for consumption: 

Quantity 237 325 555 593 324 

Value 86,600 104,000 81,200 97,400 108,000 
‘Revised. 
‘Excludes Puerto Rico. 


"Рай are rounded to no more than three significant digits. 
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ТАВГЕ 2 


CLAYS SOLD OR USED BY PRODUCERS IN THE 
UNITED STATES, BY STATE! ? 


(Thousand metric tons and thousand dollars) 


State? 

Alabama 
Arkansas 
California 
Colorado 
Florida 
Georgia 
Indiana 
Iowa 
Kansas 
Kentucky 
Louisiana 
Michigan 
Mississippi 
Missouri 
New York 
North Carolina 
Ohio 
Oklahoma 
Oregon 
South Carolina 
Tennessee 
Texas 
Utah 
Virginia 
Wyoming 
Other’ 

Total 
"Revised. 
'Excludes Puerto Rico. 


2011 


Quantity Value 


1,380 
577 ' 
627 ' 
137 

98 € 

6,630 ' 
351 
182 
327 
362 
144 
312 
652 

1,050 
387 
774 
632 
570 
205 
472 
755 

2,140 
459 
793 € 

4,530 ' 

1,130 ' 

25,700 ' 


36,300 
8,210" 
39,500 " 
298 
19,300 : 
868,000 ' 
7,740 
862 
3,320 
8,450 
1,280 
1,280 
36,600 
40,700 
16,900 
4,880 
13,300 
2,720 
1,300 
20,900 
31,800 
41,300 
15,100 
30,300 " 
263,000 ' 
22,900 ' 


1,540,000 ' 


2012 


Quantity 
1,420 
430 
720 
105 
92 
6,660 
392 
183 
335 
305 
145 
314 
627 
1,150 
425 
470 
693 
638 
203 
443 
816 
2,250 
464 
848 
4,540 
1,100 
25,800 


?Data are rounded to no more than three significant digits; may not add to totals shown. 
?Publishable totals used to avoid disclosing company proprietary data. 

^Includes Arizona, Connecticut, Illinois, Maine, Maryland, Massachusetts, Montana, Nebraska, Nevada, 
New Mexico, North Dakota, Pennsylvania, South Dakota, Washington, and West Virginia. 
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Value 
22,200 
2,020 
36,700 
S95 
19,000 
885,000 
7,520 
863 
3,280 
6,420 
1,330 
1,290 
39,500 
36,300 
19,000 
2,590 
13,900 
3,010 
1,110 
18,400 
34,800 
40,500 
21,500 
28,000 
267,000 
26,200 
1,540,000 
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TABLE 3 
BALL CLAY SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY TYPE AND USE! 


(Thousand metric tons and thousand dollars) 


——AVnm—————P———————ÀÉÓEEÓ——— Án — H——n ÁO ДЕЕ А 


— M < ON 
Quantity Value Quantity Value 

Type: 
Airfloat 615 27,600 653 29,500 
Water-slurried 97 4,710 104 4,860 
Unprocessed а 173 8,610 215 10,700 
Тога! 886 40,900 973 45,100 

Use: 

ЕШегз, extenders, binders? IN 40 NA 40 NA 
Floor and wall tile Р 340 МА 426 МА 
Miscellaneous ceramics? 80 NÀ 85 NA 
Pottery 4 NA 4 МА 
Sanitaryware 181 NA 177 NA 
Miscellaneous’ 31 МА 37 МА 
Exports, reported by producers? а 05. МА . 0 м 
Total 886 40,900 973 45,100 
NA Not available. оо о LL IL LLLLLLLLLZIZIZIIXIZ 


'Data are rounded to no more than three significant digits; may not add to totals shown. 

"Includes animal feed; asphalt emulsions; rubber; and other fillers, extenders, and binders. 

?Includes catalysts, electrical porcelain, fiberglass, fine china and dinnerware, mineral wool, and roofing granules. 
"Includes heavy-clay products, waterproofing seals, refractories, and unknown uses. 

*Includes miscellaneous ceramics and unknown uses. 
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TABLE 4 


BENTONITE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY TYPE AND USE! 


(Thousand metric tons and thousand dollars) 


2011 2012 


м ____ Меше uL — 


Type: 
Nonswelling 


Swelling 


Total 


Use 


Domestic: 
Pet waste absorbents 


coL EU VES eu ле ie eges 


Adhesives 
Animal feed 


, Animalieed ___н____9_____ — —— 
Drilling mud 
Filler and extender applications” 
Foundry sand 


= p ВИ SS Se 


Pelletizing (iron ore) 


SVU А ~ т Шу ————— 


Waterproofing and sealing 
Miscellaneous civil engineering 


Miscellaneous” 


(foo AVETOM REGNI MNT ити 


Total 
Exports, reported by producers: 
Drilling mud 


„у. а али unie on ии 


Foundry sand 


_ MM ee 


Other’ 


ml ———————————— SS RR 


Total 


ety — a UMM 


Grand total 
"Revised. NA Not available. 


Б ae а ан i, ал ЛЕ 
Quantity Value Quantity Value 
148 ' 10,800 ' 140 10,700 
4,840 ' 293,000 * 4,840 300,000 
4,990 ' 304,000 * 4,980 311,000 
1,080 ' NA 1,050 NA 
9 NA 9 NA 
36 NA 52 NA 
1,190 ' NA 1,190 NA 
74° NA 77 NA 
496 ' NA 475 NA 
532 ' NA 508 NA 
186° NA 126 NA 
70 ' МА 136 МА 
178 € МА 162 МА 
3,850 € МА 3,790 МА 
303 ' МА 176 МА 
233 ' МА 196 МА 
604 ' МА 817 МА 
1,140 € МА 1,190 МА 
4,990 ' 304,000 ' 4,980 311,000 


!Data аге rounded to no more than three significant digits; may not add to totals shown. 


? Includes asphalt tiles, asphalt emulsions, cosmetics, fertilizers, ink, medical, miscellaneous fillers and extenders applications, 
paint, paper coating, paper filling, pesticides and related products, pharmaceuticals, and plastics. 


3Includes ceramics, chemical manufacturing, clarifying and decolorizing, 


refractories, and unknown uses. 


heavy-clay products, oil and grease absorbents, 


^includes absorbents, fillers and extenders, refractories, pelletizing, and unknown uses. 
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TABLE 5 
COMMON CLAY AND SHALE SOLD OR USED BY PRODUCERS 
IN THE UNITED STATES, BY STATE AND USE'?? 


(Thousand metric tons and thousand dollars) 


2011 2012 
Quantity Value Quantity Value 
State: 

Alabama 1,190 24,100 1,210 9,070 
Arkansas 532 7,580 384 1,400 
California 398 6,990 519 7,780 
Colorado 123 293 100 503 
Georgia 644 6,880 687 3,770 
Indiana 332 6,620 369 6,240 
lowa 182 862 183 863 
Kansas 291 1,880 296 1,750 
Kentucky 328 6,430 271 4,390 
Michigan 312 1,280 314 1,290 
Mississippi 264 1,570 221 1,330 
Missouri 431 3,370 409 3,190 
New York 388 16,900 425 19,000 
North Carolina 764 4,460 459 2,150 
Ohio 632 13,300 693 13,900 
Oklahoma 570 2,720 638 3,010 
Oregon 194 538 195 542 
South Carolina 227 1,250 197 1,120 
Tennessee 113 817 114 817 
Texas 1,840 13,300 1,940 13,400 
Utah 334 7,260 332 12,100 
Virginia 503 * 6,030" 605 6,780 
West Virginia 138 210 123 142 
Other" 959 6,550 ' 975 6,500 

Total 11,700 141,000 11,700 121,000 

Use: 

Floor and wall tile? 359" NA 179 NA 
Heavy-clay products: 
Brick, extruded 4,490 NA 4,360 МА 
Brick, other 869 ' МА 943 МА 
Other 115 NA 103 NA 
Lightweight aggregate: 

___ Concrete block 1,200 NA 1,240 NA 
Highway surfacing 489 NA 493 NA 
Structural concrete 586 NA 516 NA 

.. Miscellaneous 577 МА 502 NA 

Portland and other cements 2,380 NA 2,800 NA 
Refractories’ 338 NA 247 NA 
Miscellaneous? 290 ' NA 213 МА 

Total 11,700 141,000 11,700 121,000 


Revised. NA Not available. 
ТА аге rounded to no more than three significant digits; may not add to totals shown. 

Excludes Puerto Rico. 

includes only production for companies with mills or plants. 

Includes Arizona, Connecticut, Florida, Illinois, Louisiana, Maine, Maryland, Massachusetts, Montana, ponis 
pee Mexico, North Dakota, Pennsylvania, South Dakota, Washington, and Wyoming. 

Includes ceramic tile, quarry tile, and miscellaneous floor and wall tiles. 

Includes drain tile, flower pots, flue linings, sewer pipe, structural tile, and miscellaneous clay products. 
Includes firebrick, blocks and shapes, mortar and cement, grogs and calcines, and miscellaneous refractories. 
Includes exports, reported by producers; miscellaneous civil engineering and sealings; miscellaneous пун Qoo 
and binders; pottery; roofing granules; and unknown uses. 
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TABLE 6 
FIRE CLAY SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE' 


(Thousand metric tons and thousand dollars) 


НН 7 УА 
2011 2012 
Quantity Value Quantity Value 
Production 215 6,360 ' 183 4,870 
Use: 
Heavy-clay products and lightweight aggregates" 87 NA 73 NA 
Refractories: 
Firebrick, block, shapes | МА 4 МА 
Grogs and calcines W NA W NA 
Other refractories’ W NA W NA 
Miscellaneous' 126 NA 70 NA 
Total 215 6,360 ' 183 4,870 


EN EMEN ULLA азы зш ШЫ И 5% 
NA Not available. 'Revised. W Withheld to avoid disclosing company proprietary data; included in “Miscellaneous.” 
!Data are rounded to no more than three significant digits; may not add to totals shown. 

?Includes common brick, concrete block, portland cement, and structural concrete. 

Includes kiln furniture, mortar and cement, and miscellaneous refractories. 

^includes floor tile, wall tile, and unknown uses. 


TABLE 7 
FULLER'S EARTH SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY TYPE AND USE! 


(Thousand metric tons and thousand dollars) 


———————M' я ea ER CN 
2011 


а али nec ton ee 
Quantity Value Quantity Value 
Type: 
Attapulgite (2) (2) (2) (2) 
Montmorillonite 1,950 194,000 1,980 182,000 
Total 5 1,950 194,000 1,980 182,000 
Use: 
Absorbents: 
Oil and grease 167 МА 153 МА 
Pet waste NNI 1,280 NA 1,340 NA 
Animal feed 54 NA 58 NA 
Fillers, extenders, binders” | 83 МА 100 МА 
Filtering, clarifying, and decolorizing" И 125 МА 139 МА 
Miscellaneous’ А 213 МА 181 МА 
Exports, reported by producers’ 217 NA 13 МА 
Тога] 1,950 194,000 1,980 182,000 


‘Revised. NA Not available. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 
Withheld to avoid disclosing company proprietary data. Primarily gellant-grade fuller’s earth. More information can 
be found in the “Fuller’s Earth” section of this report. 


3 . . • „ 
Includes asphalt emulsions; medical, pharmaceuticals, and cosmetics; paints; pesticides and related products; and 
unknown uses. 


‘Includes mineral and vegetable oils and greases. 
eee civil engineering, drilling mud, miscellaneous absorbents, and unknown uses. 
Includes oil and grease absorbents, pet waste absorbents, drilling mud, paint, and unknown uses. 
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TABLE 8 
KAOLIN SOLD OR USED ВУ PRODUCERS IN THE UNITED STATES, 
BY STATE AND ТУРЕ' 


(Thousand metric tons and thousand dollars) 


2011 2012 

Quantity Value Quantity Value _ 

State: 
Georgia 5,4807 814,000" 5,500 836,000 
South Carolina 245 19,700 246 19,800 
Other 225' 17,300" 236 16,900 
Total 5,9507 851,000" 5,980 873,000 

Туре: 
Airfloat 792 67,600 807 60,600 
Calcined:? 1,3007 — 249,000 ' 1,370 284,000 
Delaminated 902 ' 133,000 ' 927 139,000 
Unprocessed 671 35,400 566 29,900 
Water washed 2,280 ' 366,000 ' 2,310 359,000 
Total 5,950 851,000 " 5,980 873,000 

"Revised. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes Alabama, California, Florida, Nevada, North Carolina, and Texas. 

*Includes pigment-grade kaolin (low-temperature calcined kaolin) and refractory-grade kaolin 
(high-temperature calcined kaolin). 
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TABLE 9 
GEORGIA KAOLIN SOLD OR USED ВУ PRODUCERS, BY TYPE AND USE! 


(Thousand metric tons and thousand dollars) 


2011 2012 


aa A ilc НИ НП ee ш SSS 


НЕЕ  —-—————————— EX -— 


ЕЕ с ciun i cune SS 


ane O ———————— 


on LAPSI ММ — on БАЕН 


rur Ae 
2000 ü Oyomde ______ баш Vale Qiy e — 
Type: 
Airfloat 549 45,600 567 38,300 
Calcined? 1,270 ' 241,000 ' 1,300 276,000 
Delaminated 902 ' 133,000 ' 927 139,000 
Unprocessed 525 29,000 453 25,000 
Water washed 2,230 ' 365,000 ' 2,250 358,000 
Тога! 5,480 ' 814,000 " 5,490 836,000 
Use 
Domestic: 
Ceramics and glass: 
Catalysts (oil-refining) W NA W NA 
Fiberglass, mineral wool 218 NA 214 NA 
Roofing granules 26 NA 15 МА 
Other 715 NA 757 МА 
Fillers, extenders, binders: 
Adhesives 20' NA 19 NA 
Paint 181 МА 239 МА 
Paper coating 1,620 ' NA 1,190 NA 
Paper filling 130 NA 181 МА 
Plastic 43 ' МА 51 МА 
Rubber 102 NA 80 NA 
Other" 82 NA 42 NA 
Heavy-clay products? (6) NA (6) NA 
Refractories’ (6) NA (6) NA 
Undistributed" 864 ' NA 772 NA 
Total 4,000 ' NA 3,560 NA 
Exports, reported by producers: 
Paint 48 ' NA 123 МА 
Рарег coating? 1,210 ' МА 1,280 МА 
Paper filling? 46 NA 231 NA 
Rubber 39" МА 58 МА 
Undistributed"” 185 ____МА__ 240 № 
Total 1,470 € NA 1,930 NA 
Grand total 5,480 ' 814,000 ' 5,490 836,000 


"Revised. NA Not available. W Withheld to avoid disclosing company proprietary data. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
? Includes pigment- and refractory-grade calcined kaolin. 


3 • . > * E . 
Includes catalysts (oil-refining), electrical porcelain, fine china and dinnerware, pottery, miscellaneous ceramics, and 
sanitaryware. 


4 5 а iq А 
Includes animal feed; asphalt tile; fertilizers; medical, pharmaceuticals, and cosmetics; pesticides and related 
products; and miscellaneous fillers, extenders, and binders. 


5Includes brick (common and face), portland cement, and miscellaneous products. 
бзш TNT i , 
Withheld to avoid disclosing company proprietary data; included in “Domestic: Undistributed.” 


7 : : | 
Vie firebricks, blocks and shapes, grogs and calcines, high-alumina specialties, kiln furniture, and miscellaneous 
refractories. 


8 : 
Includes absorbents, chemical manufacturing, floor and wall tiles, heavy-clay products, refractories products, 
waterproofing seals, and unknown uses. 


9 Ф e 
pom export sales, by producers, may be included with domestic sales. 
Includes miscellaneous ceramics; miscellaneous fillers, extenders, and binders; and unknown uses 
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TABLE 10 


SOUTH CAROLINA KAOLIN SOLD OR USED BY PRODUCERS, BY USE! 


(Thousand metric tons and thousand dollars) 


2011 
Quantity Value 

Production 245 19,700 
Use: 

Ceramics? 118 NA 

Rubber 41 МА 

Other“ 87 NA 

Total 245 19,700 

МА Мог available. 


'Data are rounded to no more than three significant digits, may not ада to totals shown. 
"Includes airfloat, unprocessed, and calcined kaolin. 
*Includes catalysts (oil-refining), fiberglass, roofing granules, and sanitaryware. 


2012 


Quantity 
246 


49 
27 
171 
246 


Value 
19,800 


NA 
NA 
NA 
19,800 


‘Includes adhesives, animal feed, brick (common), floor and wall tile, paper coating, plastics, and refractories. 
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TABLE 11 
KAOLIN SOLD OR USED ВУ PRODUCERS IN THE 


(Thousand metric tons) 


UNITED STATES, BY USE' 


2011 2012 


Use 


Роп 


Ceramics: 
Catalyst (oil and gas refining) 
Fine china and dinnerware 


___Поог апа май ше ______________---- 
2 


|». Potter! ________________------ 


Roofing granules 

Sanitaryware 

Miscellaneous 
Chemical manufacture 
Fiberglass, mineral wool 
Fillers, extenders, binders: 

Adhesive 

Paint 

Paper coating 

Paper filling 


Pesticide? 


Plastic 


Rubber 
Miscellaneous 


Heavy-clay products: 
Brick, common and face 


__ РИСК, ee ет МУ м 


Portland cement 


_ роман о У ии 


Refractories? 
Miscellaneous applications 


, MiSscenanevu» ви хи 


Total 
Exports, reported by producers: 


Exports, reported by producers, _____________ 
Ceramics 


Paint 
Paper coating 


Paper coating č . 1 01. o 
Paper filling 


Rubber 


СЛ О ини 


Miscellaneous 


_ hcl Lu oce su ЕН ВЕНЕ Еее 


Total 


NNNM LS  ——É—————BUÓÉÁM е 


Grand total 


162 252 

6 7 

93 82 
W W 
27 15 
27 21 
681" 605 
W W 
279 261 
377 31 
190 ' 256 
1,630" 1,190 
130 181 
W W 
45 ' 52 
143 ' 129 
86 103 
25 23 
64 13 
701 719 
105 € 58 
4,430 ' 4,000 
W W 
62" 124 
1,210 ' 1,280 
46 231 
69 ' 86 
137 ' 252 
1,520 ' 1,980 
5,950 ' 5,980 


"Revised. W Withheld to avoid disclosing company proprietary data. 
| A 
Data are rounded to no more than three significant digits; may not add to totals shown. 


2 " И 
Included in “Miscellaneous.” 


3 у 
Includes firebrick (blocks and shapes), grogs and calcines, and miscellaneous refractories. 


Google 
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TABLE 12 


COMMON CLAY AND SHALE USED IN LIGHTWEIGHT AGGREGATE 


PRODUCTION IN THE UNITED STATES BY STATE! 


(Thousand metric tons and thousand dollars) 


Concrete Structural Total 
State block concrete Other? Quantity Value* 

2011: 
Alabama 328 -- -- 328 14,500 
Arkansas 128 32 -- 160 6,240 
California 2 53 -- 55 3,470 
Indiana 22 36 88 145 6,000 
Kansas -- -- 38 38 26 
Kentucky 49 34 9 92 4,700 
Louisiana 62 19 29 110 1,030 
Missouri -- -- 126 126 1,360 
Nebraska -- -- 1 | 5 
New York 122 136 117 375 16,000 
Ohio 72 40 68 180 7,820 
Oklahoma 20 3 -- 23 703 
Texas 162 174 427 763 6,050 
Utah 9] 57 112 260 5,820 
Virginia 145 2 50 197 4,490 

Total 1,200 586 1,070 2,850 78,200 

2012: 
Alabama 426 -- -- 426 1,920 
California 2 53 -- 56 3,470 
Indiana 116 12 10 139 5,500 
Kansas = -- 46 46 31 
Кепшску 38 22 7 67 3,260 
Louisiana 64 19 3l 114 1,100 
Missouri = - 122 122 1,230 
Nebraska је -- 2 2 9 
New York 115 165 118 398 17,300 
Ohio 72 40 69 181 7,890 
Oklahoma 24 3 -- 27 851 
Texas 142 142 426 710 5,630 
Utah 92 58 113 263 5,820 
Virginia 146 2 50 199 4,490 

Тога! 1,240 516 994 2,750 58,500 

"Estimated. -- Zero. 

"Раја are rounded to no more than three significant digits; may not add to totals shown. 

"Includes highway surfacing. 
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TABLE 13 
COMMON CLAY AND SHALE USED IN BUILDING BRICK 
PRODUCTION IN THE UNITED STATES, BY STATE"? 


(Thousand metric tons and thousand dollars) 


Е авва 
2011 2012 
State Quantity Value? Quantity Value 

Alabama 537 6,200 363 3,130 
Arkansas 154 705 158 728 
California 117 710 119 717 
Colorado 90 237 94 475 
Georgia 593 6,640 636 3,440 
Kentucky? 232 2,080 ' 174 849 
Mississippi 264 1,570 221 1,330 
North Carolina 538 2,720 459 1,910 
Ohio 323 4,070 353 4,280 
Oklahoma 404 1,540 418 1,590 
Pennsylvania 279 1,530 256 1,430 
South Carolina 217 1,210 186 605 
Tennessee 113 817 114 817 
Texas 310 2,100 ' 411 2,250 
Virginia 279 г 1,440 ' 406 2,280 
Other" 904 ' 4,130 ' 931 4,620 

Total 5,350 37,700 € 5,300 30,500 


Total NE | ee 


*Estimated. "Revised. 

"Includes extruded and other brick. 

?Data are rounded to по more than three significant digits; may not add to totals shown. 
?Extruded brick only. 

^Includes all other States except Alaska, Nevada, New Hampshire, Rhode Island, Vermont, 
and Wisconsin. 


TABLE 14 
U.S. EXPORTS OF CLAYS, BY TYPE! 


(Thousand metric tons and thousand dollars) 


ПРИ ИН == ЕН A — EQ 


2011 2012 
С TypeofClay Quantity Value _ Quantity Value — — — Principal destinations in 201—_______--- 
Ball clay _____- 49 2,890 74 4,580 Belgium, 18%; Nicaragua, 15%; Japan, 13%; Costa Rica, 11%. 
Bentonite 1,020 167,000 1,040 165,000 Canada, 26%; Japan 12%; United Kingdom, 10%, Mexico, 6%. 
Fireclay _____ 371 61,600 289 47,200 Luxembourg, 44%; Mexico, 20%; Japan, 11%; Taiwan, 5%. 
Fuller’s earth ____ 102 45,900 105 36,200 Јарап, 10%; Brazil, 9%; Italy, 8%; China 6%; Netherlands, 6%. 
Kaolin _____ 2,490 555,000 2,450 549,000 Japan, 18%; China, 10%; Finland, 10%; Mexico, 8%; Taiwan, 5%. 
Clays” ______ 209" 156,000" 213 162,000 Canada, 18%; Japan, 9%: India, 5%; Germany, 4%; Mexico, 4%. 


‘Revised. 


Гаја are rounded to no more than three significant digits; may not add to totals shown. 
?Not elsewhere classified. 


Source: U.S. Census Bureau. 
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TABLE 15 


U.S. IMPORTS FOR CONSUMPTION OF CLAY, BY TYPE! 


(Thousand metric tons and thousand dollars) 


_______ ———————————————-—-.—-_—-_— 


2011 


Type of Clay Quantity 

China clay or kaolin 549 
Fire clay 2 
Ball clay (2) 
Bentonite 9 
Fullers's earth 2 
Chamotte or Dina's Earth (2) 
Artificially activated clay and earth 31 

Total 593 


Value 

56,200 
893 

148 
7,080 
142 

121 
32,900 
97,400 


2012 
Quantity Value Principal sources in 2012 
472 56,800 Brazil 85%; United Kingdom, 9%; Canada, 3%; China, 3%. 

8 1,380 China, 82%; Hong Kong, 7%; South Africa, 4%. 

(2) 137 United Kingdom, 67%; China, 24%; Canada, 5%; Brazil, 4%. 

12 15,300 Egypt, 32%; China, 27%; United Kingdom 18%; Mexico 16%. 
| 160 China, 55%; Japan, 34%; Canada, 1196. 

(2) 109 Czech Republic, 90%; United Kingdom, 10%. 


31 34,000 Mexico, 34%; Germany, 1896; United Kingdom, 18%; China 14%. 
524 108,000 


MEL NC Ee A _____ ———————————€— i A REDE EE 


ага are rounded to no more than three significant digits; may not add to totals shown. 


?Less than % unit. 


Source: U.S. Census Bureau; data adjusted by U.S. Geological Survey. 
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Algeria 


MB M и 


Argentina 


dE ини 


Armenia 


ee ee 


Australia 


Ua crn ee eee 


Azerbaijan 


о  _  „————— 


Bolivia 


A es 


Bosnia and Herzegovina 


Е eS E 


Brazil, beneficiated 


AM ————MM———— 


Bulgaria 


Бава = јелена e cs C D CC c 


Croatia 


Cyprus 
Czech Republic, includes montmorillonite clays 
Denmark 


А uo DAL LA шш „шш occ ——— 


Egypt 


EET a 


Georgia" 


касс — ОЕ Mp UU MUN ML. A c 


Germany 


a 


Greece 


eh rt тиши завеси исте 


Guatemala 


AA 6 < 


Нипрагу 


-==-'2 "2 _|________ = ен -- 


Indonesia 
Iran‘ 

Italy 

Japan 
Kenya’ 
Macedonia 
Malawi 
Mexico 
Morocco 


Mozambique 


New Zealand, processed" 
Pakistan 


Peru 
Philippines 
Poland? 
Romania 
Slovakia 
South Africa‘ 
Spain 
Turkey 
Turkmenistan, includes bentonite powder 
Ukraine" 
United States 
Uzbekistan" 
Zimbabwe 
Total 
*Estimated. PPreliminary. ‘Revised. -- Zero. 


TABLE 16 
BENTONITE: WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons) 
2008 2009 
30,595 31,612 ' 
256,182 148,099 
40,000 ' 38,000 ' 
T Г 
40,683 10,581 
] 323 
30,504 16,042 
340,141 264,243 
178,000 108,000 
1,000 1,000 
3,300,000 " 3,400,000 
19,759 = 
155,125 ' 152,722 ' 
235,000 177,000 
22,458 24,040 
32,000 29,000 * 
5,000 5,000 
414,336 326,461 
1,389,800 " 926,186 ' 
62,749 14,284 
7,464 ' 5,298 
6,000 6,000 
357,898 387,437 
281,119 146,318 
435,000 432,000 
70 65 ' 
22,890 15,350 
7,023 8,050 
374,933 511,429 
50,125 € 84,097 ' 
17,661 92,098 ' 
753 880 
31,500 33,300 * 
31,557 119,452 
1,422 1,413 
3,000 3,000 
16,643 13,756 
145,000 109,000 
44,067 40,340 
154,534 ' 140,000 * 
1,553,588 932,487 
50,250 ' 50,250 ' 
200,000 195,000 
4,910,000 3,650,000 
20,000 ' 20,000 ' 
100 5 -- 
15,300,000 © 12,700,000 " 


2010 
34,126 ' 
229,301 ' 

1,397 


r 


18,073 

440 

314 

531,693 
100,000 * 

1,000 


3,400,000 
162,169 " 
183,000 

23,832 
33,132 ' 
5,000 
362,623 
1,381,643 ' 
22,423 
17,200 ^* 
6,500 
350,208 ' 
111,000 
430,000 
70 
12,798 
2,100 ' 
590,998 
110,700 * 
11,417 " 
1,216 
42,100 ' 
44,266 ' 
1,475 
2,000 " 
20,000 ' 
130,521 ' 
54,311 
157,001 ' 
798,397 ' 
50,250 ' 
185,000 

4,600,000 

20,000 ' 


14,200,000 © 14,100,000 ' 


2011 


29,000 ' 
228,357 ' 
835 ' 


т 


55,000 * 


591 


566,267 ' 
54,000 ' 


1,000 
1,255 
3,500,000 
160,625 ' 
160,000 
38,300 
18,000 " 
4,800 ' 
375,332 "€ 
1,188,442 " 
44,463 ' 
17,308 * 
6,500 
377,398 ' 
102,000 ' 
425,000 < 
75 ' 
14,466 
2,850 ' 
563,795 
97,071 " 
423 ' 


T 


44,500 ' 
27,534 
2,087 " 
3,000 * 
18,008 ' 
119,323 " 
120,417 * 
110,271" 
379,918 ' 
50,250 ' 
211,000 ' 
4,990,000 ' 
25,000 ' 


2012 
30,000 * 
228,400 
4,987 
60,000 * 
745 
512,975 Р 
78,000 
1,000 
893 
3,500,000 
160,180 
221,000 * 
36,000 
20,000 
4,900 
366,000 
1,235,105 
131,843 
17,000 * 
7.000 
400,000 * 
144,000 
420,000 * 
75 
6,900 
2,900 * 
956,224 
100,000 * 
24,000 
41,000 
22,977 
2,000 * 
3,000 * 
17,942 
129,930 
120,566 
110,750 
400,000 * 
53,225 
210,000 
4,980,000 
25,000 


14,800,000 


1 ‹ 
World total, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


“Includes data available through July 15, 2014. 


3 а ue | 
In addition to the countries listed, Canada produced bentonite, but output is not reported, and available information is inadequate 


to make reliable estimates of output levels. 
^Year beginning March 21 of that stated. 
*Montmorillonite-type bleaching clay. 
May include other clays. 
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Algeria 


FULLER'S EARTH: WORLD PRODUCTION, BY COUNTRY"? 


Country? 


Australia, attapulgite 


Кају“ 
Mexico 


Morocco, smectite 


Pakistan 


Senegal, 


attapulgite - 


South Africa, attapulgite 


Spain: 


Attapulgite 
Sepiolite 
United States^? 


Total 


“Estimated. ‘Revised. NA Not available. — Zero. 


TABLE 17 


(Metric tons) 


2008 
NA 
3,000 
66,123 
140,875 * 
10,500 
167,000 
69,876 


27,348 ' 

737,659 ' 
2,340,000 

3,560,000 * 


2009 
NA 
3,000 
108,139 
132,110 ' 
11,055 * 
181,000 
54,418 


21,110 

573,937 ' 
2,010,000 

3,090,000 ' 


3,000 
170,350 
82,570 * 
6,370 ' 
204,000 
85,336 


27,841 ' 

557,862" 
2,050,000 
3,180,000 ' 


3,000 
107,436 
103,682 ' 

4,761 ' 
181,000 ' 

14,448 " 


26,021 * 

566,970 * 
1,950,000 

2,950,000 ' 


3,000 
227,496 
100,000 * 

9,000 * 
180,000 

15,580 


26,000 * 
567,000 * 


1,980,000 
3,110,000 


‘Excludes centrally planned economy countries and former such countries, some of which presumably produce fuller’s earth but 
for which no information is available. Includes data available through July 15, 2014. 
?World total, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
*In addition to the market economy countries listed, Algeria, France, India, Iran, Japan, and Turkey have reportedly produced 
fuller's earth in the past and may continue to do so, but output is not reported, and available information is inadequate to make 


reliable estimates of output levels. 


‘Sold or 


used by producers. 


‘Excludes attapulgite. 
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TABLE 18 
KAOLIN: WORLD PRODUCTION, ВУ COUNTRY? 


18.22 


YARE eS 


292 7 > _____________----- —— 


А eS 


I eS шшш ыш шшш E 


рн пио а шлш ыз шы 


ОКК ЕК быр т миш шш ыы эшш шшш шшш =з 


(Metric tons) 

шг ыш ee eT О 
Algeria 50,788 87,766 71,065 71,000 ' 70,000 “ 
Argentina 73,838 ' 78,792 78,722 54,166 ' 54,200 * 
Australia, includes ball clay -' --' ed gut РА 
Austria, marketable 49,527 83,980 58,956 56,976 ' 43,174 
Bangladesh?" —— 111. 8,500 8,500 8,500 8,500 8,500 
Belgium" 300,000 300,000 300,000 300,000 300,000 
Bosnia and Herzegovina, crude 259,325 148,384 41,808 232,147 149,495 
Brazil, beneficiated 2,456,000 1,987,000 2,000,000 ' 1,927,000 ' 2,189,000 ? 
Bulgaria 1,530,000 ? 939,000 > 900,000 900,000 900,000 
Canada NAF NA' NA' NA‘ NA 
Chile 63,526 48,354 62,226 59,912 60,429 
China* 3,200,000 3,000,000 3,260,000 3,200,000 3,300,000 
Czech Republic 3,833,000 2,886,000 3,493,000 3,606,000 3,318,000 
Denmark NA' NA‘ МА ' МА ' МА 
Ecuador 42,614 ' 28,775 ' 41,089 ' 76,660 ' 50,000 * 
Egypt 523,327 523,000 * 304,200 ' 304,000 "“ 304,000 * 
Eritrea* 183 ' 200 ' 175 "€ 200 200 
Ethiopia? 1,275 3,534 3,600 "° 4,000 3,300 * 
France, marketable 624,000 ' 519,000 ' 315,000 ' 315,000 7“ 315,000 * 
Germany 3,622,159 4,513,753 4,560,086 ' 4,898,516 ' 4,600,000 * 
Greece 4,360 — -- -- -- 
Guatemala 2,803 1,879 2,143 4,057 ' 1,866 
Hungary, beneficiated 584,339 " 266,408 ' 238,921 ' 248,263 ' 250,000 * 
India: 

Processed 210,000 210,000 220,000 220,000 230,000 

Salable crude 570,000 580,000 580,000 600,000 600,000 
Indonesia" 150,000 186,010 ? 170,000 175,000 180,000 
Iran 320,000 907,487 1,480,291 ' 2,000,000 ' 1,500,000 
Israel 151 -- => 25 == 
Italy, kaolinitic earth" 5,000 ' 5,000 ' 6,000 ' 8,000 * 8,000 
Јарап“ 11,000 12,000 12,000 13,000 13,000 
Јогдап 181,018 177,470 115,000 * 89,903 ' 76,000 * 
Kenya 940 ' 900 ' 980 ' 1,100 * 1,100 
Korea, Republic of 954,584 659,351 764,008 798,690 515,000 
Kyrgyzstan NA' NA' NA' NA' NA 
Madagascar -- 90 259 260 * 260 * 
Malawi 1,100 Ба zt t " 
Malaysia 506,462 487,632 ' 530,331 442,560 € 393,068 
Mexico 85,092 ' 78,086 120,094 120,003 163,148 
New Zealand 12,761 9,016 10,700 ' 21,545 ' 11,578 
Nigeria 108,000 ' 154,000 ' 139,000 ' 155,000 ' 140,000 
Pakistan 24,500 15,318 27,265 16,481 ' 25,000 * 
Paraguay M: =i NE ЕС: s 
Peru 13,215 ' 9,655 ' 16,678 18,169 33,863 
Poland, washed " 155,000 ' 136,000 ' 125,000 ' 125,000 == 125,000 * 
Portugal 231,346 274,925 273,890 ' 322,091 р 317,489 Р 
Romania 3,166 1,000 * 500 : -- ' -- 
Russia, concentrate 107,500 ' 90,300 ' 105,000 ' 120,000 ' 120,000 * 
Saudi Arabia" ND 15,000 4,166 > 6,200 ' 5,000 ' 58,000 
Slovakia" 44,000 ? 44,000 ' 44,000 ' 4,000 ' 3,000 
South Africa 39,197 31,048 29,929 15,220 ' 20.499 
Spain, marketable’ 355,739 ' 300,000 ' 310,993 ' 302,580 ' 303,000 >“ 
Sri Lanka 10,039 9,538 8,207 8,000 * 8,500 * 
га Bw 
See footnotes at end of table. i | = n pee 
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Country? 


Thailand, beneficiated* 


Turkey 
Uganda 
Ukraine 


United Kingdom, sales? 
United States” 


Venezuela 


Vietnam* 
Zambia? 
Total 


TABLE 18—Continued 
KAOLIN: WORLD PRODUCTION, BY COUNTRY"? 


2008 
162,215 ^ 
792,044 

3,738 € 

1,457,000 
1,355,000 ' 
6,740,000 
5,500,000 


T 


650,000 
200 


38,100,000 ' 


(Metric tons) 


2009 
160,000 
727,649 

4,721 ' 
764,000 


1,060,000 ^* 


5,290,000 
5,500,000 


T 


650,000 
200 


34,000,000 ' 


"Estimated. "Preliminary. "Revised. МА Not available. — Zero. 
"World total, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to 


totals shown. 


"Includes data available through July 15, 2014. 


?In addition to the countries listed, Canada, Denmark, and Kyrgyzstan produced kaolin, but information is inadequate 
to make reliable estimates of output levels. 


*Data for year ending June 30 of that stated. 


?Reported figure. 


sData for year ending July 7 of that stated. 
"Includes crude and washed kaolin and refractory clays not further described. 


*Dry weight. 


?Sold or used by producers. 
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С) 
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2010 
160,000 
711,493 

21,231 * 
1,085,000 
900,000 

5,420,000 ' 
5,500,000 


r 


650,000 
200 


35,300,000 ' 


2011 2000 _ 

160,000 160,000 

1,002,409 * — 1,200,000 * 
20,883 ' 30,806 

1,317,000" 1,300,000 < 
1,000,000" 1,150,000 
5,950,000" 5,980,000 
7,000,000" 7,000,000 
650,000 650,000 
200 200 
39,000,000 " — 38,200,000 
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COBALT 
By Kim B. Shedd 


Domestic survey data and tables were prepared by Annie Hwang, statistical assistant, and the world production tables were 


prepared by Glenn J. Wallace, international data coordinator. 


In 2012, world production of refined cobalt decreased for 
the first time since 2007, mainly the result of decreased 
production in China. The United States did not refine cobalt 
in 2012. А negligible amount of byproduct cobalt was produced 
domestically in an intermediate product from the mining 
and refining of platinum-group metals (PGM) ore. No cobalt 
has been sold from the National Defense Stockpile (NDS) 
since 2009. 

According to the Cobalt Development Institute (20132), 
world apparent consumption of cobalt decreased by about 6% 
to approximately 72,000 metric tons (t) from that of 2011. 
Based on the Institute's statistics, apparent consumption in all 
geographic areas was lower than that in 2011. Cobalt prices 
trended downward in 2012. Salient U.S. and world cobalt 
statistics for 2008—12 are listed in table 1. 

Cobalt is a metal used in numerous diverse commercial, 
industrial, and military applications. On a global basis, the 
leading use of cobalt is in rechargeable battery electrodes. 
Superalloys, which are used to make parts for gas turbine 
engines, are another major use for cobalt. Other metallurgical 
uses for cobalt include cemented carbides (also called 
hardmetals) and diamond tools, controlled-expansion and 
corrosion- and wear-resistant alloys, high-speed and maraging 
steels, and magnets. With regard to other chemical uses, cobalt 
Is used to make animal feed additives; catalysts for chemical, 
petroleum, and other industries; drying agents for inks, paints, 
and varnishes; dyes and pigments; glass decolorizers; ground 
coats for porcelain enamels; humidity indicators; magnetic 


recording media; rubber adhesion promoters for steel-belted 
radial tires; and vitamin B12. 


Legislation and Government Programs 


Defense Logistics Agency Strategic Materials (DLA Strategic 
Materials), U.S. Department of Defense, did not sell or ship 
cobalt during 2012. Sales of cobalt were curtailed in early 2008 
in order to hold an inventory goal quantity equivalent to 1 year's 
Annual Materials Plan (AMP) amount. The AMP amount for 
fiscal year 2012 (October 1, 2011, through September 30, 

2012) was 301 t (663,709 pounds), which was equal to the total 
uncommitted cobalt inventory held by DLA Strategic Materials 
Since March 31, 2010. The 2011 Biennial Report on Stockpile 
Requirements listed cobalt metal as a material that was not 
required in the NDS (U.S. Department of Defense, 2009, p. 1-2; 
2013, p. 4, 7-8), | 
n 2012, as part of its proposed AMP for fiscal year 2014, 

e NDS Market Impact Committee included the potential 
eee 750 kilograms (kg) of lithium cobalt oxide and 

40 kg of lithium nickel cobalt aluminum oxide. These materials 


аге used to make rechargeable batteries (U.S. Department of 
Commerce, 2012), 
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Production 


With the exception of negligible amounts of byproduct cobalt 
produced from Stillwater Mining Co.’s PGM operations in 
southeastern Montana, the United States did not mine or refine 
cobalt in 2012. Stillwater produced cobalt-bearing nickel sulfate 
from its mining and refining operations, which it sold to other 
companies (Stillwater Mining Co., undated). 

Formation Metals Inc. completed stage П construction (mine 
site preparation) on its Idaho Cobalt Project, which would entail 
an underground cobalt-copper-gold mine and mill complex 
in the Idaho Cobalt Belt in Lemhi County and a retrofitted 
Big Creek hydrometallurgical complex near Kellogg, ID, to 
refine the concentrates. Formation planned to begin stage III 
construction (underground mine development, mill construction, 
and retrofitting the hydrometallurgical plant) after additional 
project finance was secured, and expected that initial production 
would begin 9 to 14 months after commencing underground 
development (table 7) (Formation Metals Inc., 2013, p. 9—10). 

Kennecott Minerals Co., а fully owned subsidiary of Rio 
Tinto (Melbourne, Australia, and London, United Kingdom), 
reportedly completed 8096 of the construction on its small 
nickel-copper mine in the Eagle deposit northwest of Marquette, 
MI. The full project, including the rehabilitated mill in 
Humboldt Township, was approximately one-half completed. 
Production startup was delayed until the second half of 2014, 
reportedly owing to unfavorable economic conditions (table 7) 
(Pepin, 2013). 

The Minnesota Department of Natural Resources, U.S. Army 
Corps of Engineers, and U.S. Forest Service continued to 
work on preparing a supplemental draft environmental impact 
statement for PolyMet Mining Corp.'s NorthMet project. The 
project entailed open pit mining of the NorthMet polymetallic 
deposit in the Duluth Complex of northeastern Minnesota 
refurbishing the crushing and grinding equipment in the ; 
company's nearby Erie plant, and adding a new beneficiation 
circuit and hydrometallurgical plant (table 7). PolyMet and 
Swiss trading firm Glencore International AG had a strategic 
partnership whereby Glencore was investing in Polymet and 
would purchase or market NorthMet's products (PolyMet 
Mining Corp., 2013, p. 15, 29). 

U.S. processors made cobalt chemicals and cobalt metal 
powder from refined cobalt materials and (or) cobalt- 
scrap. U.S. Geological Survey (USGS) data on chem 
metal powder production, shipments, and stocks Wer 
from a monthly voluntary survey of U.S. cobalt proc 
Information from this survey was used to prepare th 
on cobalt consumption and stocks in table 2. The so 
of cobalt metal powder, Global Tungsten & Powder 
Towanda, PA, produced the cobalt powder as а byp 
tungsten recovery from cemented carbide scrap. U 


bearing 
ical and 

e derived 
essors. 

е statistics 
le producer 
S Corp. of 
roduct of 

S. production 
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and shipments of cobalt metal powder were withheld to avoid 
disclosing company proprietary data. 


Consumption 


U.S. reported consumption of cobalt in 2012 was 7% less 
than that of 2011. Metallurgical industries used 10% less cobalt 
than they did in 2011, and cobalt consumption for chemical 
uses decreased slightly. Reported consumption was derived by 
the USGS from voluntary surveys of U.S. operations. Most of 
the data on cobalt chemical uses were obtained from the cobalt 
processors survey. А second survey covered a broad range 
of metal-consuming companies, such as cemented carbide, 
magnetic alloy, and superalloy producers. For this survey, 
more than 60 cobalt consumers were canvassed on a monthly 
or annual basis. Reported consumption and stocks data in 
tables 1 and 2 include estimates to account for nonrespondents. 

U.S. apparent consumption for 2012, as calculated from net 
imports, consumption from purchased scrap, and changes in 
Government and industry stocks, was 3% higher than that in 
2011 (table 1). The increase was caused by an increase in net 
imports in 2012 compared with those in 2011 and a drawdown 
in industry stocks. The discrepancy between the trend in 
reported consumption (a decrease from that of 2011) and the 
trend in apparent consumption (an increase from that of 2011) 
may have been the result of changes in unreported stock levels. 


Prices 


The annual average U.S. spot price for cathode (minimum 
of 99.896 cobalt), as reported by Platts Metals Week, was 22% 
lower than that of 2011 (table 1). Although the price fluctuated 
during the year, the overall trend was downward. The highest 
price range was $16.00 to $16.90 per pound in late February 
through mid-March, and the lowest price range was $10.80 to 
$11.80 per pound in December. 

Trends in Platts’ prices for Zambian cobalt (minimum 99.6% 
cobalt) and Russian cobalt (minimum 99.3% cobalt) were 
similar to those for U.S. spot cathode. The annual average of 
weekly prices for Zambian cobalt was $13.30 per pound, and 
the annual average of weekly prices for Russian cobalt was 
$13.49 per pound. 

In 2012, cobalt from Ganzhou Yi Hao Umicore Industries Co. 
Ltd. (Ganzhou, China) was approved for delivery on the London 
Metal Exchange (LME) cobalt futures contract, bringing the 
total number of cobalt producers accepted by the LME to 14. 
The annual average means of cash buyer and cash seller and 
settlement prices and yearend LME inventory levels are listed in 
table 1 (London Metal Exchange Ltd., The, undated). 

China's FANYA Metal Exchange began trading cobalt. 
FANYA listed electrolytic cobalt with a minimum delivery of 
250 kilograms (Yang, 2012). 


Foreign Trade 


Net import reliance as a percentage of apparent consumption 
is used to measure the adequacy of current domestic production 
to meet U.S. demand. Net import reliance was defined as 
imports minus exports plus adjustments for Government 
and industry stock changes. Releases from stocks, including 


19.2 


Google 


shipments from the NDS, were counted as part of import 
reliance, regardless of whether they were originally imported or 
produced in the United States. In 2012, net import reliance as 

a percentage of apparent consumption was 77%. Because there 
was no measurable U.S. primary cobalt production in 2012, this 
indicates that 77% of U.S. cobalt supply was from imports and 
stock releases of primary cobalt and 23% was from domestic or 
imported scrap. 

In 2012, the United States imported 4% more cobalt than 
it did in 2011 (tables 3, 4). On the basis of cobalt content, ten 
countries supplied 87% of U.S. imports. China was the leading 
supplier, followed by Finland, Norway, Zambia, Russia, Canada, 
Australia, Japan, Brazil, and Belgium. 

The United States imported 856 t, gross weight, of unwrought 
cobalt alloys valued at $27.6 million. Most of these materials 
were from Canada (76%) and the United Kingdom (15%). The 
United States imported 820 t, gross weight, of cobalt waste and 
scrap valued at $12.8 million. Seven countries supplied nearly 
90% of this material—Ireland (26%), the United Kingdom 
(25%), Germany (10%), France (9%), Japan (870), Canada 
(7%), and Belgium (4%). The United States also imported 
279 t, gross weight, of wrought cobalt and cobalt articles valued 
at $28.4 million. The leading suppliers of these materials were 
the United Kingdom (29%), Canada and China (17% each), 
Germany (14%), and France (12%). 

U.S. exports of unwrought cobalt and cobalt contained in 
chemicals increased 11% by volume compared with those of 
2011. As listed in table 5, on the basis of cobalt content, the 
leading destinations for these exports were France, Ireland, the 
United Kingdom, Canada, Japan, China, and Germany. The 
United States also exported 1,820 t, gross weight, of wrought 
metal and cobalt articles valued at $106 million. 


World Review 


World cobalt mine and refinery production decreased in 2012 
compared with production in 2011, mainly owing to a decrease 
in estimated refinery production in China and a coincident 
reduction in China’s imports of cobalt ores and concentrates 
from Congo (Kinshasa). Cobalt was produced as a byproduct 
of copper, nickel, and other metals, and as a primary product. 
Primary cobalt production included the mine and refinery 
production of Morocco, the artisanal mining of the mineral 
heterogenite in Congo (Kinshasa), and the recovery of cobalt 
from previously stockpiled intermediate materials [for example, 
slags in Congo (Kinshasa)], which were processed primarily to 
recover cobalt. 

Refinery capacity by country is listed in table 6. The table 
does not include plants that processed refined cobalt, plants 
that used secondary materials (scrap) as their main source of 
feed, or plants that produced a cobalt product that required 
further refining. 

The following review by country focuses on operations 
that produced cobalt in 2012. Expansions to those operations, 
operation restarts, and greenfield projects that were forecast to 
begin producing between 2013 and 2017 are listed in table 7. 

Australia.—In 2012, Western Australian cobalt mine 
production increased by more than 50% to 5,882 t from that 
in 2011 (table 8). Some of the increase can be attributed to 
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increases in production from First Quantum Minerals Ltd. and 
Minara Resources Ltd.; in addition, Queensland Nickel Pty Ltd. 
began production from the Brolga Mine. 

Minara Resources (100% owned by Glencore) produced 
2.490 t of cobalt as metal powder and briquettes from the 
Murrin Murrin nickel-cobalt laterite mining and pressure-acid 
leaching operation near Leonora, Western Australia. This was 
an increase of 1996 from the 2,091 t produced in 2011. In 2012, 
96% of the feed was from Minara's own operations and 4% 
was ore from third party sources (Glencore International plc, 
2013, p. 51). 

First Quantum ramped up production from its Ravensthorpe 
nickel-cobalt laterite mine and hydrometallurgical processing 
plant. In 2012, the plant produced mixed nickel-cobalt 
hydroxide containing 32,884 t of nickel and, based on the mixed 
hydroxide containing 40% nickel and 1.4% cobalt, an estimated 
1,100 t of cobalt (5,666 t nickel and an estimated 200 t cobalt in 
2011) (First Quantum Minerals Ltd., 2013, p. 28, 31). 

The Palmer Nickel and Cobalt Refinery (owned by Australian 
businessman Clive Palmer, operated by Queensland Nickel, 
and formerly named Yabulu) in Townsville, Queensland, 
produced 2,369 t of refined cobalt as cobalt oxide hydroxide; 
10% less than the 2,631 t produced in 2011. The refinery 
processed lateritic ore imported from Indonesia, New Caledonia, 
and the Philippines, and an intermediate cobalt compound 
from Vale S.A.'s New Caledonia operation. Late in the year, 
Queensland Nickel announced that it had received approval 
to mine nickel laterite ore from Brolga in central Queensland 
and planned to make the first delivery of ore from Brolga to 
the refinery by yearend (Queensland Nickel Pty Ltd., 2012; 
Cobalt Development Institute, 2013a; Darton Commodities Ltd., 
2013, p. 16). 

BHP Billiton's Nickel West operations in Western Australia 
comprised nickel sulfide mines; concentrators, which processed 
ores mined by BHP Billiton and other companies; the Kalgoorlie 
smelter, where nickel matte was produced; and the Kwinana 
nickel refinery, which produced cobalt in intermediate nickel- 
cobalt mixed sulfide. Darton Commodities Ltd. estimated 
that BHP Billiton shipped 665 t of cobalt contained in mixed 
Sulfide from Kwinana to Jinchuan Group Ltd. for refining in 
2012 (475 t in 201 1) (Darton Commodities Ltd., 2013, p. 18). 

ОЈ SC MMC Norilsk Nickel increased production from the 
Maggie Hays nickel sulfide mine and Lake Johnston mill in 
Western Australia. Nickel concentrates from the mill were 
processed by third party companies (OJSC MMC Norilsk 
Nickel, 2013). 

Panoramic Resources Ltd. produced concentrates containing 
401 t of cobalt (453 t in 2011) from its Savannah underground 
nickel-copper sulfide mine Operation in Western Australia. The 
concentrates were shipped to Jinchuan’s operations in China 
under a long-term offtake agreement (Panoramic Resources 
Ltd., 2012, p. 5; 2013, p. 6). 

Xstrata Nickel Australasia produced 322 t of cobalt in nickel 
E coe from the Cosmos and Sinclair operations in 
Mite бы. d compared with 396 t in 2011. The Cosmos | 
и * А care-and-maintenance status in late 2012 in 
Rs prolonged period of low nickel prices and a strong 

ustralian dollar (Xstrata plc, 2013, p. 8-9). 
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Belgium.—According to the Cobalt Development Institute 
(2013a), Umicore’s 2012 cobalt refinery production increased 
by 32% to 4,200 t of contained cobalt from 3,187 t produced in 
2011. Umicore converted various cobalt materials into a wide 
range of chemicals and metal powders. The company’s cobalt 
refining took place at plants in Olen, Belgium, and Ganzhou, 
China. Umicore also had cobalt processing plants, which 
made specialty products from refined cobalt or scrap, in Arab, 
AL, the United States; Bruges, Belgium; Fort Saskatchewan, 
Alberta, Canada; Jiangmen and Shanghai, China; and Cheonan, 
Republic of Korea. In 2012, Umicore processed record volumes 
of material at its recycling and refining facilities and announced 
several investments—it planned to increase production capacity 
of fine cobalt powders in Olen and to expand production of 
battery materials in the Republic of Korea and China (n.v. 
Umicore, s.a., 2013, p. 48-49). 

Botswana.—Tati Nickel Mining Co. Pty. Ltd. (a Norilsk 
subsidiary) mined the Phoenix open pit and produced nickel- 
copper sulfide concentrates, which were toll-smelted by BCL 
Ltd. in Botswana. BCL also smelted concentrate from its 
Selebi-Phikwe operation in Botswana. Matte produced by BCL 
was refined by RioZim Ltd. in Zimbabwe and Xstrata Nickel 
in Norway. 

Brazil.—Votorantim Metais SA planned to increase the cobalt 
production capacity at its Sao Miguel Paulista, Sao Paulo State, 
refinery to 3,000 metric tons per year (t/yr). Feed for the refinery 
was lateritic nickel-cobalt ore mined from Niquelandia, Goias 
State, and nickel sulfide concentrate from Mirabela Nickel Ltd. 
Votorantim also produced nickel matte, primarily from sulfide 
ores mined and smelted at Fortaleza de Minas, Minas Gerais 
State (Votorantim Metais SA, 2011). 

Mirabela Nickel continued to ramp up production from its 
Santa Rita open pit nickel sulfide mine and concentrator in 
Bahia State, and produced 335 t of cobalt in concentrate 
(273 t in 2011). All concentrate produced at Santa Rita was 
committed through offtake agreements to Votorantim (50%) and 
Norilsk (50%) (Mirabela Nickel Ltd., 2013). 

Canada.—Vale produced 2,343 t of cobalt in 2012, 12% 
than the 2,675 t produced in 2011. Vale reported producing 
1,284 t of refined cobalt metal at its Port Colborne, Ontario 
refinery; 606 t of cobalt in an intermediate product at its | 
Thompson, Manitoba, refinery; and 452 t of cobalt contained 
in other intermediate products, including nickel concentrates 
from its New Caledonian operation and from external sources 
Vale's cobalt came from company-owned nickel sulfide | 
mines at Sudbury, Ontario, at Thompson, Manitoba, and at 
Voisey's Bay in northeastern Labrador; from a company-owned 
nickel laterite mine in New Caledonia; and from purchased 
feedstocks. Vale reported that 589 t (593 t in 2011) of cobalt 
came from Ontario, 96 t (158 t in 2011) came from Manitoba 
1,221 t (1,585 t in 2011) came from Voisey’s Bay, 385 t (245 н 
in 2011) came Кот New Caledonia, and 52 t (93 t in 201 [) 
came from external sources. Concentrates from Voisey's Ba 
were being smelted and refined at Sudbury and Thompson у 
until the Long-Harbour refinery becomes operational (table 7) 
Vale planned to phase out smelting and refining at Thompson | 


at the end of 2015 (Winnipeg Free Press, 2012: Val 
2013, р. 37-38, 48). с 


less 


Xstrata Nickel produced 563 t of cobalt in concentrates 
from mines at Sudbury (473 t in 2011) and 602 t of cobalt in 
concentrate from its Raglan Mine in Quebec (562 t in 2011). 
The company produced nickel-copper matte containing 2,193 t 
of cobalt at its Sudbury smelter (2,209 t in 2011); this was 
refined at Xstrata's Nikkelverk refinery in Norway. Some of the 
cobalt in the matte originated from ores produced at company 
mines in Australia and Canada and some originated from custom 
feed materials, which were primarily nickel concentrates and 
nickel-copper-cobalt scrap (Xstrata plc, 2013, p. 8-9). 

The Fort Saskatchewan refinery, a joint venture of Sherritt 
International Corp. and General Nickel Co. S.A., produced 
3,792 t of cobalt as metal powder and briquettes in 2012, 
slightly less than the 3,854 t produced in 2011. Approximately 
98% of the cobalt was from nickel-cobalt mixed sulfides from 
the joint venture's operations at Moa Bay, Cuba; the remainder 
was from purchased materials. As a result of a United States 
embargo on imports of products originating from Cuba, cobalt 
and nickel produced by Sherritt cannot be sold to customers 
in the United States (Sherritt International Corp., 2013a, 

p. 7, 13, 95-97). 

China.—China was the world's leading producer and 
consumer of refined cobalt. In 2012, China's refinery production 
decreased compared with that of 2011 and its consumption 
increased by 8.596 to 31,700 t. Two-thirds of the consumption 
was used to make cathode materials for rechargeable batteries 
(Wu, 2013, p. 16). 

Only a small portion of China's cobalt originated from 
domestic mines and recycled scrap. Most was from imported 
ores, concentrates, and semirefined materials, the majority of 
which was sourced from Congo (Kinshasa). CRU International 
Ltd. (2013, p. 7) estimated that China imported 29,000 t of 
cobalt contained in ores, concentrates, and semirefined materials 
in 2012, 1594 less than the 34,100 t imported in 2011. China 
imported significantly less cobalt in ores and concentrates 
(9,540 t in 2012 compared with 18,800 t in 2011) and more 
cobalt in semirefined materials (19,400 t in 2012 compared with 
15,300 t in 2011). The decreases in total imports and refinery 
production in 2012 were attributed to a surplus of raw materials 
and refined cobalt, which accumulated during 2009-11. Analysts 
estimated that these stocks decreased by 6,000 to 9,000 t of 
cobalt during 2012 from an estimated 25,000 t of cobalt held at 
yearend 2011 (Darton Commodities Ltd., 2013, p. 19-20). 

Numerous companies refined and (or) processed cobalt in 
China. Jinchuan and Zhejiang Galico Cobalt & Nickel Material 
Co., Ltd. were the leading refiners, based on 2012 estimated 
cobalt production. Jinchuan produced cobalt as cathode and 
other products at its refinery in Jinchang, Gansu Province. Some 
of Jinchuan's cobalt production was from domestic nickel- 
copper-cobalt sulfide ores mined at Jinchang and some was from 
other cobalt or nickel feeds. These other feeds included cobalt 
intermediates (chemical compounds) from Congo (Kinshasa) 
and Zambia; nickel-cobalt hydroxide from Papua New | 
Guinea; nickel and nickel-copper concentrates from Australia, 
Finland, and Spain; and nickel matte and mixed sulfides from 
BHP Billiton (CRU International Ltd., 2013, p. 4, 6; Darton 
Commodities Ltd., 2013, p. 10, 16, 18). 
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Congo (Kinshasa).—Congo (Kinshasa) was the world’s 
leading producer of mined cobalt. Some of the country’s 
cobalt mine production was from copper-cobalt ores mined 
by traditional methods, and some was gathered by tens of 
thousands of artisanal miners by hand-picking cobalt-rich 
ores. Some of Congo (Kinshasa)’s ores and concentrates were 
exported, some were processed to semirefined materials such 
as cobalt carbonate, cobalt hydroxide, or cobalt-bearing alloys, 
and some were refined to cobalt metal. China was the leading 
destination for Congo (Kinshasa)’s cobalt exports. As discussed 
in the “China” section of this report, exports of cobalt materials 
to China decreased in 2012 compared with those of 2011. 

La Générale des Carriéres et des Mines (Gécamines) produced 
870 t of refined cobalt, compared with 650 t produced in 2011. 
In 2012, Gécamines purchased the 60% share in Compagnie 
Minière du Sud Katanga (CMSK) held by L'Enterprise Générale 
Malta Forrest S.P.R.L. This gave Gécamines full ownership 
of CMSK and was part of Gécamines' plan to convert itself 
into a leading independent mining company. CMSK produced 
copper-cobalt concentrate from the Luiswishi Mine and Kipushi 
concentrator (L'Enterprise Générale Malta Forrest S.P.R.L. 
and La Générale des Carriéres et des Mines, 2012; Cobalt 
Development Institute, 20132). 

Kamoto Copper Company SARL (KCC) (Katanga Mining 
Ltd., Gécamines, and La Société Immobiliére du Congo) 
produced 2,129 t of cobalt cathode in 2012, compared with 
2.433 t in 2011. The decrease was attributed to recurrent general 
power disruptions, various mechanical issues, and mining 
ore with a lower cobalt grade. The company's Luilu refinery 
processed concentrates produced at its Kamoto concentrator 
from ore extracted from its Kamoto underground mine and 
KOV open pit. At yearend, KCC was commissioning the phase 
4 expansion of its operations (table 7). Glencore had offtake 
agreements for all of KCC's copper and cobalt output; the 
company also sold copper concentrates to Mopani Copper 
Mines and Sable Zinc Kabwe Ltd. in Zambia (Katanga Mining 
Ltd., 2013, р. 6-10, 28-29). 

Boss Mining Sprl [7096 Eurasian Natural Resources Corp. 
PLC (ENRC) and 30% Gécamines] mined copper-cobalt ore 
from the Mukondo Mountain and Chimbedia open pits. During 
the year, Boss Mining extracted 22% more cobalt ore than it 
did in 2011, but production of saleable cobalt decreased, owing 
to lower recovery rates caused by changes in mineralogy and 
decreased availability of oxide ore. 

In March, ENRC acquired certain assets from First Quantum, 
including the Kolwezi Processing Facility. At yearend, ENRC 
completed an acquisition of Camrose Resources Ltd. and | 
gained a 70% interest in Treatment of Kingamyambo Tailings 
Co. (Metalkol), owner of the mineral license for the tailings 
to be processed by the Kolwezi Processing Facility. The 
Kolwezi project was renamed Roan Tailings Reclamation 
project (table 7) (Eurasian Natural Resources Corp. PLC, 2013, 
p. 37, 120, 122). " 

The Big Hill smelter at Lubumbashi [operated as a joint 
venture between Gécamines, OM Group, Inc. (ОМО), and S.A. 
Groupe George Forrest] processed stockpiled slag to dus 
alliage blanc, an alloy of cobalt and copper, which was refined а 
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OMG's Kokkola refinery. In 2012, the smelter’s production was 
reduced by electrical problems in Congo (Kinshasa). At yearend, 
OMG was negotiating for the sale of its cobalt assets, including 
Big Hill (OM Group, Inc., 2013a, p. 19; 2013b). 

Freeport-McMoRan Copper & Gold Inc. (FCX) produced 
11,669 t of cobalt in hydroxide from its Tenke Fungurume 
mining and processing operation, compared with 11,182 t in 
2011. The cobalt hydroxide reportedly was sent to refining 
operations in Belgium, China, Finland, and Zambia. At yearend, 
the phase 2 expansion of the project was substantially complete, 
and FCX forecast that it would sell 13,600 t of cobalt in 2013 
(table 7) (Lundin Mining Corp., 2013, p. 5, 23-24; Darton 
Commodities Ltd., 2013, p. 9). 

Mutanda Mining SPRL (Glencore International AG, High 
Grade Minerals S.A., and Rowny Assets Ltd.) completed 
the phase 2 and phase 3 expansions of its copper-cobalt 
hydrometallurgical plant, bringing the production capacity to 
23,000 t/yr of cobalt in hydroxide. In 2012, Mutanda mined 
copper-cobalt oxide ore from open pits near Kolwezi and 
produced 8,500 t of cobalt in concentrate and hydroxide, 8% 
more than the 7,870 t produced in 2011 (Glencore International 
plc, 2013, p. 51–52). 

Chemaf SPRL mined copper-cobalt oxide ores from the Etoile 
open pit mine, and processed run-of-mine ore, concentrates, 
and ore purchased from third parties at its solvent extraction- 
electrowinning (SX-EW) plant at Usoke in Lubumbashi. 

Chemaf planned to build a second refinery (table 7), which 
would increase its production capacity to 6,000 t/yr of cobalt 
in hydroxide or carbonate. The company also operated a pilot 
cobalt electrowinning plant, which had the capacity to produce 
50 t/yr of cobalt (Shalina Resources Ltd., undated a, b). 

Metorex Ltd.'s Ruashi operation north of Lubumbashi 
comprised copper-cobalt oxide open pits, a mill, and an SX-EW 
refinery, where cobalt carbonate or hydroxide were produced. 
Gécamines had a 25% interest in the Ruashi operation. In early 
2012, Jinchuan completed a takeover of Metorex (Metorex Ltd., 
2012, p. 3, 22-23). 

Société Miniére du Katanga sprl (Somika) mined and 
beneficiated copper-cobalt ore, and refined the concentrate at its 
hydrometallurgical copper refinery in Lubumbashi. The refinery 
had the capacity to produce 2,160 t/yr of cobalt hydroxide 
(Société Miniére du Katanga sprl, undated). 

African Metals Corp. completed construction of its dense 
media separation plant and began processing stockpiled ore 
trom its Luisha South project. The project was expected to 
produce copper concentrates containing approximately 200 t/yr 
of cobalt (African Metals Corp., 2012). 
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also mined and processed nickel-cobalt laterites in Holguin 
Province. Nickel and cobalt originating in Cuba cannot be 
imported into the United States because of a United States 
embargo on imports from Cuba (Sherritt International Corp., 
2013a, p. 95—97). 

Finland.—OMG produced refined cobalt, as metal powders, 
briquettes, oxides, and compounds. The company's Kokkola 
Chemicals Oy refinery processed raw materials sourced 
primarily from Congo (Kinshasa), Finland, and Russia. Most 
of the feed was alliage blanc from the Big Hill smelter in 
Congo (Kinshasa), crude cobalt hydroxide from Norilsk's 
Monchegorsk nickel refinery in Russia, and cobalt sulfate 
solution from Norilsk's Harjavalta nickel refinery in Finland. 
In 2012, the 5-year cobalt supply agreement between Norilsk 
and OMG expired and was reportedly replaced by an annual 
agreement that would expire in June 2013. At yearend, OMG 
was negotiating the sale of its cobalt assets, including the 
Kokkola refinery (OM Group, Inc., 2013a, p. 5; 2013b; Darton 
Commodities Ltd., 2013, p. 12). 

Norilsk's Harjavalta refinery processed nickel concentrates 
from the company's Nkomati operation in South Africa, from 
Mirabela Nickel in Brazil, and from Vale's Voisey's Bay 
operation; nickel-cobalt sulfide from Talvivaara Mining Co. 
Plc’s operation in Finland; and nickel matte from Votorantim's 
Fortaleza smelter in Brazil and BHP Billiton's Kalgoorlie 
smelter in Australia (OJSC MMC Norilsk Nickel, 20132, 

p. 66; 20135). 

Talvivaara Mining Co. Plc's production from its polymetallic 
sulfide mine and bioheap-leaching operation in Sotkamo in 
central Finland was less than that of 2011. The decrease was 
attributed to two temporary suspensions of operations at the 
metal recovery plant and rapid snow melt and historically heavy 
rainfall that diluted the metal grades of the bioleach solution. 
In 2012, Talvivaara sold nickel-cobalt sulfide containing 
approximately 355 t of cobalt to Norilsk for processing at 
Harjavalta (Talvivaara Mining Co. Plc, 2013, р. 71-72, 94). 

Belvedere Resources Ltd. produced an estimated 90 t of 
cobalt in nickel-copper concentrates from the Hitura Mine. The 
concentrates were sold to Jinchuan (Belvedere Resources Ltd. 
2013, p. 2, 12). | 

Altona Mining Ltd. began production at its Outokumpu 
copper project, which comprised the Kylylahti underground 
polymetallic base metal sulfide mine and refurbished 
Luikonlahti beneficiation plant. At full production, Altona 
expected to produce approximately 80,000 t/yr of cobalt-nickel 
concentrate, containing an average of 940 t/yr of cobalt, which 
was to be stockpiled until a marketable product was developed 
(Altona Mining Ltd., undated). 

First Quantum Minerals Ltd. completed construction of 
its Kevitsa open pit nickel-copper-PGM sulfide mine and 
beneficiation plant and began commercial production. The 
plant produced separate nickel and copper concentrates; the 
nickel concentrate contained an estimated 185 t of cobalt (First 
Quantum Minerals Ltd., 2013, p. 8, 36). 

France.—The Eramet Group's production of 
from its refinery at Sandouville was 8% 
in 2011. Feed for the refinery was nickel 


cobalt chloride 
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Eramet subsidiary Société Le Nickel's Doniambo smelter in 
New Caledonia (Cobalt Development Institute, 20132). 

India.—According to an estimate by the Cobalt Development 
Institute (2013), India's cobalt production decreased by 38% 
from that of 2011. Nicomet Industries Ltd. and Rubamin Ltd. 
were India's leading cobalt producers, but Rubamin reportedly 
ceased production in mid-2012 when restrictions on its plant's 
water discharge led to reduced production and profitability 
(Ryan's Notes, 2012). 

Indonesia.—PT Vale Indonesia Tbk produced cobalt-bearing 
nickel matte from lateritic ores at its integrated mining and 
smelting operation near Sorowako on Sulawesi Island. Vale 
Indonesia sold its matte production to Vale (80%) and Sumitomo 
Metal Mining Co., Ltd. (2096) under long-term contracts. 

PT Antam Tbk exported lateritic nickel-cobalt ore to 
the Palmer Nickel and Cobalt Refinery in Queensland for 
processing (CRU International Ltd., 2013, p. 4). 

Japan.—Sumitomo’s production of electrolytic cobalt at its 
Niihama nickel refinery increased by 27% from that of 2011. 
The refinery processed nickel-cobalt mixed sulfide feed from the 
Coral Bay Nickel Corp. plant in the Philippines and nickel matte 
from PT Inco in Indonesia and BHP Billiton's Nickel West 
operations. Sumitomo was increasing Niihama's production 
capacity to accommodate the nickel-cobalt mixed sulfide 
feed that would be generated from its Taganito project in the 
Philippines (table 7) (Cobalt Development Institute, 2013a). 

Madagascar.—Sherritt completed construction and 
commissioning of the Ambatovy project, which comprised 
mining nickel-cobalt laterite ore in eastern central Madagascar 
and transporting slurried ore by pipeline to a processing plant 
and refinery located near the Port of Toamasina. By yearend, 
Ambatovy had produced 8,972 t of nickel and cobalt in mixed 
sulfide, 5,695 t of nickel metal, and 493 t of cobalt metal. 
Sherritt’s partners in the project were Sumitomo Corp., Korea 
Resources Corp., and SNC-Lavalin Group Inc. (Sherritt 
International Corp., 2013b, p. 34). 

Morocco.—Cie. de Tifnout Tighanimine (CTT) [a subsidiary 
of Groupe Managem (Casablanca)] mined cobalt arsenide ores 
and produced cobalt hydroxide at Bou-azzer. The hydroxide 
was refined to cobalt cathode and oxide at CTT's Guemassa 
hydrometallurgical refinery north of Marrakech. The decrease 
in CTT's refined cobalt production in 2012 was attributed 
to disruption by social movements at Bou-azzer (Groupe 
Managem, 2013, p. 24, 27). | 

New Caledonia.—Vale continued to ramp up production 
at its Vale New Caledonia project in the southern tip of New 
Caledonia's main island. The project comprised a nickel-cobalt 
laterite mine, a high-pressure acid-leaching processing plant, 
and a refinery. In 2012, Vale produced 385 t of cobalt from 
New Caledonia (245 t in 2011). Following ramp-up, Vale New 
Caledonia was expected to have a nominal production capacity 
of 60,000 t/yr of nickel contained in nickel oxide and 4,600 t/yr 
of cobalt contained in an intermediate cobalt carbonate (Vale 

‚ 39, 48). | 
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matte from Société Le Nickel's Doniambo smelter was sent to 
Eramet's refinery in Sandouville, France, where nickel products 


and cobalt chloride were produced. 


19.6 


Google 


Norway.—Xstrata Nickel's production of cobalt cathode at its 
Nikkelverk refinery was 3% less than that of 2011. The cobalt 
originated from matte produced at Xstrata's Sudbury smelter in 
Canada and custom feed, which included matte from Botswana 
processed under a long-term agreement with BCL. Glencore 
was the sole distributor of Xstrata's cobalt (CRU International 
Ltd., 2013, p. 4). 

Papua New Guinea.—In early 2012, the Ramu Nickel joint 
venture (operated by majority owner Metallurgical Corporation 
of China Ltd.) began commissioning its nickel-cobalt laterite 
mine, beneficiation plant, and high-pressure acid-leach 
processing plant. By yearend, the operation had generated 
approximately 469 t of cobalt in intermediate nickel-cobalt 
hydroxide. Ramp up to full production was expected during 
2013. Ramu was designed to produce 3,300 t/yr of cobalt 
(Highlands Pacific Ltd., 2013, p. 16-19). 

Philippines.—Coral Bay Nickel (а joint venture between 
Sumitomo, Mitsui & Co., Ltd., Sojitz Corp., and Rio Tuba 
Nickel Mining Corp., listed in order of share) produced nickel- 
cobalt mixed sulfide from its high-pressure acid-leaching 
operation at the Rio Tuba nickel laterite mine on Palawan 
Island. The mixed sulfide was refined by Sumitomo in Japan. 

Russia.—Norilsk conducted nickel-copper sulfide mining, 
ore beneficiation, concentrate smelting, and metal refining on 
the Taimyr and Kola Peninsulas. Cobalt from ores mined on 
the Taimyr Peninsula was refined to metal ingot and oxide at 
the company's nickel plant at Norilsk. According to the Cobalt 
Development Institute (20132), the company produced 2,186 t 
of refined cobalt, 696 less than the 2,337 t produced in 2011. At 
Norilsk's nickel refinery at Monchegorsk on the Kola Peninsula, 
cobalt-bearing nickel materials from Kola and elsewhere were 
refined. The intermediate cobalt hydroxide product was sent to 
OMG’s operations in Finland under a 5-year supply agreement 
that began in 2007. Under this agreement, Norilsk was to 
supply OMG with up to 2,500 t/yr cobalt metal, up to 2,500 t/yr 
of cobalt contained in cobalt hydroxide, and up to 1,500 t/yr 
of cobalt contained in cobalt sulfate solution. The agreement 
expired in 2012, but reportedly was replaced by an annual 
supply agreement that would expire in June 2013. In 2012, 
Norilsk began construction of a cobalt refinery at Monchegorsk, 
where the hydroxide would be refined to cobalt cathode (table 7) 
(Darton Commodities Ltd., 2013, p. 12; OJSC MMC Norilsk 
Nickel, 2013a, p. 28, 36, 65). 

South Africa.—The Nkomati nickel sulfide mine (a joint 
venture of African Rainbow Minerals Ltd. and Norilsk) 
produced 998 t of cobalt in nickel concentrate in 2012, 
nearly twice the 513 t produced in 2011. The concentrate was 
processed at Norilsk's Harjavalta refinery in Finland (African 
Rainbow Minerals Ltd., 2013, p. 64; undated). 

Cobalt was also produced as a byproduct from some of South 
Africa's PGM operations. Two companies produced refined 
cobalt. Rustenburg Base Metals Refiners (Proprietary) Ltd. (a 
subsidiary of Anglo American plc) produced cobalt sulfate at 
its base-metal refinery near Rustenburg, Northwest Province. 
Impala Platinum Ltd. produced cobalt metal powder at its base- 
metals refinery near Springs, Gauteng Province. Some of the 
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operated base-metal refineries and produced semirefined nickel 


sulfate containing cobalt. 


Spain.—Lundin Mining Corp. restarted mining nickel 
sulfide ore from its Aguablanca open pit in Badajoz Province 
in August 2011 and restarted concentrate production in 
August 2012 (Lundin Mining Corp., 2013, p. 20). 
Sweden.—Minpro AB (Strassa) introduced a new type of 
ferrotungsten to the market. The product, named quick mix 
ferrotungsten, was produced by leaching grinding sludge and 
spent cemented carbide tools. Cobalt from the cemented carbide 
was recovered as cobalt hydroxide cake and sold to cobalt 
producers worldwide (Advantage Environment, 2013). 
Uganda.—Kasese Cobalt Co. Ltd. produced cobalt cathode 
from stockpiled pyrite concentrates using a bacterial leaching- 
SX-EW process at its cobalt refinery in southwestern Uganda. 
In 2012, production was lower than planned because of reduced 
water availability during the April-June quarter. At current 
production rates, the stockpile was expected to be exhausted in 


2013 (MFC Industrial Ltd., 2012). 


United Kingdom.—The British Geological Survey updated its 
evaluation of the risk of supply disruption for chemical elements 
or element groups of economic value. On a scale where 1 was 
very low risk and 10 was very high risk, cobalt had a supply risk 
index of 7.6, based on a number of factors including geographic 
concentration of current production and political stability of the 
leading sources of production (British Geological Survey, 2012). 

Zambia.—Estimated Zambian cobalt mine production 
decreased in 2012 compared with that of 2011, mainly owing 
to decreases in estimated cobalt production from Konkola 
Copper Mines Plc (KCM) and Barrick Gold Corp.'s Lumwana 
copper mine. Refined production of cobalt increased, however, 
owing to increased imports of cobalt feed materials from 


Congo (Kinshasa). 


Mopani Copper Mines produced 230 t of cobalt metal 
at its Nkana cobalt refinery, compared with 890 t in 2011. 
Approximately 3096 of the cobalt produced originated from 
company sources, mainly the Nkana underground copper-cobalt 
mine, and 70% originated from third party sources. The refinery 
Was placed on care-and-maintenance status in July, owing to a 
lack of suitable feed from Mopani's operations and declining 
cobalt prices on the international market (Banda, 2013; 


Glencore International plc, 2013, p. 51). 


Chambishi Metals plc (90% ENRC and 10% ZCCM 
Investments Holdings Plc) produced 5,435 t of cobalt metal at 
Its Chambishi refinery, 12% more than the 4,856 t produced in 
2011. The refinery processed copper-cobalt concentrate from 
ENRC's operations in Congo (Kinshasa) and cobalt-containing 
materials from other companies, including cobalt hydroxide 
from Tenke Fungurume (Eurasian Natural Resources Corp. 
PLC, 2013, p. 37; Cobalt Development Institute, 2013a; Darton 


Commodities Ltd., 2013, p. 9). 


KCM mined copper ores from its Nchanga and Konkola 
operations, Cobalt in concentrate, mainly from the Nchanga 
Open pit, was processed to a copper-iron-cobalt alloy at the 
company's Nchanga copper smelter in Chingola. Most of 
this alloy reportedly was exported to China for refining. 

Darton Commodities Ltd. (2014, p. 17) estimated that KCM's 
,600 t of contained cobalt in 2012, 
om 2,400 t in 2011. During the year, KCM commissioned a 
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second cobalt recovery furnace at the smelter, with a production 
capacity of 1,350 to 1,400 t/yr of cobalt (Vedanta Resources plc, 
2012a, p. 49; 2012b, p. 5). 

China Nonferrous Metal Mining Group Co. Ltd. (CNMC) 
mined and processed copper-cobalt ore in the Zambian 
Copperbelt through four majority-owned subsidiaries—NFC 
Africa Mining Plc. (NFCA), CNMC Luanshya Copper 
Mines Plc. (CLM), Chambishi Copper Smelter Ltd. (CCS), 
and Sino-Metal Leach Zambia Ltd. CCS smelted copper 
concentrates from NFCA, CLM, and other miners. CNMC 
planned to recover cobalt from the CCS's smelter slag (table 7) 
and worked toward producing a cobalt concentrate from CLM's 
Baluba beneficiation plant (China Nonferrous Metal Mining 
Group Co. Ltd., 2012, p. 2-3, 150, 172). 

Glencore's Sable Zinc Kabwe Ltd. copper electrowinning 
plant processed feed from third party sources and produced 
710 t of cobalt in carbonate in 2012 (160 t in 2011) (Glencore 
International plc, 2013, p. 51). 

Albidon Ltd.'s Munali nickel mine in southern Zambia 
remained on care-and-maintenance status. Majority shareholder 
Jinchuan provided funding while Albidon evaluated the mine's 
future viability (Albidon Ltd., 2012). 

Zimbabwe.— The Mimosa platinum mine (Aquarius Platinum 
Ltd. and Impala Platinum Holdings Ltd.) produced 88 t of cobalt 
(86 t in 2011). The concentrates were refined by Impala in South 
Africa (Aquarius Platinum Ltd., 2012, p. 12; 2013, p. 12). The 
Bindura Nickel Corp. (BNC) Shangani and Trojan nickel sulfide 
mines, smelter, and refinery remained on care-and-maintenance 
status while the company sought funding to restart Operations. 
Following a successful share issue, BNC recapitalized and 
restructured, which provided the necessary funds to begin 


restarting operations at the Trojan Mine (Mwana Africa РЫС, 
2012, p. 3). 


Outlook 


Trends in cobalt consumption closely follow those of global 
industrial production. Increasing consumption, particularly for 
chemical applications such as rechargeable batteries, is forecast 
to result in increases in cobalt consumption of about 6% per year 
Нот 2013 through 2017. During the first half of 2013, the world 
production of refined cobalt was estimated to be 11% higher 
than that of the first half of 2012. China showed a large increase 
in production and the Ambatovy operation in Madagascar 

which began producing during the second half of 2012 tám ed 
up its output. In the next few years, global increases Е 
from existing producers and new projects are forecast to outpace 


increases in consumption (Cobalt Development Insti | 
Kotseras, 2013, p. 14—16). Р sütute, 2013b; 
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TABLE 1 
SALIENT COBALT STATISTICS! 


(Metric tons, cobalt content, unless otherwise specified) 


2008 2009 2010 2011 2012 
United States: 

Reported 8,820 7,470 8,030 9,100 8,420 
..Apprn 10,100 7,80 10300 à 2230 _ 2520 _ 
Industry? 582 525 630 784 721 
_ London Metal Exchange (LME), U.S. warehouse ХХ XX 23 R J 
. US.Govmmet — à 11 43 à 29 _ 31 _ 31 зо 

. мома иии 
LME, cash? do. XX XX XX 16.01 13.06 
World: 
Production: 
Mine 79,900 ' 79,900" 107,000' 110,000" 103,000* 
Refinery 57,600' 61,800' 79,5001 82,400" 77,900 _ 
Stocks, December 31, МЕ“ XX XX 278 304 429 


“Estimated. "Revised. do. Ditto. XX Not applicable. 

!Data are rounded to no more than three significant digits, except prices. 

?Stocks held by cobalt processors and consumers. 

?Defense Logistics Agency Strategic Materials. Data are uncommitted material only. 

^ Annual average U.S. spot price for minimum 99.8% cobalt cathode reported by Platts Metals Week or Platts 
Metals Daily. 

? Annual average mean of the cash buyer price and cash seller and settlement price, minimum 99.3% cobalt 
briquettes, cathode, ingot, or rounds, converted from dollars per metric ton. 

Stocks held in Asia, Europe, and the United States. 
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TABLE 2 


U.S. REPORTED CONSUMPTION AND STOCKS OF COBALT"? 


(Metric tons, cobalt content) 


2011 2012 
Consumption by end use: 
Steels 548 548 
Superalloys 4,650 4,040 
Alloys, excludes steels and superalloys: 
___ Magnetic alloys 313 285 
Other alloys” 438 414 
Cemented carbides“ 773 774 
.. Chemical and ceramic uses 2,310 2,300 
Miscellaneous and unspecified da. 63 63 
Total 9,100 8,420 
Consumption by form: GR 
Chemical compounds, organic and inorganic? 2,220 2,210 
Metal 4,670 4,050 
Purchased scrap uc 2,210 2,160 
Total - 9,100 8,420 
Stocks, December 31:5 
Chemical compounds, organic and inorganic? 202 179 
. Metal W W 
Purchased scrap W W 
Total 784 721 


W Withheld to avoid disclosing company proprietary data; included in “Total.” 


I . . - ol; 
Data are rounded to no more than three significant digits; may not add to totals shown. 


?Includes estimates. 


3 à { : 
Includes nonferrous alloys, welding materials, and wear-resistant alloys. 


4 А А , š 
Includes diamond tool matrices, cemented and sintered carbides, and cast carbide dies 


or parts. 
"Includes oxides. 
fStocks held by cobalt processors and consumers. 
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TABLE 3 
U.S. IMPORTS FOR CONSUMPTION OF COBALT, BY FORM! 


2011 2012 
Gross weight Cobalt content? Value Gross weight Cobalt content Value 

Form (metric tons) (metric tons) (thousands) (metric tons) (metric tons) (thousands) 

Metal? 8,020 8,020 $296,000 8,750 8,750 $264,000 

Oxides and hydroxides 2,590 1,870 61,200 2,320 1,670 51,200 
Other: 

Acetates 305 73 2,570 219 53 1,530 

Carbonates 649 298 12,400 809 372 13,600 

Chlorides 102 26 965 89 22 498 

Sulfates 1,140 307 9,360 689 186 5,360 

Тога! 12,800 10,600 383,000 12,900 11,100 336,000 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 
"Estimated from gross weights. 
*Unwrought cobalt, excluding alloys and waste and scrap. 


Source: U.S. Census Bureau. 
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TABLE 6 


WORLD ANNUAL COBALT REFINERY 
CAPACITY, DECEMBER 31, 2012? 


(Metric tons, cobalt content) 


Country 


Capacity 


o County. S 


Australia 


„Мизпага _________________---- 


Belgium 

Brazil 

Canada" 

China" 

Congo (Kinshasa) 


eV = риба дарк iu cita AM ий 


Finland" 
France 
India‘ 


Japan 


Madagascar 


ANAGU COO OF з э эш E 


Morocco 


NEEM ee eur i e 


Norway 


мому _________________——--- 


Russia* 
South Africa" 
Uganda 


р Rue eec 


Zambia 


‚ран o 


Total 


6,700 
1,500 
3,000 
6,420 
50,000 
12,400 
13,000 
500 
2,060 
2,600 
5,600 
2,000 
5,200 
6,000 
1,400 
720 
8,800 


128,000 


_ 9 


*Estimated. 
ага are rounded to no more than three 


significant digits; may not add to total shown. 


?tcludes standby capacity. Refinery products include 
cobalt metal, metal powders, oxides, and (or) salts. 


U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK—2012 


eS eS ESS А — 


Projected 
year of first 
production Country 
2013 Australia 
2013 Do. 
2013" Canada 
2013 Do. 
2013 Do. 
2013 Congo 
(Kinshasa) 
2013 Do. 
2013' Do. 
2013 Japan 
2013 Philippines 
2013"° — South Africa 
2013 — Vietnam 


Joint Stock Company 


See footnotes at end of table. 
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TABLE 7 


COBALT: SELECTED PROJECTS SCHEDULED FOR COMPLETION, BY YEAR, 2013-17"? 


Project and company 
Barnes Hill 
Nickel Developments Ltd. 
(Metals Finance Ltd. 
subsidiary) and Proto 
Resources & Investments 
Ltd. 
Rocklands Group Copper 
CuDeco Ltd. 


Nunavik Nickel 

Canadian Royalties Inc. (Jien 
Canada Mining Ltd.) 

Raglan Mine 

Xstrata Nickel 

Voisey's Bay Long-Harbour 
commercial nickel 
processing plant 

Vale S.A. 

Pumpi (Project Cobalto- 
Cuprifere) 

La Miniere de Kalukundi 
[Groupe Managem and 
Congo Stars Mining SARL 
(Costamin)] 

Tenke Fungurume, phase 2 

Freeport-McMoRan Copper 
& Gold Inc., Lundin Mining 
Corp., and La Générale 
des Carriéres et des 
Mines (Gécamines) 

WOL-SX-EW refinery, 
updated phase 4 expansion 

Katanga Mining Ltd., La 
Générale des Carriéres et 
des Mines (Gécamines), and 
La Société Immobilière du 
Congo 

Niihama expansion 

Sumitomo Metal Mining Co., 
Ltd. 


Principal 


Project type" 
new mine and ATML 
processing plant 


new mine and copper 
beneficiation plant 
do. nickel 
expansion of existing do. 
mine 
new refinery do. 
new mine copper 
expansion of existing do. 
operation 
expansion of new do. 
beneficiation plant 
and SX-EW refinery 
expansion of existing nickel 


refinery 


metal 
nickel 


Ore/feed type 
nickel-cobalt laterite 
ore 


copper-cobalt-gold 
oxide and sulfide 
ore 

nickel-copper-cobalt 
platinum-group 
metals sulfide ore 
do. 


nickel-copper-cobalt 
sulfide concentrate 


copper-cobalt ore 


copper-cobalt oxide 
ore 


copper-cobalt oxide 
and sulfide ore 


nickel-cobalt sulfide 
and nickel matte 


Taganito 

Sumitomo Metal Mining Co., 
Ltd., Nickel Asia Corp., 
and Mitsui & Co., Ltd. 

Jubilee Smelting and 
Refining (Middelburg) 
smelter 

Jubilee Platinum plc 

Ban Phuc 

Asian Mineral Resources 
Ltd. and Son La 
Mechanical Engineering 


Google 


new HPAL processing do. 


plant 


adapt existing smelter platinum- platinum-group metals 


to include ConRoast group 
process 
nickel 
new mine and nickel 


beneficiation plant 


metals- 


nickel-cobalt laterite 
ore 


concentrates and 
sludge 


nickel-copper-cobalt 
sulfide ore 


Annual 
production 
capacity 
(metric 
tons, cobalt 
content) Cobalt product 
250 55 Co sulfate. 
NA Cobaltic-pyrite 
concentrate. 
4255 Nickel concentrate. 
NA Do. 
2,500 Cobalt cathode. 
NA Copper-cobalt 
concentrate. 
15,0005 Cobalt hydroxide. 
22,000 Do. 
4,5009 Cobalt cathode. 
2,600 Nickel-cobalt sulfide. 
NA Nickel-copper-cobalt- 
iron-platinum-group 
metals alloy. 
200 Nickel-copper-cobalt- 


concentrate. 


19.17 


A psu 
== ee ca rsen 


. —— p 


TABLE 7— Continued 
COBALT: SELECTED PROJECTS SCHEDULED FOR COMPLETION, BY YEAR, 2013-17"? 


Annual 


production 
capacity 
Projected (metric 
year of first Principal tons, cobalt 
ЕР. _ В emn E M 
2013-14 Congo Kakanda North new mine and copper copper-cobalt oxide NA Copper-cobalt 
(Kinshasa) Boss Mining Зри [Eurasian beneficiation plant and sulfide ore concentrate. 
Natural Resources Corp. 
PLC and La Générale des 
Carriéres et des Mines 
(Gécamines)] 
2014 Belgium Olen expansion of existing МА NA NA Cobalt metal powder. 
n.v. Umicore, s.a. refinery 
2014 Congo Etoile Leach SX-EW plant new refinery copper copper-cobalt oxide 4,500 Cobalt hydroxide. 
(Kinshasa) _ Chemaf SPRL and sulfide ore 
2014"’ | Mexico El Boleo new mine and refinery do. copper-cobalt-zinc- 2,400 Cobalt cathode. 
Minera y Metalürgica del manganese oxide 
Boleo, S.A.P.I. de C.V. and sulfide ores 
(Korean Consortium" and 
Baja Mining Corp.) 
2014 Philippines Асоје, stage la new mine and nickel nickel-cobalt laterite 530 > Cobalt carbonate. 
ENK PLC (formerly atmospheric tank ore 
European Nickel PLC) leaching operation 
and DMCI Mining Corp. 
2014' Ро. Mindoro Nickel, stage 1 new mine, beneficiation do. do. 1,200 Cobalt sulfate. 
Intex Resources ASA plant, ATML and 
HPAL processing 
plant, and refinery 
2014^* United States Idaho Cobalt new mine and refinery cobalt stratiform cobalt- 1,525 ? Cobalt cathode. 
________(даћо) _Formation Metals Inc. —  — —  — (1 . сорртобо= А 
2014: United States Eagle new mine, crusher, nickel- nickel-copper sulfide 400 * Copper-nickel 
(Michigan) Kennecott Eagle Minerals Co. and rehabilitated copper ore concentrate. 
2014 Zambia Chambishi Copper Smelter add new bioleaching copper Copper-cobalt 500—700 Cobalt cathode. 
Chambishi Copper Smelter plant to existing converter slag 
Co., Ltd. (China smelter 
Nonferrous Mining Corp. 


Ltd. And Yunnan Copper 
Industry Group Co. Ltd.) 
and Hunan Shijiyintianxinye 


Technology Co., Ltd. 


2014 Do. Nkana Cobalt Plant expansion of existing cobalt cobalt concentrates 7,000 6 Do. 
Mopani Copper Mines Plc refinery and intermediates 
2015 Australia Mt. Thirsty new mine and nickel manganese-nickel- 2,700 Nickel-cobalt sulfide. 
Barra Resources Ltd. and atmospheric cobalt oxide ore 
Fission Energy Ltd. leaching plant 
2015" Canada NICO | new mine, relocated gold gold-cobalt-bismuth- 1,575 ^? Cobalt cathode or 
Fortune Minerals Ltd. and refurbished copper ore sulfate. 
beneficiation plant, 
and refinery 
2015' Congo Roan Tailings Reclamation пем refinery copper copper-cobalt tailings 10,000 Cobalt hydroxide. 


(Kinshasa) (formerly Kolwezi Tailings) 
Eurasian Natural Resources 
Corp. Plc, La Générale des 
Carriéres et des Mines 
(Gécamines), and 
Government of Congo 


ш O55 27  — 
See footnotes at end of table. 
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TABLE 7—Continued 
COBALT: SELECTED PROJECTS SCHEDULED FOR COMPLETION, BY YEAR, BY 2013-17”? 


Annual 
production 
capacity 
Projected (metric 
year of first Principal tons, cobalt 
production Country Project and company? Project type’ metal Ore/feed type content) Cobalt product 
2015' Russia Monchegorsk new refinery nickel cobalt hydroxide 3,000 Cobalt cathode. 
OJSC MMC Norilsk Nickel 
2015^* Tanzania Kabanga new mine and do. nickel sulfide ore NA Nickel concentrate. 
Barrick Gold Corp. and beneficiation plant 
Xstrata Nickel 
2015" | United States NorthMet, phase 1 do. copper copper-nickel- 360 Do. 
(Minnesota) PolyMet Mining Corp. platinum-group 
metals sulfide ore 
2015 Zambia Synclinorium expansion of existing do. copper-cobalt ore NA Copper-cobalt ore. 
Mopani Copper Mines Plc mine 
2016? Australia Wingellina Nickel new mine and HPAL nickel nickel-cobalt laterite 3,000 > Nickel-cobalt hydroxide. 
Metals X Ltd. processing plant ore 
2016^* Cameroon Nkamouna new mine and cobalt do. 6,100 ? Cobalt-nickel sulfide. 
Geovic Mining Corp. and processing plant 
Société National 
d'Investissement du 
Cameroun 
2016^* Canada Minago new mine and nickel nickel-copper-cobalt 2305 Nickel concentrate. 
Victory Nickel Inc. beneficiation plant platinum-group 
metals-precious 
metals sulfide ore 
2016 Congo Boss Mining expansion expansion of existing copper  copper-cobalt oxide NA Copper-cobalt 
(Kinshasa) Boss Mining Sprl [Eurasian operation ore concentrate. 
Natural Resources Corp. 
PLC and La Générale des 
Carriéres et des Mines 
(Gécamines)] 5 
2016 Philippines Асоје, stage 1b do. nickel nickel-cobalt laterite 645 •> 19 Cobalt carbonate. 
ENK PLC (formerly ore 
European Nickel PLC) 
and DMCI Mining Corp. 
2016 Tanzania Dutwa new mine and do. nickel laterite ore NA Nickel-cobalt hydroxide 
African Eagle Resources Plc. atmospheric agitated or nickel-cobalt 
acid leaching sulfide. 
processing plant 
2017 Indonesia Weda Bay, phase 1 new mine and ATML фо. nickel-cobalt laterite 2,200“ Cobalt sulfide. 
Strand Minerals (Indonesia) processing plant ore 
Pte. Ltd. (Eramet S.A., 
Mitsubishi Corp., and 
Pacific Metals Co. Ltd.) 


Estimated, Revised. Do., do. Ditto. NA Not available. 

ты data are rounded to no more than three significant digits. А iti j 
Tojects in feasibility or later stages of development in 2012. Actual startup dates may be postponed owing to economic or с PES 

pnt produce cobalt by 2017, but not enough information was available to include them. 

SXEW solvent extraction-electrowinning. WOL-SX-EW whole ore leach-solvent extraction-electrowinning. 

‚АТМ, Atmospheric leach. HPAL High pressure acid leach. SX-EW solvent extraction-electrowinning. 

Average production. 

Se partie те 

е 


А gin after copper production reaches a steady rate. 
је Korean consortiu 


" R m comprises the following companies: Korea Resources Corp., L.S. Nikko Copper Inc., Hyundai 

„> and Iljin Copper Foil Co. Ltd. 

Xp date provided before project postponement was announced; no information is available on the length of delay. 
otal average production following expansion. 


Hysco Co. Ltd., SK Networks Co. 
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TABLE 8 
COBALT: WORLD MINE PRODUCTION, BY COUNTRY”? 


(Metric tons, cobalt content) 


3 
Australia" i а а 2 PENNE LO рОН EE" 
e DN C p oid 3,852 3,848 ' 5,882 
Brazil 2.631 А ч 272' 149 195 5 
eT = 1 3,139 3,623 ' 3,900 ? 
ug етн асы e ‚919 4,636 6,836 ' 6,625 P5 
Quem Dm 6,000 6,380 ' 6,800 7,000 
curo аса as | 40,000 | 60,000 60,000 51,000 
С = p | 4,600 4,800 ' 5,100 ° 4,900 
MT Es | 140 500° 635 
е А А 1,600 1,600 1,700 
Ме === -— = ane e ib 
о ан a 2,200 3,110 2,159 5 1,800 
=== ‚110 2,000 2,850 3,100" 2,620 | 
-- a = - 469 
Lr —— 1,200 1,500 2,200 2,200 2,600 
Russia” | 6,200 6,100 6,200 6,100 ' 6,300 
Зошћ Anon 590 610 1,800 1,600 2,500 
Zambia” 7,000 4,900 6,200 5,400 4,200 
Zimbabwe! 85 * 74 79 86 88 ? 
Total 79,900 ' 79,900 ' 107,000 € 110,000 ' 103,000 


*Estimated. PPreliminary. "Revised. -- Zero. 
World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
Includes data available through November 25, 2013. Figures represent recoverable cobalt content of ores, concentrates, or intermediate products from cobalt, 
copper, nickel, platinum, or zinc operations. 
?In addition to the countries listed, Spain and Turkey are known to produce ores that contain cobalt, but information is inadequate to make reliable estimates 
of production. Poland produced copper ore containing 1,500 to 5,000 metric tons per year of cobalt, which was not recovered. Other соррег-, nickel-, 
platinum-, or zinc-producing nations may also produce ores containing cobalt as a byproduct component, but recovery is small or nil. 
^Cobalt content of lateritic nickel ore and nickel concentrate reported by the Government of Western Australia. 
5Reported figure. 
SReported cobalt content of pelletized nickel-copper matte. 
! Assay content of cobalt in concentrates produced. 
8Cobalt content of concentrates, tailings, and slags. 
Determined from reported cobalt content of nickel-cobalt sulfide production and estimated cobalt content of ammoniacal liquor production. 
Cobalt content of nickel matte plus estimated cobalt in lateritic ore processed in Australia. 
Праг for 2012 is estimated cobalt content of reported mixed sulfide production. 
I Cobalt content of concentrates. 
P Cobalt contained in the following materials: cobalt chloride produced in France from New Caledonian matte, cobalt carbonate and nickel hydroxide produced 
in New Caledonia, and lateritic nickel ore exported to Australia. 
I4Cobalt content of nickel-cobalt hydroxide. 
I5Cobalt content of concentrates and slags. 
lécobalt content of intermediate products produced in Zimbabwe from nickel and platinum ores mined in Zimbabwe; excludes some probable unreported 
mine production in Zimbabwe and cobalt in products produced from materials originating in Botswana. 
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TABLE 9 
2 
COBALT: WORLD REFINERY PRODUCTION, BY COUNTRY" 


(Metric tons, cobalt content) 


Country and mn. .. .- - a — SUD. об. O Eom 
Australia, metal powder and oxide hydroxide" 3,620 4,050 4,120 4,720 4,860 
Belgium, metal powder, oxide, hydroxide? 3,020 2,150 2,600 3,187 4,200 
Brazil, metal 1,215 1,012 1,369 1,614" 1,750 Р 
Canada, metal, metal powder, oxide 5,637 4,918 4,711 6,038 5,981 P 
China, metal, metal powder, oxide, salts” * 18,200 25,500 35,900 35,000 29,800 
Congo (Kinshasa), metal 1,049 2,950 4,222 % 3,103 ' 3,021 
Finland, metal powder and salts? 9,645 8,970 * 9,429 ' 10,627 ' 10,562 
France, chloride 311 368 302 354 326 
India, metal and salts 858 1,001 1,187 1,299 800 
Japan, metal 1,071 1:332 1,935 2,007 2,542 
Madagascar, metal powder Е -- -- -- -- 493 
Morocco, metal and oxide 1,791 € 1,600 1,615 ' 1,788 1,314 
Norway, metal 3,719 3,510 3,208 3,067 2,969 
Russia, metal 2,502 2.352 2,460 2,337 2,186 
South Africa, metal powder and sulfate d 244 238 840 ' 862 ' 1,102 
Uganda, metal T 662 г 389 ' 568 ' 673 ' 374 
Zambia, metal | 4,049 1,506 5,026 5,746 ' 5,665 P 


Estimated. "Preliminary. ‘Revised. -- Zero. 
World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes data available through November 25, 2013. Figures represent cobalt refined from ores, concentrates, or intermediate products and do not 
include production of downstream products from refined cobalt. 


*Production reported by n.v. Umicore s.a.; includes production from China that is not otherwise included. 


"Production from domestic and imported ores, concentrates, and intermediate materials; excludes production by n.v. Umicore s.a. that is included under 
ин 


"Excludes production of cobalt in alloys, carbonate, hydroxide, and other materials that would require further refining. 
"Production reported by the Geological Survey of Finland. 
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COPPER 
By Mark Brininstool 


Domestic survey data and tables were prepared by Linda M. Barnes, statistical assistant, and the world production tables 
were prepared by Glenn J. Wallace, international data coordinator. 


In 2012, the United States remained the fourth-ranked 
mine producer of copper behind Chile, China, and Peru and 
accounted for about 7% of global production (table 20). 

U.S. mine production of recoverable copper increased to 

1.17 million metric tons (Mt), about 5% greater than that of 
2011, but still slightly less than production in 2009 and about 
11% less than production in 2008. The principal mining States 
for copper were, in descending order of production, Arizona, 
Utah, New Mexico, Nevada, and Montana, and accounted 

for more tha n 9994 of domestic production; copper was also 
recovered at mines in Alaska, Idaho, and Missouri. Although 
copper was recovered at 30 mines in the United States during 
2012, 19 mines accounted for more than 99% of production 
(table 2). The remaining mines were either small leach 
operations or byproduct producers of copper (International 
Copper Study Group, 2014, p. 9). 

Global mine production increased by about 4% to 17.0 Mt. 
Chile increased mined copper production by 396 and remained 
the leading world producer. It accounted for 3294 of global 
production and produced about 3.8 Mt more than the 
second-ranked producer, China, which accounted for 10% of 
global production. China surpassed the United States in 2010 
to become the third-ranked producer and surpassed Peru in 
2011 to become the second-ranked producer of mined copper. 
The remaining top 10 producers after the United States, in 
descending order of production, were Australia, Russia, Zambia, 
the Democratic Republic of the Congo [Congo (Kinshasa)], 
Canada, and Mexico. Fifty-two countries were known to have 
produced mined copper in 2012, but the top 10 producers 
accounted for 81% of production and the top 20 producers 
accounted for 95% of production (table 20). 
| Global smelter production remained essentially unchanged 
in 2012, and refinery production rose slightly owing to 
across-the-board increases in primary electrolytic, electrowon, 
and secondary production. The United States fell to 10th 
ranked in copper smelter production from 8th ranked in 2011. 
The United States accounted for 5% of world refined copper 
production and remained the fourth leading producer behind 
China (29%), Chile (14%), and Japan (7%) (tables 21, 22). 

In 2012, copper recovered from refined or remelted scrap 
reached 807,000 metric tons (t) (about 80% from new scrap 
те S from old scrap) and accounted for 3594 of the total 
de m supply. The conversion of old scrap to alloys and 

Pper increased by about 7% (11,000 t) to 164,000 t 
us was at its highest level since 2005 (tables 1, 6). In addition 
А domestically, ап additional 1.2 Mt of Scrap 
m Pda es exported, the majority of which was thought 
estie RO on Was consumed as refined copper and as 
500 chemical pata out 30 brass mills, 15 wire-rod mills, and 

ical plants, foundries, and miscellaneous operations. 
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According to data compiled by the International Copper 
Study Group (ICSG), global consumption of refined copper 
in 2012 increased by about 4% and reached an alltime high 
of 20.4 Mt, principally owing to a 1296 increase in China's 
apparent consumption, which accounted for about 43% 
of total global consumption. From 2002 to 2012, global 
consumption increased an average of about 3% per year, and 
only declined in 2005 (196) and 2008 (296). Consumption 
remained essentially unchanged in North America in 2012, 
declined by 7% in the European Union, and decreased by about 
1% in Asia (excluding China). Consumption in the European 
Union accounted for 15% of total global consumption while 
consumption in the United States accounted for 9%. The ICSG 
calculation of China's apparent consumption was based on 
reported production, trade, and Shanghai Futures Exchange 
(SHFE) stock data, and did not include unreported Government 
or industry stocks, which can fluctuate significantly on an annual 
basis (International Copper Study Group, 2014, p. 9, 19–20). 

According to ICSG estimates, using the apparent consumption 
calculation for China, for the third consecutive year global 
consumption of refined copper was greater than global 
production of refined copper by 270,000 t. Reported global 
yearend inventories of refined copper increased by 13% to 
1.4 Mt, about 796 of annual consumption of 20.4 Mt of refined 
copper. Ап increase in unreported inventories in China (which 
would lower the country's apparent consumption estimate) 
may in part account for the disparity between an apparent 
production deficit and the reported stock increase. When taking 
into account estimates for unreported stock changes in China, 
refined consumption could have been as much as 302,000 t less 
than production. China's net imports of refined copper increased 
by about 450,000 t to 3.4 Mt owing to an increase in imports of 
about 570,000 t and an increase in exports of about 120,000 t 
(International Copper Study Group, 2014, p. 9, 28-29), 

In 2012, the average annual Commodity Exchange, Inc. 
(COMEX) spot price declined by about 10% to $3.61 per pound 
from a record-high price of $4.00 per pound in 2011 (table 1) 
The monthly average price reached a high of $3.85 per pound in 
February but decreased to $3.35 per pound in June and averaged 
$3.62 per pound in December. The 2012 high price was $3.97 
on February 9, and the low price was $3.28 on June 8. | 


Legislation and Government Programs 


In May 2011, the Mexican affiliate of China-based Golden 
Dragon Precise Tube Group Inc. (Golden Dragon) filed a 
request with the U.S. Department of Commerce for a new 
“shipper review” of the November 2010 antidumping duty order 
on its seamless refined copper pipe and tube from Mexico. The 
determination imposed weighted-average dumping margins of 
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between 24.89% and 27.1696 on imports of seamless refined 
Copper pipe and tube from Mexico and between 11.25% and 
60.85% on imports of seamless copper pipe and tube from 
China. In September 2012, the U.S. Department of Commerce 
announced that, as a result of the review, the weighted-average 
dumping margin to be applied to U.S. imports of seamless copper 
pipe and tube from Golden Dragon's Mexican affiliate would be 
set at 5.53% (U.S. Department of Commerce, 2010, 2012). 

In December 2012, the U.S. Securities and Exchange 
Commission (SEC) approved the establishment of JPMorgan 
Chase & Co.'s XF Physical Copper Trust and, in February 2013, 
approved the creation of BlackRock Inc.'s iShares Copper Trust. 
The XF Physical Copper Trust was the first physical copper 
exchange traded fund (ETF) approved in the United States and 
JPMorgan Chase planned to hold about 62,000 t of physical 
copper cathode as collateral against shares of the fund. The 
iShares Copper Trust planned to hold 121,000 t of physical 
copper. The physical copper ETFs still faced legal challenges 
from copper consumers who thought the establishment of 
physical copper ETFs would increase copper prices. Although 
the total amount of copper to be held by these ETFs was small 
in relation to the total copper market, it was almost equal to 
the total amount of copper metal held in COMEX and London 
Metal Exchange (LME)-approved bonded warehouses in the 
United States at the end of 2012. The organizations opposed 
to the ETFs thought that because a significant amount of metal 
outside of the commodity exchange networks was purchased 
through long-term contracts, the ETFs would purchase copper 
that otherwise would be held in COMEX- and LME-approved 
bonded warehouses and available for immediate delivery 
during times of high demand (Mason, 2012; U.S. Securities and 
Exchange Commission, 2012, 2013; Burton and Shen, 2013). 


Production 


Domestic Industry Structure.—Mine production of 
recoverable copper in the United States increased by 5% based 
on unrounded figures in 2012, as production in New Mexico and 
Arizona increased by 5696 and 2%, respectively. Output in other 
States increased slightly, mainly owing to a significant increase 
in production in Nevada, which was partially offset by reduced 
output in Utah, where low ore grades at the second leading 
U.S. copper producer led to a sharp decrease in production. 
After declining for 2 consecutive years, the copper yield of 
concentrated copper ore increased by 6%, to 0.36%. Smelter and 
electrolytically refined copper production, however, decreased 
by 1096 each. Electrowon copper production from leach | 
solutions increased by 5% and accounted for 40% and 49%, 
respectively, of mine and refinery production. Fifteen solvent 
extraction-electrowinning (SX-EW) facilities operated during 

| 1). 
iine odi data were based on information 
compiled from U.S. Geological Survey (USGS) monthly | 
surveys sent to 29 mine producers of copper, 3 copper smelters, 

3 electrolytic copper refineries. In 2012, responses were 
serbe from all the surveyed mines, smelters, and refineries 


for 100% response rates. 
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Operating Property Reviews. —ASARCO LLC (Phoenix, И 
AZ) produced 149,000 t of refined copper at its Amarillo, TX, 
refinery and 54,200 t of electrowon copper at its Ray (33,400 t) jJ 
and Silver Bell (20,800 t) Mines in Arizona. The Ray Mine | 
produced 73,300 t of copper in concentrate and the Mission 
Mine (AZ) produced 60,900 t. ASARCO planned to invest 
$60 million to increase production capacity at the Mission 
Complex's concentrator to 77,500 metric tons per year (t/yr) Е: 
of copper in concentrate from 66,000 Џуг. The project was i 
expected to be completed in the middle of 2013 (Grupo México, 
S.A.B. de C.V., 2013, p. 40, 42, 61). 

BHP Billiton (Melbourne, Australia, and London, E 
United Kingdom) increased production of copper cathode at 
its Pinto Valley, AZ, residual leach operation to 5,000 t. The 
company restarted mine production at its Pinto Valley Mine 
in December 2012 and produced about 500 t of copper in 
concentrate by yearend. Production capacity of the mine was 
about 60,000 t/yr of copper in concentrate. Mining was halted 
in January 2009, owing to the global economic slowdown and 
a decline in copper prices (BHP Billiton, 2009, p. 28, 30; 2012; 

2013, p. 9). 

Production of copper at Freeport-McMoRan Copper & Gold 
Inc.'s (FCX's) U.S. operations increased to 618,000 t in 2012 
from 571,000 t in 2011. The Chino Mine in New Mexico 
increased production by 34,000 t to produce 65,000 t of copper 
in 2012, as mine production ramped up after the mine was 
restarted in 2011. In Arizona, the Safford Mine increased 
output by 16% (10,900 t) to about 79,000 t, the Morenci Mine 
increased production by 396 (8,000 t) to 287,000 t and output at 
the Bagdad Mine in Arizona increased slightly to 89,000 t and 
Production at the Sierrita Mine in Arizona decreased by 11% 

(9,000 t) to 71,000 t (Freeport-McMoRan Copper & Gold Inc., 
2013b, p. 7-12, 24). 

FCX was expanding the mining and milling capacity of 
sulfide ores at its Morenci Mine. The project was estimated to 
cost $1.4 billion, and was projected to increase production of 
copper in concentrate by 100,000 t/yr in 2014. The investments 
would increase mining rates to 815,000 metric tons per day 
(t/d) from 635,000 t/d and milling rates to 115,000 Vd from 
50,000 t/d. Production at the Chino Mine was continuing (0 
ramp up, with output expected to reach 113,000 t in 2014. The 
planned increase in production at the Chino Mine included 
concentrate and leach production (Freeport-McMoRan Copper 
& Gold Inc., 2013a, p. 35). 

Output at Kennecott Utah Copper Corp.'s (Magna, UT) 

Bingham Canyon Mine declined by 16% to 163,200tof — 
contained copper from 195,000 t in 2011, owing to the mining 
of lower grade ore in the first half of the year. Ore grades 
improved to 0.47% and 0.60% in the third and fourth quarters, 
respectively, compared with 0.3276 in each of the first two : 
quarters of 2012. Production of refined copper at the ER 
refinery decreased by 24% to 162,700 t from 215,300 t in 2011, 
mainly because the smelter was shut down for maintenance 

for 26 days during the second quarter. In June 2012, Rio Tinto 
approved a $660 million investment in infrastructure and У 
equipment to push back the south wall of the mine and to ex 
the life of the Bingham Canyon Mine from 2018 to 2029. 
After the project is complete, Rio Tinto expected to produce an 
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average of 180,000 t/yr of copper in concentrate at Bingham 
Canyon from 2019 to 2029 (Rio Tinto plc, 2012, p. 3; 2013a, 
p. 45; 2013b, p. 23). 

Quadra FNX Mining Ltd. was purchased by KGHM 
Polska Miedz S.A. in March 2012 and was renamed KGHM 
International Ltd. Through the purchase, KGHM obtained 
the Robinson Mine (Nevada); the Carlota Mine (Arizona); 
the Franke Mine in Chile; and the McCreedy West Mine, the 
Podolsky Mine, and the Morrison deposit in Ontario, Canada. 
In 2012, the Robinson Mine increased production to 54,200 t 
of copper in concentrate from 43,100 t in 2011, mainly owing 
to higher grade ore from the Ruth pit and increased recovery 
rates. The Carlota Mine decreased production to 10,400 t of 
copper content in 2012 from 10,700 t in 2011, mainly owing to 
the implementation of a mine-for-closure plan that called for 
a reduction in ore production. A planned closure date was not 
released (KGHM International Ltd., 2013, p. 2, 8, 12). 

Mercator Minerals Ltd.'s (Kingman, AZ, and Vancouver, 
British Columbia, Canada) Mineral Park Mine (Arizona) 
decreased production by 500 t to 18,600 t of copper (1,600 t 
from SX-EW, 17,000 t contained in concentrate). In the third 
quarter of 2011, a new mill was commissioned which increased 
mill throughput capacity to 50,000 t/d. In the first half of 2012, 
however, harder than expected ore was mined, which required 
the company to make adjustments to the mill, and design 
capacity of the new mill was not reached until March 2013 
(Mercator Minerals Ltd., 2013, р. 9-10, 19, 27). 

Nord Resources Corp. (Tucson, AZ) produced copper 
from residual leaching operations at its Johnson Camp Mine 
in Arizona. Sales of copper cathode decreased to 1,020 t in 
2012 compared with 1,620 t in 2011. New ore production was 
suspended in July 2010, and in 2012, the company continued 
to seek financing to build a new leach pad and to restart mining 
(Nord Resources Corp., 2013, p. 2). 

On December 17, Revett Minerals, Inc. (Spokane Valley, WA) 
suspended production at its underground Troy Mine (MT) 
owing to concerns about geotechnical conditions. The company 
installed equipment to monitor ground conditions and hoped to 
reopen the mine as soon as possible. Copper production from the 
Troy Mine in 2012 was 3,430 t of copper in concentrate compared 
With 4,830 t in 2011 (Revett Minerals, Inc., 2012, 2013). 

Newmont Mining Corp. (Denver, CO) announced in April that 
ts board of directors had authorized funding for the Phoenix 
Copper Leach project in Nevada. The project was expected 
нЕ. in the second half of 2013 and to produce 
S жые yr of copper from materials previously mined 

red waste rock during the project's first 5 years 
(Newmont Mining Corp., 2013a, p. 52). 


i 


Consumption 


US. reported consumption of refined copper remained 
essentially unchanged in 2012. Consumption by wire-rod 
red Which accounted for 73% of reported consumption, 
is Gee and consumption at brass mills, which 
ams | ы about 24% of consumption, declined slightly 
ЖЫ | ccording to data compiled by the American Bureau 

etal Statistics, Inc. (ABMS) (2013), domestic apparent 
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consumption of wire rod remained essentially unchanged. 

According to preliminary data from the Copper Development 
Association Inc., the total shipments of copper and copper 
alloy products to the U.S. market by fabricators (brass mills, 
foundries, powder producers, and wire mills), which included 
net imports, increased slightly from those in 2011. With the 
exception of 2010, when revised shipment data indicated a 
2% increase, shipments to the domestic market have trended 
downward since 2004. Wire-mill products accounted for 
about 55% of total shipments to the domestic market; brass 
mill products, 38%; and foundry and powder products, 3%. 
Shipments to the building construction sector, which remained 
the leading end-use market, increased slightly and accounted 
for about 43% of shipments. Shipments to the electric and 
electronic products sector (20% market share) decreased 
slightly, shipments to the transportation equipment sector 
(18% market share) and the consumer and general products 
sector (12% market share) increased slightly, and shipments 
to the industrial machinery and equipment sector (7% market 
share) remained essentially unchanged (Copper Development 
Association Inc., 2013, p. 18). 


Prices and Stocks 


In 2012, the average annual COMEX spot price declined 
by about 10% to $3.61 per pound from a record-high price of 
$4.00 per pound in 2011 (table 1). Owing to a relatively tight 
market balance, prices fluctuated in response to industry news, 
especially as it related to China’s demand pattern. Copper 
prices increased fairly steadily from a COMEX spot price 
of $3.53 per pound at the beginning of January to the 2012 
high of $3.97 per pound on February 9, For the remainder of 
February and March, the price ranged between $3.71 per pound 
and $3.92 per pound, before dropping to $3.52 per pound in 
April. The prices started May at $3.84 per pound but steadily 
declined until reaching the annual low price of $3.28 per pound 
on June 8. The price reached $3.85 per pound on September 14 
and ended the year at $3.64 per pound. Total U.S. refined copper 
stocks declined by 42% during the year, to 236,000 t at the end 
of December from 409,000 t at the beginning of January 
low of 187,000 t at the end of September. | 
| Copper scrap prices (table 13) generally followed the trend 
in refined copper prices. With lower refined copper prices 
however, the discount of most grades of copper Scrap to refined 
copper decreased. According to American Metal Market price 
data, the discount for refiners’ No. 2 scrap from the COMEX 
spot price averaged 39.1 cents per pound in 2012, compared 
with 49.3 cents per pound for 2011, and ranged between 
33.9 cents per pound in July and 43.7 cents per pound in April 


with a 


Foreign Trade 


Although reported U.S. consumption of refined copper 
remained essentially unchanged in 2012, net imports of 
refined copper in 2012 decreased by about 25% (160,000 t) 
from those in 2011. Refined copper accounted for 94% of all 
unmanufactured copper imports. The decrease in refined copper 
imports corresponded with a 42% (170,000 t) reduction in | 
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yearend inventories, mainly owing to decreases at COMEX 
and LME warehouses, although factors other than destocking 
may have been responsible for the decrease in imports. Chile, 
Canada, and Mexico were the leading sources of refined copper 
imports in 2012, accounting for 64%, 18%, and 14%, 
respectively, of refined imports. Exports of copper ore and 
concentrates increased by 1996 and correlated with increased 
production of concentrates by nonintegrated domestic mine 
producers. Exports of refined copper tripled and correlated 
with a drawdown of refined copper held in LME warehouses 
(tables 14, 16). 

According to the U.S. Census Bureau data compiled by the 
Copper and Brass Fabricators Council Inc., in 2012, U.S. 
imports of copper and copper-alloy semifabricated products 
(excluding wire-rod mill products) were 222,000 t (a slight 
decrease from those in 2011), exports were 108,000 t 
(unchanged from those in 2011), and the resulting net imports 
increased by about 5% to 114,000 t. Canada and Mexico 
collectively accounted for 6696 of semifabricated copper exports 
and 1996 of imports. The leading import sources were Germany 
(21%), the Republic of Korea (13%), Mexico (10%), Canada 
(9%), and China (8%) (Copper and Brass Fabricators Council 
Inc., 2013, p. 1-10). 

Copper scrap was the leading U.S. copper export and 
combined copper-alloy and unalloyed scrap exports were greater 
in terms of quantity and value than all other unmanufactured 
copper exports combined (tables 14, 18). In 2011, total U.S. 
scrap exports reached a record high of 1.24 Mt, with 941,000 t of 
those exports going to China. In 2000, the U.S. exported a 
total of 486,000 t of scrap (228,000 t of unalloyed copper 
scrap and 258,000 t of copper-alloy scrap), compared with 
1.20 Mt (479,000 t of unalloyed copper scrap and 716,000 t 
of copper-alloy scrap) in 2012. United States scrap exports to 
China have increased along with total U.S. scrap exports, and 
in 2012, China was the recipient of 7176 of U.S. unalloyed 
copper scrap exports and 7 5% of alloyed copper scrap exports 
in terms of volume, and 65% and 7095, respectively, in terms of 
value. Shipments to China of unalloyed copper scrap increased 
to 341,000 t in 2012 from 124,000 t in 2000, and shipments of 
copper-alloy scrap increased to 539,000 t in 2012 from 86,1 00 t 
in 2000. The increase in total U.S. exports and rising demand in 
China correlated with the shutdown of U.S. secondary smelting 
capacity. In 2001, the last active secondary copper smelter in 
the United States shut down, which decreased domestic demand 
for copper scrap (fire-refining of copper scrap continues in 
the United States but requires higher purity copper scrap than 
secondary smelting and generally yields a lower grade refined 
material). Also, with higher copper prices, copper scrap became 

valuable, more scrap Was collected, and more scrap was 
di | Based on global import data for 2012, 
ilable for export. Dase g 
he recipient of 61% of the reported 8.0 Mt of global 
ee ‘onal Copper Study Group, 2014, p. 40-41). 
scrap trade (Internationa! Vopp 
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M ud pA d record high of 17.0 Mt, but has increased by only 
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was a 1.7-Mt (9%) increase in world mine capacity from 2008 
[18.5 million metric tons per year (Mt/yr)] to 2012 (20.2 Mt/yr). 
World mine capacity in 2011 was 19.6 Mt/yr. Based on ICSG 
production and capacity data, capacity utilization at copper 
mines worldwide increased to 82.796 in 2012 from 81.994 in 
2011. It was the first year capacity utilization has increased 
since 2004, when it reached 91.9% (International Copper Study 
Group, 2013, p. 14; 2014, p. 9). 

Chile was the leading producer of mined copper in 2012 
and produced 5.4 Mt, or 32% of total world production. Other 
leading producers were China, 1.6 Mt (10%); Peru, 1.3 Mt (896); 
and the United States, 1.2 Mt (796). Significant production 
increases were seen in China (320,000 t), Chile (171,000 0), 
Peru (63,000 t), and the United States (60,000 t). The most 
significant decreases in production were in Indonesia (143,000 t) 
and South Africa (20,000 t) (table 20). 

Global smelter production increased slightly (150,000 t), 
to 16.1 Mt (table 21). According to ICSG data, global smelter 
capacity increased by about 600,000 t/yr in 2012 to 19.0 Mt/yr 
and capacity utilization increased slightly, to 8796 in 2012 from 
86% in 2011 (International Copper Study Group, 2013, p. 15). 

In 2012, world production of refined copper increased by 
about 360,000 t (about 296) to 20.1 Mt owing to increases 
in both primary and secondary production. Production of 
refined copper from electrowinning rose by 496; electrolytic 
and fire refining (other primary) and secondary (from scrap) 
production increased slightly. Most of the growth in refined 
copper production came from China, where total refined copper 
production increased by an estimated 650,000 t (1296); Japan, 
164,000 t (12%); and Congo (Kinshasa), 94,000 t (26%). 
Significant decreases in refined copper production took place in 
Chile, where output declined by 190,000 t (696); the Philippines, 
74,000 t (45%); and Peru, 57,000 t (15%) (table 22). 

World apparent consumption of refined copper, according 
to ICSG data, rose by about 697,000 t (3.5%) to a record-high 
20.4 Mt. Consequently, the ICSG global market balance 
indicated a production deficit for the third consecutive year, 
amounting to about 266,000 t in 2012 and totaling 511,000 t 
from 2010 to 2012. For the calculation of this balance, the 
apparent consumption calculation for China did not take into 
account changes in unreported bonded stocks in China that are 
held by the State Reserve Bureau, producers, consumers, and 
traders. When taking into account estimates for these unreported 
stock changes, refined consumption in 2012 could have been 
as much as 302,000 t less than production. Stocks held on the 
more visible commodity exchanges (COMEX, LME, SHFE) 
increased by about 45,000 t to 589,000 t. ICSG estimates 
of total reported inventories (exchanges, governments, and | 
industry) increased by 163,000 t to 1.37 Mt. With the exception 
of SHFE exchange inventories, inventory levels in China were 
not reported and estimates were made for other inventories 
(International Copper Study Group, 2014, 9, 19—21). 

Chile.—The 3% increase in Chile's mine production was 
owing mainly to an increase in production of 288,000 tat 
the Escondida Mine [57.596 BHP Billiton (London, United 
Kingdom), 3094 Rio Tinto plc (London, United Kingdom)], 
the world’s leading copper-producing mine, and an increase of 
144,000 t at Anglo American Sur S.A.’s [majority owned by 
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Anglo American plc (London, United Kingdom)] Los Bronces 
Mine. Output at Escondida increased owing to higher ore 
grades and an increase in mill throughput owing to improved 
material handling and production at Los Bronces increased 
owing to a mine expansion that ramped up to full capacity in 
August. These increases were offset by a 171,000-t decrease in 
production at the Collahuasi Mine [44% Anglo American, 44% 
Xstrata plc (Zug, Switzerland)] owing to lower ore grades and 
recovery rates, adverse weather conditions early in 2012, safety 
stoppages, and a ball mill failure (Anglo American plc, 2013, 
p. 28, 77; Rio Tinto plc, 2013a, p. 24, 49). 

China.—In 2012, China reportedly commissioned 
100,000 t/yr of new copper mine capacity, although the 
increase in 2012 mine production mainly came from existing 
mines. Expanded smelter capacity in China in part drove the 
demand for new mine production, and newly built smelters 
were reportedly purchasing copper concentrates to increase 
stockpiles. Imports of copper ores and concentrates into 
China increased to 7.8 Mt (2.2 Mt contained copper) in 2012 
from 6.4 Mt (1.8 Mt contained copper) in 2011. In 2012, 
China also imported 4.9 Mt of copper and copper alloy scrap 
(4.7 Mt in 2011), 3.4 Mt of refined copper (2.8 Mt in 2011), 
and 523,000 t of copper blister and anodes (417,000 t in 2011) 
(Copper Monthly, 2013, p. 34; International Copper Study 
Group, 2014, p. 24-28, 40). 

Indonesia. —Mine production at FCX's operations in the 
Grasberg minerals district declined by 21% (85,000 t) to 
about 315,000 t in 2012 owing to a decrease in average ore 
grades to 0.62% copper from 0.79% in 2011. Newmont Gold 
Corp.’s (Greenwood Village, CO) Batu Hijau Mine decreased 
production by 42% (53,000 t) to 71,000 t in 2012 owing to 
lower ore grades and recovery rates. Newmont expected ore 
grades to remain low until 2014 when planned waste removal 
operations would be completed and phase 6 of its mining plan 
could begin (Freeport-McMoRan Copper & Gold Inc., 2013a, 
р. 24; Newmont Mining Согр., 2013b, р. 73). 
| Peru.—Compania Minera Antamina S.A. (Lima, Peru) 
Increased production of copper in concentrate by 34% to 
446,800 t following the completion of a mine and concentrator 
expansion in the first quarter of the year. Southern Copper 
Corp.’s [81.3% Grupo Mexico (Mexico City, Mexico)] Cuajone 
Mine Increased output by about 18,600 t to 159,000 t owing to 
higher ore grades and recovery rates. Production from Xstrata 
ples managed operations in Peru decreased by 46% to 51,800 t 
In 2012 as the Tintaya Mine was depleted and shut down. 
In November, Xstrata began production at the Antapaccay 
Mine, which was adjacent to the former Tintaya Mine. Xstrata 
expected the Antapaccay Mine to produce about 160,000 t/yr 
of copper. Production at Sociedad Minera Cerro Verde S.A.A. 
(Cerro Verde) [53.56% Freeport McMoRan (Phoenix, AZ)] 
decreased by 24,000 t to 270,000 t in 2012, owing to mining 
of lower grade ores in the first half of the year. Cerro Verde 
Was undertaking an expansion project to increase production 
capacity by 270,000 t/yr beginning in 2016 (Freeport-McMoRan 
Copper & Gold Inc., 2012, p. 6; 2013b, p. 15, 26; Southern 
Copper Corp., 2013, p. 75; 2014; Xstrata plc, 2013, p. 20, 31). 

South Africa. —Production of copper in concentrate at 
Palabora Mining Company Ltd.'s Palabora Mine declined by 
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29% (20,000 t) to 49,000 t in 2012. The decrease in production 
was caused by the failure of a new ore-hoisting shaft guide rope, 
which halted production in July and August (Palabora Mining 
Company Ltd., 2013, p. 4, 20, 48). 


Outlook 


In 2013, U.S. mine production increased owing to increased 
production at the restarted Pinto Valley Mine and at the 
Bingham Canyon Mine. Smelter and refinery production also 
increased. According to data compiled by the ICSG (2014, 

p. 9, 12), global mine production increased by 8% in 2013 as 
output of copper in concentrate increased by 9% and production 
of copper from SX-EW operations increased by 4%. World 
mine capacity increased by 4% and mine capacity utilization 
increased to 85.2% from 82.4% in 2012. 

In 2013, according to ICSG data (2014, p. 9, 14, 17), global 
smelter production increased slightly and refinery production 
rose by 4% owing to across-the-board increases in primary 
electrolytic, electrowon, and secondary production. Global 
consumption of refined copper in 2013 rose by about 4%, and 
for the fourth consecutive year, global consumption for refined 
copper was higher (190,000 t) than global production of refined 
copper. This estimate used an apparent consumption calculation 
for China that did not take into account changes in unreported 
bonded stocks in China that are held by the State Reserve 
Bureau, producers, consumers, and traders. When taking into 
account estimates for these unreported stock changes in China, 
refined consumption could have been as much as 450,000 t more 
than production. 

The average monthly COMEX copper spot price in 2013 
reached a high of $3.67 per pound in January but dropped as low 
as $3.14 per pound in July before increasing to $3.34 per pound 
in December. Copper prices in 2013 fluctuated mainly owing 
to concerns about China's economic growth and Speculation 
that the U.S. Federal Reserve System would begin to taper its 
bond buying Program. As the world’s leading copper consumer, 
changes in China’s economic growth could have a major impact 
on copper prices, and actions by the U.S. Federal Reserve System 
that could strengthen the dollar could make copper futures 
which are valued in U.S. dollars, more expensive for consumes 
and investors who use currencies other than the U.S. dollar 
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TABLE 1 


SALIENT COPPER STATISTICS! 


(Metric tons, unless otherwise specified) 


United States: 
. Mine production: 


thousand metric tons 
percent 


Ore concentrated 
Average yield of concentrated ore 
Recoverable copper: 
Arizona 
New Mexico 
о o o x _ —.. 
Total 
Total value 
Smelter production: 
Primary and secondary 
Byproduct sulfuric acid, sulfur content 
_ Refinery production: 


millions 


thousand metric tons 


Primary materials: 
Electrolytic from domestic ores 
Electrolytic from foreign materials 
Electrowon 
Total 
Secondary materials (scrap), electrolytic and fire refined 
Grand total 
Secondary copper produced: 
Recovered from new scrap 
Recovered from old scrap 
Total 
. Copper sulfate production 
Exports, refined 
Imports, refined 
Stocks, December 31: 
Blister and in-process material 
Refined copper: 
Refineries 
Wire-rod mills 
Brass mills 
Other industry 
COMEX 
London Metal Exchange (LME), U.S. warehouses 
Total 
Consumption: 


Refined copper, reported 


Apparent consumption, primary refined and old scrap” 
Е E АИ 
Price: 


Producer, weighted average cents per pound 


___СОМЕХ, first position č do. 
.. LME, Grade A cash do. 
World, production: E 
Mine thousand metric tons 
. Smelter do. 
Refinery - do. 


"Revised. do. Ditto. W Withheld to avoid disclosing company proprietary data. 


Рака are rounded to no more than three significant digits, except prices; may not add to totals shown. 
"In 2008, 2009, 2010, 2011, and 2012, apparent consumption was calculated usin 


649,000 t, and 628 ,000 t, respectively. 
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2008 2009 2010 2011 2012 
219,000 149,000 160,000 ' 187,000 ' 180,000 
0.36 0.46 041" 0.34 ' 0.36 
836,000 711,000 703,000 751,000 763,000 
104,000 56,500 52,700 66,000 103,000 
_ 368,000 _ 414,000 353,000 _ 296,000 300,000 
1,310,000 — 1,180,000 1,110,000 1,110,000 1,170,000 
$9,200 $6,290 $8,520 $9,960 $9,450 
574,000 597,000 601,000 538,000 485,000 
655 671 704 679 545 
603,000 588,000 606,000 545,000 491,000 
109,000 48,300 21,000 W W 
508,000" 476,000 430,000 447,000 471,000 
1,220,000 1,110,000 1,060,000 992,000 962,000 
53,800 46,400 37,700 37,300 39,500 
1,270,000 1,160,000 1,090,000 1,030,000 1,000,000 
700,000 639,000 642,000 649,000 642,000 
159,000 138,000 143,000 153,000 164,000 
859,000 777,000 785,000 802,000 807,000 
22,000 22,400 23,700 22,800 22,500 
36,500 80,800 78,300 40,400 159,000 
724,000 664,000 605,000 670,000 630,000 
24,100 15,500 21,100 13,000 12,300 
18,300 23,700 10,300 8,360 12,900 
31,700 24,700 19,700 24,000 28,100 
8,340 7,610 6,400 6,850 6,540 
3,230 4,290 4,380 4,330 4,180 
31,300 90,000 58,600 79,800 64,100 
106,000 283,000 284,000 286,000 120,000 
199,000 434,000 384,000 409,000 236,000 
2,020,000 1,650,000 — 1,760,000 1,760,000 1760000 
2,000,000 1,580,000 1,760,000 1,730000 1770000 
319.16 241.24 348.34 405.85 367.28 
313.36' 235.42 342.51 400.05 361.45 
315.47 233.56 341.74 399.79 360.58 
15,600 16,000 16,200 ' 16,300 ' 7.000 
14,600 14,900 15,600 ' 15,900" 16.100 
18,300 18,300 19,100 19,700 20.100 


g general imports of 721,000 metric tons (t), 645,000 t, 583 000 t 
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TABLE 3 
MINE PRODUCTION OF COPPER-BEARING ORES AND RECOVERABLE COPPER CONTENT OF ORES 


PRODUCED IN THE UNITED STATES, BY SOURCE AND TREATMENT PROCESS! 


(Metric tons) 


2011 2012 
Gross Recoverable Gross Recoverable 
Source and treatment process weight copper weight copper 
Mined copper ore: 

Concentrated 187,000,000 ' 640,000 * 180,000,000 647,000 
Геасћед МА 447,000 МА 471,000 
Тога] МА 1,090,000 МА 1,120,000 

Copper precipitates shipped, leached from 
tailings, dumps, and in-place material NA W NA W 
Other copper-bearing ores? 5,230,000 25,100 5,300,000 48,900 


Grand total XX 1,110,000 XX 1,170,000 


"Revised. NA Not available. W Withheld to avoid disclosing company proprietary data; included with “Other 
copper-bearing ores." XX Not applicable. 

Data are rounded to no more than three significant digits; may not add to totals shown. 

“Includes gold ore, lead ore, and silver ore. 


TABLE 4 
CONSUMPTION OF COPPER AND BRASS MATERIALS IN THE UNITED STATES, BY ITEM! 


(Metric tons) 
Foundries, Smelters, 
chemical plants, refiners, 
Item Brass mills Wire-rod mills miscellaneous users ingot makers Total 

2011: 

" Copper scrap 655,000 "2 W 77,200 157,000 889,000" 
Кећпед соррег 430,000 1,270,000 56,600 5,000 1,760,000 
Hardeners and master alloys 10,100 -- 4,410 -- 14,500 
Brass ingots -- -- 61,600 -- 61,600 
Slab zinc 39,300 - (4) Чч) 40,400 

2012: 

_ Соррег scrap 659,000? wW 75,900 157,000 891,000 
Refined copper! 424,000 1,280,000 54,500 4,510 1,760,000 
Hardeners and master alloys 10,100 -- 4,540 = 14,600 
Brass ingots A -- 65,100 -- 65,100 
Slab zinc 40,000 E (4) (4) 49,700 


‘Revised. W Withheld to avoid disclosing company proprietary data; included with “Brass mills.” -- Zero. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 

"Includes item indicated by symbol W. 

"Detailed information on consumption of refined copper can be found in table 5. 

*Withheld to avoid disclosing company proprietary data; included in “Total.” 
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TABLE 5 


CONSUMPTION OF REFINED COPPER SHAPES IN THE UNITED STATES, BY CLASS OF CONSUMER! 


W Withheld to avoid disclosing company proprietary data; included with *Wirebar, billets, other." -- Zero. 


"Раја are rounded to no more than three significant digits; may not add to totals shown. 


"Includes consumers of copper powder and copper shot, iron and steel plants, and other manufacturers. 


Included with “Cathodes: wire-rod mills.” 


TABLE 6 


COPPER RECOVERED FROM SCRAP PROCESSED IN THE UNITED STATES, 


BY KIND OF SCRAP AND FORM OF RECOVERY! 


(Metric tons) 
2011 2012 
Kind of scrap: 
New: 
Copper-base 618,000 609,000 
Aluminum-base 31,400 ' 32,900 
Nickel-base 18 18 
тоа 649,000 642,000 
“Old 
Copper-base 124,000 134,000 
Aluminum-base 28,700 30,300 
Nickel-base 267 267 
Zinc-base 13 10 
Total 153,000 164,000 
Grand total 802,000 807,000 
Form of recovery: 
As unalloyed copper 38,400 40,600 
In brass and bronze 699,000 698,000 
In alloy iron and steel 692 658 
In aluminum alloys 59,300 ' 62,500 
In other alloys 12 10 
In chemical compounds | 5,030 __ 5,030. 
Total 802,000 807,000 


"Revised. 


(Metric tons) 
Ingots and Cakes and Wirebar, billets, 
Class of consumer Cathodes ingot bars slabs other Total 
2011: 
Wire-rod mills 1,270,000 -- -- -- 1,270,000 
Brass mills 305,000 W 43,800 81,700 430,000 
Chemical plants W W -- 1,520 1,520 
Ingot makers W W W 5,000 5,000 
Foundries 4,950 2,460 -- 10,200 17,700 
Miscellaneous? W W W 37,500 37,500 
Total 1,580,000 2,460 43,800 136,000 1,760,000 
2012: 
Wire-rod mills 1,280,000 -- -- (3) 1,280,000 
Brass mills 330,000 W 42,800 51,600 424,000 
Chemical plants W W -- 275 275 
Ingot makers W W W 4,510 4,510 
Foundries 6,380 2,320 W 11,200 19,900 
Miscellaneous? W W W 34,300 34,300 
Total 1,610,000 2,320 42,800 102,000 1,760,000 


! Data are rounded to no more than three significant digits; may not add to totals shown. 
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TABLE 7 


COPPER RECOVERED AS REFINED COPPER AND IN ALLOYS AND OTHER FORMS 
FROM COPPER-BASE SCRAP PROCESSED IN THE UNITED STATES, BY TYPE OF OPERATION! 


From new scrap From old scrap 


Type of operation 2011 

Ingot makers 11,800 
Refineries” 18,900 
Brass and wire-rod mills 553,000 
Foundries and manufacturers 28,400 
Chemical plants 5,030 
Total 618,000 


-- Zero. 


(Metric tons) 


2012 
11,800 
17,900 

544,000 
30,600 
5,030 
609,000 


2011 
64,600 
18,400 
17,600 
23,600 


124,000 


2012 
63,700 
21,600 
28,300 
20,200 


134,000 


Total 

2011 2012 
76,400 75,500 
37,300 39,500 
571,000 572,000 
52,000 50,900 
5,030 5,030 
742,000 743,000 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes electrolytically refined based on source of material at smelter level. 


TABLE 8 


PRODUCTION OF SECONDARY COPPER AND COPPER-ALLOY PRODUCTS 
IN THE UNITED STATES, BY ITEM PRODUCED FROM SCRAP! 


Item produced from scrap 


Unalloyed copper products: 
Refined copper 
Copper powder 
Copper castings 
Total 
Alloyed copper products: 
Brass and bronze ingots: 
Tin bronzes 


Leaded red brass and semired brass 


High leaded tin bronze 
Yellow brass 
Manganese bronze 
Aluminum bronze 
Nickel silver 

Silicon bronze and brass 


(Metric tons) 


Copper-base hardeners and master alloys 


Miscellaneous 
Total 


Brass mill and wire-rod mill products 


Brass and bronze castings 
Copper in chemical products 
Grand total 


shown. 


Google 


2011 


37,300 


1,030 
124 


38,400 


9.050 


51,200 


9,650 
5,280 
7,500 
6,330 
1,020 
4,740 
5,250 
7,800 


108,000 
701,000 
45,000 


5,030 


897,000 


'Data are rounded to no more than three significant digits; may not add to totals 


2012 


39,500 
1,030 
122 
40,600 


9,070 
50,300 
9,650 
5,280 
7,500 
6,320 
1,030 
4,710 
5,250 
7,800 
107,000 
700,000 
44,600 
5,030 
897,000 
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TABLE 9 


COMPOSITION OF SECONDARY COPPER-ALLOY PRODUCTION IN THE UNITED STATES! 


Copper 

Brass and bronze ingot production: 

2011 90,200 ' 

2012 88,400 
Secondary metal content of brass mill 

products: 

2011 578,000 

2012 577,000 
Secondary metal content of brass and 

bronze castings: 

2012 41,700 


"Revised. 


(Metric tons) 


Tin Lead 


3,360 ' 4,890" 
3,700 5,260 


1,360 2,310 


1,310 2,330 
1,090 564 
1,070 541 


2011 41,800 


Zinc Nickel Aluminum Total 
9,210 € 107 € 13 108,000 
9,350 109 13 107,000 

118,000 1,100 16 701,000 
118,000 1,050 16 700,000 
1,370 90 103 45,000 
1,090 92 98 44.600 


!Data аге rounded to no more than three significant digits; may not add to totals shown. 


?Includes approximately 96% from scrap and 4% from other than scrap. 
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ТАВГЕ 10 
CONSUMPTION AND YEAREND STOCKS OF COPPER-BASE SCRAP! 


(Metric tons, gross weight) 
2011 2012 
Scrap type and processor Consumption Stocks Consumption Stocks 
Unalloyed scrap: 
№.1 wire and heavy: 
Smelters, refiners, and ingot makers 17,100 970 17,300 875 
Brass and wire-rod mills 324,000 (2) 292,000 (2) 
Foundries and miscellaneous manufacturers 28,200 Q) 29,000 (2) 
No. 2 mixed heavy and light: 
Smelters, refiners, and ingot makers 62,000 1,540 61,900 1,950 
Brass and wire-rod mills 9,530 (2) 40,400 (2) 
Foundries and miscellaneous manufacturers 9,150 (2) 7,590 (2) 
Total unalloyed scrap: 
Smelters, refiners, and ingot makers 79,100 2,510 79,300 2,820 
Brass and wire-rod mills 333,000 509 333,000 1,170 
Foundries and miscellaneous manufacturers 37,300 4,000 36,600 2,580 
Alloyed scrap: 
Red brass: 
Smelters, refiners, and ingot makers 22,300 2,050 22,300 1,920 
Brass mills 9,700 (2) 10,600 (2) 
Foundries and miscellaneous manufacturers 2,690 (2) 2,520 (2) 
Leaded yellow brass: 
Smelters, refiners, and ingot makers 10,000 813 10,000 894 
Brass mills 118,000 (2) 119,000 (2) 
Foundries and miscellaneous manufacturers 930 (2) 696 (2) 
Yellow and low brass, all plants 146,000 918 141,000 844 
Cartridge cases and brass, all plants 91,800 (2) 98,000 Q) 
Auto radiators: 
Smelters, refiners, and ingot makers 20,500 829 20,500 782 
Foundries and miscellaneous manufacturers 1,900 (2) 1,900 (2) 
Bronzes: 
Smelters, refiners, and ingot makers 12,800 885 12,800 940 
Brass mills and miscellaneous manufacturers 15,500 Q) 15,500 Q) 
Nickel-copper alloys, all plants 9,620 152 9,290 184 
Low grade and residues; smelters, refiners, Q) (2) 
miscellaneous manufacturers 22,900 593 22,900 630 
Other alloy scrap: 
Smelters, refiners, and ingot makers 1,510 793 1,510 687 
Brass mills and miscellaneous manufacturers | 560 ©  ÀXA35600 о 
Total alloyed scrap: 
Smelters, refiners, and ingot makers 78,000 6,850 78,000 6,790 
Brass mills 374,000 584 376,000 1,040 
Foundries and miscellaneous manufacturers 39,900 1,990 39,300 1,980 
Total scrap: 
__ Smelters, refiners, and ingot makers 157,000 9,360 157,000 9,610 
Brass and wire-rod mills 707,000 1,090 709,000 2,220 
Foundries and miscellaneous manufacturers 77,200 5,990 75,900 4,550 


"Data are rounded to no more than three significant digits; may not add to totals shown. 
Individual breakdown is not available; included in “Total unalloyed scrap,” “Total alloyed scrap,” 
and “Total scrap.” 

"Includes cocks and faucets, commercial bronze, composition turnings, gilding metal, railroad car 
boxes, and silicon bronze. 

“Includes aluminum bronze, beryllium copper, and refinery brass. 
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TABLE 11 
CONSUMPTION OF PURCHASED COPPER-BASE 5СКАР“ 


(Metric tons, gross weight) 


BENE. A E 


New scrap Old scrap Total 
Type of operation 2011 2012 2011 2012 2011 2012 
Ingot makers 28,800 27,700 89,900 88,900 119,000 117,000 
Smelters and refineries 19,700 18,900 18,700 21,800 38,400 40,600 
Brass and wire-rod mills 689,000 680,000 18,200 29,500 707,000 709,000 
Foundries and miscellaneous manufacturers 52,000 54,300 25,200 21,600 77,200 75,900 
Total 790,000 781,000 152,000 162,000 942,000 942,000 


Eu ns ne Mt Msi RE 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 
Consumption at brass and wire-rod mills assumed equal to receipts. 


TABLE 12 
FOUNDRIES AND MISCELLANEOUS MANUFACTURERS CONSUMPTION 
OF BRASS INGOT, REFINED COPPER, AND COPPER SCRAP 


IN THE UNITED STATES! 


(Metric tons) 


Ingot type or material consumed 2011 2012 
Tin bronzes 8,550 6,740 
Leaded red brass and semired brass 36,500 39,600 
Yellow, leaded, low brass? 7,140 8,270 
Manganese bronze 2,530 2,720 
Nickel silver 879 1,450 
Aluminum bronze 4,130 4,050 
Hardeners and master alloys" 4,410 4,540 
Lead-free alloys” 1,820 2,260 
Total brass ingot ^ — 66000 69,600 
Refined copper 56,600 54,500 
Copper scrap 71,200 75,900 
!Data аге rounded to no more than three significant digits; may not add to totals 


shown. 
2 ige 
Includes brass and silicon bronze. 


*[ncludes brass, copper nickel, and nickel bronze. 
^Includes special alloys. 


*Includes copper-bismuth and copper-bismuth-selenium alloys. 


TABLE 13 
AVERAGE PRICES FOR COPPER SCRAP, BY TYPE 


(Cents per pound) 


Dealers’ buying (New York) 


Brass mills Refiners No. 2 Red brass turnings 
Year Мо. 1 scrap Мо. 2 scrap scrap and borings 
2011 389.12 350.72 301.67 188.28 
2012 354.19 322.35 289.91 195.35 


Source: American Metal Market. 
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TABLE 18 
U.S. EXPORTS OF COPPER SCRAP, BY COUNTRY' 


Unalloyed copper scrap Соррег-аПоу scrap 
2011 2012 2011 2012 
Quantity Value Quantity Value Quantity Value Quantity Value 
Country (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 
Belgium 14,400 $78,000 23,900 $152,000 14,300 $40,300 15,700 $48,100 
Canada 20,400 177,000 20,000 159,000 38,000 124,000 41,400 140,000 
China 383,000 1,880,000 341,000 1,600,000 557,000 1,570,000 539,000 1,350,000 
Germany 8,470 57,100 22,200 126,000 13,900 87,500 13,400 67,200 
Hong Kong 5,970 31,100 4,820 19,700 29,000 126,000 43,900 104,000 
India 1,690 10,300 1,260 7,230 12,200 42,200 8,880 33,300 
Japan 8,810 62,300 9,470 60,300 7,480 52,100 8,760 40,600 
Korea, Republic of 19,100 150,000 16,400 117,000 17,100 81,700 9,750 39,400 
Mexico 3,150 24,100 3,960 15,500 7,000 45,400 5,340 30,900 
Spain 5,170 41,000 4,270 28,900 11,600 42,800 8,070 27,600 
Taiwan 4,170 22,500 2,990 18,600 3,400 9,660 3,200 7,390 
Other 25,700 ' 173,000 ' 29,400 172,000 27,400 ' 50,200 : 18,200 43,900 
Total 501,000 2,710,000 479,000 2,480,000 739,000 2,280,000 716,000 1,930,000 
"Revised. 


"Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 


TABLE 19 
U.S. IMPORTS FOR CONSUMPTION OF COPPER SCRAP, BY COUNTRY! 


Unalloyed copper scrap Copper-alloy scrap 
Quantity Value? Gross weight Соррег content : Value? 
Country or territory (metric tons) (thousands) (metric tons) (metric tons) (thousands) 
2011 30,400 $171,000 79,400 57,200 $381,000 
2012: 

Bahamas, The 255 713 247 178 613 
Canada 14,300 90,600 32,600 23,500 180,000 
Chile 42 144 192 138 1,070 
China 74 363 665 479 3,200 
. Colombia _____ 57 325 596 429 4,150 
.CostaRica — — — 582 2,470 1,750 1,260 9,870 
. Dominican Republic _ 837 2210 1,330 959 3,580 
El Salvador 921 2,150 1,130 815 2,830 
__ Guatemala _ 558 1,360 2,520 1,810 14,100 
Haiti 123 222 219 158 1,430 
Honduras 53 286 1,100 789 5,770 
Malaysia о 2 = 722 520 4,510 
Мехїсо 9,040 57,300 26,500 19,100 105,000 
Nicaragua 921 3,450 660 476 2,250 
— Panama  — 23 168 949 683 5.410 
Suriname о 430 3,400 75 54 351 
. United Kingdom — — 1,120 3,050 384 276 2,880 
Other 1,090 3,560 2,470 1,780 14,300 
Total 30,500 172,000 74,100 53,300 362,000 

-- Zero. 


"Data are rounded to no more than three significant digits; may not add to totals shown. 
"Cost, insurance, freight value at U.S. port. 
"Content is estimated by the U.S. Geological Survey to be 7296 of gross weight. 


Source: U.S. Census Bureau. 
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ТАВТЕ 20 
COPPER: WORLD MINE PRODUCTION, BY COUNTRY"? 


Albania O Oooo u a aeaaeae 1,700 1,800 2,200 4,900 4,900 
Argentina ____________-- 156,893 143,084 140,001 116,698 136,000 
Concentrates 833,000 831,000 856,000 922,300 914,000 
Leaching, electrowon __ 5300" ___ 23000" мю 3500 S 
Total 886,000 ' 854,000 " 870,000 958,000 958,000 
Azerbaijan -- -- 184 160 300 
Bolivia 731 882 2,063 4,176 9,449 
Botswana O ago __ 2695 _____ 20833 3,929" м 
Brazil: 
Concentrates 218,295 211,692 213,548 218,670 213,800? 
Leaching, electrowon 3,800 6,500 7,400 4,600 7,500 * 
Total 222,095 218,192 220,948 223,270 221,000 * 
Bulgaria’ 105,000 105,000 105,000 105,000 107,900 3 
Burma, leaching, electrowon — 3,500 12,000 10,000 “ 10,000 * 
Сапада: 
Concentrates 605,399 493,700 521,900 565,200 577,700 
Leaching, electrowon 1,600 800 3,200 1,000 900 
Total 606,999 494,500 525,100 566,200 578,600 
Chile: 
Concentrates 3,356,600 3,276,900 3,330,400 3,238,000 3,405,100 
Leaching, electrowon 1,971,000 2,117,500 2,088,500 ' 2,024,800 2,028,800 
Total 5,327,600 5,394,400 5,418,900 ' 5,262,800 5,433,900 
China 
Concentrates 1,070,000 1,040,000 1,160,000 1,270,000 1,600,000 
Leaching, electrowon 20,000 25,000 35,000 35,000 30,000 
Total 1,090,000 1,070,000 1,200,000 1,310,000 1,630,000 
Colombia 1,151 € 1,251 ' 861 ' 890 ' 690 
Сопро (Kinshasa): 
Concentrates? 185,000 * 178,000 160,000 174,000 ' 190,000 
Leaching, electrowon 44,742 167,000 * 270,000 380,000 * 410,000 
Total® 230,000 * 345,000 ' 430,000 554,000 ' 600,000 
Cyprus, leaching, electrowon 2,986 ' 2,380 ' 2,595 ' 3,660 " 4,328 
Dominican Republic 2,109 ' 12,937 ' 10,015" 11,777 ' 11,737 
Finland 13,440 ' 14,600 14,700 16,000 16,000 * 
Georgia 11,000 9,800 6,700 6,300 * 6,300 “ 
P mE 30,600 29,500 35,500 37,700 34,000 
Indonesia" 632,600 998,530 878,376 541,200 ' 398,500 
Iran 
Concentrates 241,000 256,000 249,000 249,000 233,000 
Leaching, electrowon 7,000 7,000 7.000 ' 10,100 12,000 
Total 248,000 263,000 256,000 ' 259,000 245,000 
Kazakhstan: 465,000 455,000 427,000 417,000 424,000 
вам 12,000 12,000 12,000 12,000 12,000 
огеа, Republic о Е 
S a E = 4 14 9 NA NA 
ее = = B 54,019 67,806 59,897 60,000 * 
a A 67,561 64,241 78,859 79,000 * 
en > ape 121,580 132,047 138,756 139,000 * 
Ma ee S , 7,600 7,900 7,600 ' 10,400 
33,073 35,000 ! 37,000 35,281" 37,670 
See footnotes at end of table. : —— ERE 
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Country 
Mexico: 
Concentrates 
Leaching, electrowon 
Total 
Mongolia 
Morocco 
Namibia 


Oman* 


Pakistan 
Papua New Guinea 
Peru: 
Concentrates 
Leaching, electrowon 
Total 


Poland 

Portugal 

Romania” Í 

Russia" 

Saudi Arabia 

Serbia 

South Africa 

Spain: 
Concentrates 
Leaching, electrowon 

Total 


Sweden 


Tanzania, in concentrates and bullion 


Turkey* í 
United States:° 
Concentrates 
Leaching, electrowon 
Total 


TABLE 20— Continued 
COPPER: WORLD MINE PRODUCTION, BY COUNTRY"? 


2008 


172,000 * 

74,500 * 

247,000 * 
126,796 
5,055 
7,471 
2,000 
18,700 
159,650 


1,107,789 
160,078 
1,267,867 
21,235 
429,400 
89,504 
2,000 
750,000 
1,465 
20,800 ' 
108,700 


7,067 


7,067 
97,220: 

2,852 

100,000 


800,000 " 
509,000 * 
1,310,000 


Uzbekistan® 
Vietnam* 
Zambia: 
Concentrates 
Leaching, electrowon 
Total 


95,000 
11,000 ' 


372,000 
161,500 
534,000 


Zimbabwe, concentrates" 
Grand total 


Of which: 


Concentrates 


Leaching, electrowon 


2:827? 
15,600,000 


12,500,000 ' 
3,070,000 ' 


Estimated. "Preliminary. ‘Revised. NA Not available. — Zero. 
Grand total, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to јој нож: 
Represents copper content by analysis of concentrates produced (includes cement copper, if applicable), except where otherwise noted. 
Includes data available through February 4, 2015. 


"Reported figure. 


4 icati і 
Reported by Comisión Chilena del Cobre. Includes recoverable copper content of nonduplicative mine and me 


(Metric tons) 
2009 


173,000 * 

68,000 ' 

241,000 * 
129,800 
12,615 
2,000 
18,500 
166,700 


1,113,454 
162,795 
1,276,249 
49,060 
439,000 
86,500 
1,000 
676,000 
1,719 
23,400 ' 
107,600 


6,987 
5.600 
12,587 
54,602 ' 
3,079 ' 
105,000 


705,000 
476,000 
1,180,000 
95,000 
11,300 


557,000 
141,000 
698,000 

3,572 3 
16,000,000 


12,800,000 
3,270,000 " 


domestic ores and concentrates and leach production for electrowinning. 


5 
Recoverable content. 


"E 
xcludes copper content of pyrite. 


COPPER—2012 


2010 


170,100 " 
100,000 " 
270,000 ' 
124,985 
12,690 


2,000 
18,000 
159,800 


1,094,123 
153,022 
1,247,145 
58,412 
425,400 
74,426 
5.000 
703,000 
1,603 

24,600 ' 
102,600 


17,833 
28,500 
46,333 
76,500 
6,392 ' 
97,000 


679,000 
430,000 
1,110,000 
90,000 
11,300 


540,000 
146,000 
686,000 
4,700 
16,200,000 * 


12,800,000 
3,360,000 ' 


2011 


295,000 ' 
149,000 * 
444,000 * 
121,590 
12,893 
3,600 * 
2,000 
19,000 * 
130,465 


1,094,971 
140,341 
1,235,312 
63,835 
426,700 
79,686 
6,500 
856,200 "3 
1,620 * 
28,000 ' 
96,600 


32,146 
42,100 
74,246 
83,000 
6,748 ' 
80,000 


666,000 ' 

447,000 ' 
1,110,000 

91,500 ? 
11,000 


524,000 
144,000 


668,000 
6,000 
16,300,000 ' 


12,800,000 ' 
3,510,000" 


2012 


343,000 
157,000 
500,000 
121,700 
13,000 * 
4,000 * 
2,000 
19,000 * 
121,000 


1,197,560 
101,007 
1,298,567 
65,444 
427,100 
82,500 Р 
6,500 
883,000 
1,500 * 
34,400 
77,000 * 


26,500 ? 
42,200 Р 
68,700 Р 
83,000 * 
5.840 
90,000 


696,000 
471,000 
1,170,000 
95,600 
11,000 


515,000 
175,000 
690,000 
6,300 
17,000,000 


13,400,000 
3,570,000 


tal products produced from 


20.21 


20.22 


_— ЖБ АКК 2 ee 


en 1-2 нии 
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TABLE 21 
COPPER: WORLD SMELTER PRODUCTION, BY COUNTRY"? 


(Metric tons, gross weight) 
ee c C EE | 2 
Armenia, primary 6,480 6,858 7,644 8,876 9,000 * 
Australia, primary 449,000 ' 422,000 410,000 441,000 ' 421,000 
Austria, secondary 94,200 90,800 92,200 92,200 95,000 * 
Belgium, secondary 124,500 ' 114,400 ' 118,600 112,900 * 113,000 * 
Botswana, primary” 23,146 24,382 22,750 ' 16,100 17,625 
Brazil: 

Primary 191,008 193,899 177,800 178,000 178,000 * 
Secondary 39,000 31,000 28,948 ^ 47,700 48,000 
Тога!“ 230,000 225,000 207,000 226,000 226,000 
Bulgaria: 
Primary 258,500 ' 254,700 ' 229,900 ' 256,300 ' 264,200 
Secondary 22,700 ' 46,100 ' 38,800 ' 82,000 ' 46,300 
Total® 281,000 " 301,000 " 269,000 ' 338,000 ' 311,000 
Canada: 
Primary 443,710" 316,510 318,006 ' 304,724 ' 287,051 
Secondary 41,777 29,733 31,815" 25214" 23,362 
Total 485,487 ' 346,243 349,821 ' 329,938 ' 310,413 
Chile, primary 1,369,200 1,522,300 1,559,800 1,522,300 ' 1,342,400 
China? 
Primary 2,500,000 2,700,000 2,800,000 ' 3,030,000 ' 3,200,000 
Secondary 870,000 1,100,000 1,300,000 1,600,000 1,800,000 
Total 3,370,000 3,800,000 4,100,000 * 4,630,000 " 5,000,000 
Finland: 
Primary 172,354 * 137,710 * 149,000 156,000 156,000 
Secondary 2,000 2,000 2,000 2,000 2,000 
Total 174,000 140,000 151,000 158,000 158,000 
Germany: 
Primary 295,000 286,300 378,700 346,200 ' 339,500 
Secondary 293300 241,500 21240 — 2180007 216800 — 
Total 588,300 533,800 591,100 564,200 ' 556,300 
India: 
Primary 651,000 705,100 748,800 ' 670,000 680,000 
Secondary 11,000 10,000 9.000 7,000 5,000 
Total® 662,000 715,000 758,000 ' 677,000 685,000 
Indonesia, primary 253,300 295,900 276,800 276,200 200,000 * 
Iran:*° 
Primary 180,000 193,000 190,000 185,000 180,000 
Secondary __(_________ 68,000 ' 69,000 ' 91,000 ' 85,000 ' 90,000 
аа 248,000 ' 262,000 ' 281,000 ' 270,000 ' 270,000 
Јарап: 
Primary 1,366,310 1,297,943 1,382,700 1,168,284 1,300,000 * 
Secondary 259,060 243,859 260,200 269,748 300,000 * 
Total 1,625,370 1,541,802 1,642,900 1,438,032 1,600,000 * 
Kazakhstan, undifferentiated 392,575 332,854 318,637 302,975 € 302,197 
Korea, North, undifferentiated" 10,000 ' 10,000 ' 10,000 € 10,000 ' 10,000 
Korea, Republic of: _—$—$$$$ — 
Primary 502,000 455,400 457,900 ' 449,200 ' 477,300 
Secondary 42,000 43,800 ' 65,200 89,800 ' 144,500 * 
Total 544,000 499,000 ' 523,000 ' 539,000 ~ 621,800 * 
Mexico: 
erum oes | 160,700 ' 118,500 ' 233,800 ' 255,900 
TU с - 5,000 Е 5,000 5,000_ И 5,000 
See footnotes at end of table. РА 124,000 © — à 2390007. zm 261 000 
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COPPER: WORLD SMELTER PRODUCTION, BY COUNTRY? 


TABLE 21—Continued 


(Metric tons, gross weight) 


"Estimated. "Revised. NA Not available: 


| 
„Srana total, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
Includes total production of smelted copper metal, including low-grade cathode produced by electrowinning methods. The smelter feed may be 


derived from ore, concentrates, copper precipitate or matte (primary), and (or) scrap (secondary). To the extent possible, p 


Country 208 2 — 200 2 202 
Namibia, primary 16,271 21,543 31,900 43,800 44,000 * 
Oman, primary 11,906 16,000 ' 16,000 ' 20,000 ' 20,000 * 
Pakistan, primary“ 17,800 17,500 17,000 16,500 16,000 
Peru, primary 306,584 325,762 312,968 299,004 290,088 
Philippines, primary 239,700 230,100 216,200 205,000 97,000 
Poland: 

Primary 438,600 427,800 433,900 * 449,000 451,700 
Secondary 43,800 68,800 94,600 ' 82,100 ' 97,200 
Total 482,400 496,600 528,500 * 531,100 ' 548,900 

Russia: 

Primary 630,000 580,000 590,000 596,490 "4 600,000 
Secondary 235,000 220,000 240,000 240,000 ' 242,640 * 
Total 865,000 800,000 830,000 836,000 ' 843,000 

Serbia: 

Primary 20,000 " 22,000 ' 23,000 ' 27,000 ' 33,000 
Secondary 1,000 1,000 1,000 1,000 1,000 
Total 21,000 ' 23,000 ' 24,000 " 28,000 ' 34,000 

Slovakia, secondary 27,500 34,200 46,500 48,800 41,700 * 
South Africa, primary 94,800 86,900 75,900 82,400 ' 60,000 * 
Spain: 

Primary 259,900 260,000 236,000 231,300 231,500 
Secondary" 10,000 10,000 19,000 21,700 21,800 
Total? 270,000 270,000 255,000 253,000 253,000 

Sweden: 

Primary 128,500 126,000 137,000 155,000 155,000 
Secondary 53,800 39,600 42,000 44,000 44,000 
Total" 182,000 166,000 179,000 199,000 199,000 

Thailand, secondary NA‘ МА ' МА ' NA‘ NA 
Turkey, undifferentiated® ° 30,000 ' 25,000 ' 25,000 ' 25,000 " 25,000 
United States, undifferentiated | 574,000 597,000 601,000 538,000 485,000 
Uzbekistan, undifferentiated* 92,000 92,000 92,000 92,000 92,000 
Vietnam, primary" | 2.200 6,000 8,000 8,000 8,000 

Zambia, primary 232,000 * 334,000 490,000 511,000 515,000 
. Grand total | | 14,600,000 14,900,000 15,600,000 ' 15,900,000 " 16,100,000 

Of which: | i 
Primary | 11,300,000 11,400,000 11,800,000 ' 11,900,000 ' 11,800,000 
Secondary | 2,240,000 ' 2,410,000 " 2,700,000 ' 3,070,000 " 3,340,000 
Undifferentiated 1,100,000 1,060,000 " 1,050,000 " 970,000 " 910,000 


rimary and secondary 


Output of each country is shown separately. In some cases, total smelter production is officially reported, but the distribution between primary and 
secondary has been estimated. Includes data available through February 4, 2015. 


3 
Copper content of nickel-copper matte exported to Norway for refining. 


4 
Reported fi gure. 


5 
Data are for year beginning March 21 of that stated. 


6 
Secondary production is estimated to be about one-third of total. 
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TABLE 22 


COPPER: WORLD REFINERY PRODUCTION, BY COUNTRY"? 


— БИ ИЕ. ИЕЛЕНЕ 2 ды a ee ees 


о иди 


____ EICCUUWUM ди 


(Metric tons) 
Country 2008 2009 2010 2011 2012 
Argentina, secondary" 16,000 16,000 16,000 13,000 ° о 13,000 _ 
Australia, primary: 
Electrowon 53,000 23,000 14,400 35,600 44,000 
Other 450,000 423,000 410,000 441,000 ' 417,000 
Total 503,000 446,000 424,400 476,600 ' 461,000 
Austria, secondary 106,700 96,200 113,700 112,500 115,000 * 
Belgium: 
Primary" 233,100 220,600 216,000 226.200 226,000 * 
Secondary 162,700 153,100 165,000 168,000 168,000 * 
Total mM 395,800 373,700 381,000 394,200 394,000 * 
Bolivia, primary 8 215 895 1,034 1,500 
Brazil: 
Primary: 
Electrowon 3,800 6,500 7,400 4,300 4,500 ? 
Other 191,008 193,899 177,800 173,500 174,000 ? 
Total 194,808 200,399 185,200 177,800 178,500 Р 
Secondary 39,000 21,000 ' 23,000 ' 22,800 ' 23,000 " 
Total, primary and secondary 233,808 221,399 ' 208,200 ' 200,600 ' 201,500 P 
Bulgaria: 
Primary 114,200 183,600 195,400 201,100 ' 201,000 * 
Secondary 12,600 13,200 19,600 25,000 25,000 _ 
Total 127,000 197,000 215,000 226,000 ' 226,000 
Burma, primary, electrowon -- 3,500 ' 12,000 * 10,000 ' 10,000 * 
Canada: 
Primary: 
Electrowon 1,600 800 3,200 1,000 900 
Other 398,100 304,500 283,700 247,000 251400 _ 
Total 399,700 305,300 286,900 248,000 252,000 
Secondary 42,400 30,600 |. 32300 25800 à à 2400 
Total, primary and secondary 442,100 335,900 319,200 273,800 276,000 
, primary: 
xm 1,971,000 2,117,500 2,088,500 2,024,800 2,028,800 
Other 1,086,600 1,159,100 1,155,400 1,067,600 873200 . 
Total 3,057,600 3,276,600 3,243,900 3,092,400 2,902,000 
Chinas __________________- 
a MEC MERDA 16,600 ' 17,000 24,000 ' 23,000 ' 30,000 
Other 2,680,000 2,750,000 ' 2,950,000 ' 3,390,000 ' 3,930,000 
— Toad  — 2,700,000 2,770,000 ' 2,970,000 ' 3,410,000 ' 3,960,000 
т о усулу | 1,200,000 1,400,000 1,700,000 1,850,000 i — (C 
Total, primary and secondary 3,900,000 4,170,000 ' 4,670,000 ' 5,260,000 Son А 
Congo (Kinshasa), primary, electrowon 38,632 166,917 ' 264,708 ' 366,000 | nd 
Cyprus, primary, electrowon 2,986 2,380 2,595 ' 3,660 о 
Egypt, secondary? ____________--- 2,842 Í 3,000 * 3,000 3,000 D00: 
inland: | 
Eo o а аи 127,952 95,549 108,700 116,500 ' ип 
Ro oU AMENDMENT 10,000 10,000 4,000 О —— — 36000 = 
Total ООО 0 LLIBMOS)! 105.549 ыо 125500 ree 
ae 300,470 290,200 401,900 401,200 dicen À 
ы _ 389,300 378,745 302,400 ___ 208.00 ___ р = 
Отоа __ 689,770 668,945 704300 | 709,20 |. 686,000* 


See footnotes at end of table. 
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TABLE 22— Continued 
COPPER: WORLD REFINERY PRODUCTION, BY COUNTRY”? 


(Metric tons) 


COPPER—2012 


Country 2008 2009 2010 2011 2012 
India: 
Primary, electrolytic 654,200 705,100 654,900 671,100 670,000 
_ Secondary ; 15,000 10,000 9,000 2,000 10,000 
Total® 669,000 715,000 664,000 673,000 680,000 
Indonesia, primary == 254,000 289,200 278,200 274,900 ' 197,200 
ran: 
Primary: 
__ Electrowon 7,000 7,000 7,000 10,000 13,000 
Other 140,000 150,000 143,000 149,000 136,000 
Total a 147,000 157,000 150,000 159,000 149,000 
Secondary 54,000 ' 53,000 70,000 68,000 76,000 * 
... Total, primary and secondary? 201,000 ' 210,000 220,000 227,000 225,000 
Italy, secondary* 24,200 6,500 2,000 2,000 2,000 
Japan: 
Primary Ki 1,328,157 1,238,012 1,333,787 ' 1,094,360 1,262,000 
_ Secondary 211,681 201,831 214,901 ' 233,238 230,000 
Total 1,539,838 1,439,843 1,548,688 ' 1,327,598 1,492,000 
Kazakhstan, primary 398,411 312,767 ' 323,368 ' 338,346 338,346 
Korea, North, primary x 10,000 ' 10,000 ' 10,000 ' 10,000 ' 10,000 
Korea, Republic of: 
Primary 489,000 ' 448,600 ' 462,200 ' 486,900 ' 493,200 
Secondary 42,000 ' 90,300 ' 97,000 ' 106,600 ' 96,200 
Total 531,000 ' 538,900 ' 559,200 ' 593,500 ' 589,400 
Laos, primary, electrowon 64,075 67,561 64,241 78,859 78,900 * 
Macedonia, primary -- -- = - 2,300 
Mexico: ROT UC — E CR LU RAE e US 
Primary: "^ y 
Electrowon* 74,500 68,000 ' 100,000 ' 149,000 ' 157,000 
Other 215,500 190,000 156,600 251,000 ' 215,300 
Total 290,000 258,000 ' _ 256,600 ' 400,000 ' 372.300 
Зесопдагу“ e 5,000 ' 5,000 5,000 ' 5,000 5.000 
— Total, primary and secondary* ж, 295,000 ' 263,000 ' 262,000 ' 405,000 ' 377,000 
Mongolia, primary, electrowon 2,587 2,470 2,720 * 2,360 ' 2.260 
Norway, primary" i 32,000 * 30,000 40,000 ' 40,000 40.000 
Oman, primary" 12,000 15,000 ' 15,000 ' 16,000 16,000 
ee T E dd 162,795 ' 153,022 140,341 101,007 
uU с. К. „- еа н ____ 303,853 260,618 ' 240,616 227,320 210.119 
TEE | 463,933 423,413 ' 393,638 367,661 311,126 
прртез, prima г , 
a primary 174,600 178,000 _ 171,900 164,000 90,400 
Primary = 483,000 433,600 452,700 489,000 ' 464.900 
Secondary 43,800 68,800 94,300 81,900 ' 99.400 
ota у 
Romania x = —— — —À 526,800 502,400 547,000 570,900 ' 564.300 
Primary "Hd 10,323 "4 3,000 * -- a 
_ Secondary 3 р | 3,000 1,000 -- -- я 
Total 13,300 ' E MEE —— 
Russia: EST ч ~ - 
Primary = 59 г 
Secondary э. RON М n. от 
000 ' 2 280: 218,000 250,000 ' e 
Total 860,000 ' 862,000 874,000 CUT =20,000 
See footnotes at end of table. Sus = CUN. ; аЙ 875,000 • 
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TABLE 22—Continued 
COPPER: WORLD REFINERY PRODUCTION, BY COUNTRY"? 


2011 


25251' 

3,198 ' 
28,449 ' 
86,166 ' 


42,100 * 
225.700 
268,000 * 

86,000 
354,000 


179,316 
40,000 


2012 


32,229 
2,473 

34,702 

66,000 * 


42,100 * 
226,000 * 
268,000 * 

86,000 
354,000 


180,000 * 


 —ÓÓÓ— ————————————_————————_—_ 


(Metric tons) 
Country 2008 2009 2010 
Serbia: 
Primary | 18,550 ' 18,875 ' 21,240 ' 
Secondary 2,641 ' 1,186 ' 963 ' 
Total КЕ 21,191" 20,061 ' 22,203 ' 
South Africa, primary 92,972 89.453 81,129 
Spain: 
Primary: 
Electrowon -- 5,600 28,500 
Other 257,000 250,200 236,000 
Total 257,000 255,800 264,500 
Secondary 62,000 73,000 82,900 
Total, primary and secondary 319,000 329,000 347,000 
Sweden: 
Primary 184,674 164,759 150,497 
Secondary" _ 43,100 * 41,000 * 40,000 
Total® о 22774 4 205,759 5 | 190,000 
Taiwan, secondary 4,500 4,500 4,500 


Thailand, secondary 


EE uA A ERE IER 


NA' 


NA‘ 


219,000 
4,500 
МА ' 


220,000 
4,500 


— ——————Mr——Ó—Á 


Primary 83,000 29,000 ' 50,000 80,000 75,000 
Secondary 5.000 4,000 5.000 5.000 5.000 
Total 88,000 33,000 ' 55,000 85,000 80,000 
Ukraine, secondary ЕЕ 20,000 20,000 20,000 20,000 20,000 
United States: 
Primary: РЕМ 
Electrowon 508,000 ' 416,000 430,000 447,000 471,000 
Other | 713,000 636,000 627,000 545,000 491,000 _ 
Total 1.220,000 1,110,000 1,060,000 992,000 962,000 
_ Secondary m 53,800 46,400 37,700 37,300 39,500 
Total, primary and secondary 1,270,000 1,160,000 1,090,000 1,030,000 1,000,000 
Uzbekistan, primary" 71,000 80,000 90,000 90,000 90,000 
Vietnam, primary” 2,200 * 6,000 8,000 8,000 8,000 
Zambia, primary: _ 
= БЕС 175,000 145,400 * 160,000 146,000 190,000 
Other 240,000 269,000 ^ 370.000 370,000 340,000 
Тога 415,000 414,400 * 530,000 516,000 530,000 
Zimbabwe, primary 3,072 4,000 ' 4,545 ' 4,355 ' 900 * 
Grand total 18,300,000 18,300,000 19,100,000 19.700,000 20,100,000 
„ Of which: 2—1 у ee us 
m | uM 3,730,000 ' 3,980,000 ' 4,020,000 € 4,160,000 ' 4,310,000 
Other m 11,700,000 ' 11,300,000 ' 11,800,000 ' 12,100,000 * — 12,200,000 
Total 15,400,000 ' 15,300,000 ' 15,800,000 ' 16,200,000 ' 16,500,000 
^ Secondary | Е 2,820,000 3,000,000 ' 3,280,000" _ 3,480,000 ' 3,560,000 __ 
"Estimated. "Preliminary. ‘Revised. NA Not available. -- Zero. 


! Grand total, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


?Includes total production of refined copper whether pro 
unrefined copper or from scrap. Copper cathode derived 


"Reported figure. 
*May include secondary. 


duced by pyrometallurgical ог electrolytic refining methods and whether derived from primary 


from electrowinning processing is also included. Includes data available through February 4, 2015. 
Includes reprocessed leach cathode from Congo (Kinshasa). 


6Covers only high-grade electrowon cathodes reported as “finished production leach cathodes.” 
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DIAMOND, INDUSTRIAL 


By Donald W. Olson 


Domestic survey data and tables were prepared by Connie Lopez, statistical assistant, and the author. The world production 
tables were prepared by Glenn J. Wallace, international data coordinator. 


In 2012, U.S. synthetic diamond production was estimated 
to be 103 million carats (Mct) with an estimated value of 
$70.6 million (table 1). U.S. imports of natural and synthetic 
industrial diamond bort, dust, grit, powder, and stone totaled 
1,180 Mct valued at $194 million, and exports totaled 
154 Mct valued at $77.3 million (table 1). The estimated U.S. 
apparent consumption of industrial diamond bort, dust, grit, 
powder, and stone totaled 1,170 Mct with an estimated value 
of $206 million (table 1). Total industrial diamond output 
worldwide was estimated by the U.S. Geological Survey 
(USGS) to be 4.52 billion carats (Gct) valued between $1.65 and 
$2.50 billion. This was the combination of more than 36.0 Mct 
of natural industrial diamond and about 4.48 Gct of synthetic 
industrial diamond (table 1). 

Diamond is best known as a gemstone, but some of its 
unique properties make it ideal for many industrial and research 
applications. Current information on gem-grade diamond can 
be found in the USGS Minerals Yearbook, volume I, Metals and 
Minerals, chapter on gemstones. Diamond that does not meet 
gem-quality standards for clarity, color, shape, or size is used 
as industrial-grade diamond. Total production and consumption 
quantities and values in table 1 are estimated based on past 
and current reported data. Trade data in this report are from 
the U.S. Census Bureau. All percentages in the report were 
computed using unrounded data. The USGS does not conduct 
surveys of domestic polycrystalline diamond (PCD) producers 
or domestic chemical vapor deposition (CVD) diamond 
producers for quantity or value of annual production. Also, trade 


and consumption quantity and value data are not available for 
PCD or for CVD diamond. 


Production 


The USGS conducts an annual survey of domestic industrial 
diamond producers and U.S. firms that recover diamond wastes. 
Although most of these companies responded to the 2012 
survey, one ofthe two companies that are producers of synthetic 
industrial diamond and one of the three industrial diamond 
recycling firms did not. Production amounts and values for 
the nonreporting companies were estimated based on industry 
production trends, reports from some producers and other 
Industry Sources, and discussions with consultants within the 
industrial diamond industry. 

As one of the world’s leading producers of synthetic industrial 
diamond, the United States accounted for an estimated output of 
103 Ме valued at more than $70.6 million in 2012. Only two 
companies produced synthetic industrial diamond during 

e year—Diamond Innovations, Inc. (Worthington, OH) and 

Mypodiamond, Inc. (Smithfield, PA). 
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In 2012, at least eight U.S. companies also manufactured PCD 
from synthetic diamond grit and powder. These companies were 
Dennis Tool Co. (Houston, TX), Diamond Innovations, Novatek 
Inc. (Provo, UT), Precorp Inc. (Provo), Sii MegaDiamond Inc. 
(Provo), Tempo Technology Corp. (Somerset, NJ), US Synthetic 
Corp. (Orem, UT), and Western Diamond Products LLC 
(Salt Lake City, UT). 

In the early 2000s, Apollo Diamond, Inc., near 
Boston, MA, developed and patented a method for growing 
single, extremely pure, gem-quality diamond crystals by 
chemical vapor deposition (CVD). The CVD technique 
transforms carbon into plasma, which is then precipitated onto 
a substrate as diamond. CVD had been used for more than 
a decade to cover large surfaces with microscopic diamond 
crystals, but in developing this process, Apollo Diamond 
discovered the temperature, gas composition, and pressure 
combination that resulted in the growth of a single diamond 
crystal. Apollo Diamond produced laboratory-created stones 
that ranged from 1 to 2 carats (ct). Apollo Diamond sold its 
large-stone diamonds at prices that averaged less than those 
of comparable quality natural diamonds. During 2011, Apollo 
Diamond ceased manufacture of single-crystal CVD diamond 
for gemstone and industrial use. During 2011 and 2012, SCIO 
Diamond Technology Corp. (Greenville, SC) acquired all 
Apollo's diamond growing equipment and machines, cultured 
diamond gemstone-related technology, inventory, and various 
intellectual property rights (SCIO Diamond Technology Corp. 
2012). SCIO Diamond designed and built a new production | 
facility in Greenville, SC, and relocated а! production 
equipment from Massachusetts to South Carolina. Production 
began in July 2012, and over the next 9 months, SCIO 
Diamond produced more than 15,000 ct of laboratory- 
single-crystal rough diamond. SCIO Diamond be 
laboratory-created CVD rough diamonds in Sept 
(SCIO Diamond Technology Corp., 2013). 

| During 2012, an estimated 36.8 Мег of used industrial 
diamond worth about $1 8.7 million (table 1) was recycled in the 
United States. Recycling firms recovered most of this material 
from used diamond drill bits, diamond tools, and other diamond 
containing wastes. Additional diamond was recovered durin dE 
the year from residues generated in the manufacture of PCD: 

The recovery and sale of industrial diamond was the prin i 
business of three U.S. companies in 2012—Industrial Da е 
Laboratory, Inc. (Bronx, NY), International Diamond ees 
Inc. (Houston, TX), and National Research Co. (Fraser Шш. 
In addition to these companies, other domestic firms may г 
recovered industrial diamond in smaller secondary bead 


created 
gan shipping 
ember 2012 


No commercial diamond mines operated in the United States 
during 2012. The last commercially operated diamond mine in 
the United States closed in 2002 and was fully reclaimed. 


Consumption 


Diamond is the hardest known material and has the highest 
thermal conductivity of any material at room temperature. 
Diamond is more than twice as hard as its nearest competitors, 
cubic boron nitride and silicon nitride. Because of its hardness, 
diamond has been used for centuries as an abrasive in cutting, 
drilling, grinding, and polishing. Industrial-grade diamond 
continues to be used as an abrasive for many applications. 
Even though it has a higher unit cost than alternative abrasive 
materials, diamond has proven to be more cost-effective in 
many industrial processes because it cuts faster and lasts 
longer than alternatives. Diamond also has chemical, electrical, 
optical, and thermal characteristics that make it the best material 
available to industry for wear- and corrosion-resistant coatings, 
special lenses, heat sinks in electrical circuits, wire drawing, 
computing, and other advanced technologies. 

Synthetic and natural diamonds have industrial uses. 
Synthetic industrial diamond is superior to its natural diamond 
counterpart because its properties can be tailored to specific 
applications, and it can be produced in large quantities. 

The United States remained the world's leading market for 
industrial diamond in 2012. Based on production estimates and 
trade data, U.S. apparent consumption of industrial diamond 
during the year increased by 64% to an estimated 1,170 Mct 
valued at $206 million compared with 714 Mct valued at 
$161 million in 2011 (table 1). This increase was owing to 
industrial sectors that consume industrial diamond beginning 
to recover from the economic recession and a decrease in the 
average cost of natural industrial diamond imports. Apparent 
consumption was the combination of 609 Mct of natural 
industrial diamond valued at $120 million and 561 Mct of 
synthetic industrial diamond valued at $85.5 million. By type, 
apparent consumption was the combination of 1,110 Mct of 
diamond bort, dust, grit, and powder valued at $113 million and 
62.3 Mct of diamond stone valued at $92.6 million. 

The major consuming industrial sectors of industrial diamond 
cutting and drilling tools and abrasives in the United States 
during 2012 were construction, machinery manufacturing, 
mining services (exploration drilling for minerals, natural gas, 
and oil), stone cutting/polishing, and transportation systems | 
(infrastructure and vehicles). Within these sectors, stone cutting 
and highway building/repair, combined, accounted for the | 
majority of demand for industrial diamond. Research and high- 
technology uses included close-tolerance machining of ceramic 
parts for the aerospace industry, heat sinks in electronic circuits, 
lenses for laser radiation equipment, polishing of silicon wafers 
and disk drives, and other applications in the computer industry. 

Diamond tools have numerous industrial functions. Diamond 
drilling bits and reaming shells are used principally for 
minerals, natural gas, and oil. Other applications of diamond 
bits and reaming shells include foundation testing, masonry 
drilling, and inspecting concrete. The primary uses of point 
diamond tools are for dressing and truing grinding wheels 
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and for boring, cutting, finishing, and machining applications. 
Beveling glass for automobile windows is another application. 
Cutting dimension stone and cutting/grooving concrete in 
highway reconditioning are the main uses of diamond saws; 
other applications include cutting composites and forming 
refractory shapes for furnace linings. Very fine diamond saws 
are used to slice brittle metals and crystals into thin wafers 
for electronic and electrical devices. Diamond wire dies are 
essential for high-speed drawing of fine wire, especially from 
hard, high-strength metals and alloys. The primary uses of 
diamond grinding wheels include edging plate glass, grinding 
dies, grinding parts for optical instruments, and sharpening and 
shaping carbide machine tool tips. 

Two types of natural diamond are used by industry—diamond 
stone (generally larger than 60 mesh/250 micrometers) and 
diamond bort (smaller, fragmented material). Diamond stone 
is used mainly in drill bits and reaming shells used by mining 
companies; it also is incorporated in single- or multiple-point 
diamond tools, diamond saws, diamond wheels, and diamond 
wire dies. Diamond bort is used for drill bits and as a loose 
grain abrasive for polishing. Other tools that incorporate natural 
diamond include bearings, engraving points, glass cutters, and 
surgical instruments. 

Synthetic diamond grit and powder are used in diamond 
grinding wheels, saws, impregnated bits and tools, and as a 
loose abrasive for polishing. Diamond grinding wheels can be as 
large as 1 meter in diameter. 

Loose powders made with synthetic diamond for polishing 
are used primarily to finish cutting tools, drill bits, gemstones, 
jewel bearings, optical surfaces, reaming shells, silicon wafers, 
and wire-drawing dies for computer chips. Hundreds of other 
products made from ceramics, glass, metals, and plastics also 
are finished with diamond powders. 

Two types of PCDs used by industry are polycrystalline 
diamond compacts (PDCs) and polycrystalline diamond shapes 
(PDSs). The use of PDCs and PDSs continues to increase for 
many of the applications cited above, including some of those 
that employ natural diamond. PDCs and PDSs are used in the 
manufacture of single- and multiple-point tools, and РОС$ аге 
used in a majority of the diamond wire-drawing dies. 

Since its introduction in the mid-1980s, CVD diamond has 
seen strong growth and has been increasingly accepted by 
multiple industries as an enhanced material of choice owing to 
its properties of exceptional strength, durability, stiffness, high 
thermal conductivity, and electrical isolation. The global market 
value of industrial diamond and diamond-like films and coatings 
was estimated to have been more than $905 million in 2010, and 
was expected to increase to more than $1.7 billion by 2015. 

Early applications for CVD diamond focused largely — — 
around thin- and thick-film PCD for cutting tools and isi 
applications because of the mechanical properties of damon - 
Newer applications that take advantage of CVD diamond's | 
mechanical properties include wear parts, such as watch gear 4 
and chemical mechanical polishing pad conditioners. Diamon 
has tremendous potential for electronics applications id 
it significantly improves upon current strategies for Е 
management while remaining highly cost-competitive Ул » 
other approaches. CVD diamond is used in microelectron! 
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components, such as high-speed processors, medical devices, 
wide bandgap radio frequency (RF) devices, power conversion 
devices, and opto-electronic devices (light emitting diodes, laser 
diodes) that generate exceptionally high heat densities requiring 
innovative approaches to thermal management. Diamond 
coatings are finding increasing use in these applications because 
the thermal conductivity of diamond 1$ 10 times that of silicon. 
In the manufacture of semiconductors, wafer scale diamond 
offers enhanced mechanical properties, such as significantly 
higher stiffness, strength, hardness, thermal conductivity, and 
chemical inertness, compared with silicon and most other 
commonly used thin-film materials. Micro-electro-mechanical 
systems (MEMS), such as RF MEMS resonators, have design 
needs that offer a compelling case for the use of diamond 

as a base material because of its high Young's Modulus and 
durability in harsh environments. Researchers are investigating 
the use of boron-doped diamond (BDD) electrodes for water 
treatment owing to diamond's potential as an environmentally 
friendly, high-performance electrode material. BDD electrodes 
have many characteristics that make them ideal for eliminating 
organic contaminants from water (Zimmer, 2011). 

Historically, diamond has been perceived as an expensive 
material. Advances in CVD diamond manufacturing such as 
the development of microwave carbon plasma technology and 
the development of higher throughput hot filament (HF) CVD 
diamond reactors have significantly reduced diamond costs. 

This led many industries to revisit development activities and 
actively pursue the use of CVD diamond for an increasing 
number of applications (Zimmer, 2011). 

In addition to the existing opportunities for their cultured 
diamond gemstones, SCIO Diamond was developing the use of 
single-crystal CVD diamond materials in high-voltage power 
switches, lasers, quantum communications and computing, and 
water treatment and purification. SCIO Diamond reported that 
these projects could translate into market opportunities exceeding 
$1 billion and high-volume technology applications in the next 
210 5 years (SCIO Diamond Technology, Corp., 2012). 


Prices 


Although diamond prices remained at historically high levels 
during 2012, they decreased from the record levels of 2011. 
Diamond prices began to drop in September 2011, and prices 
of rough diamonds remained at a lower level throughout 2012. 
This was due to a combination of factors including declining 
marginal demand from the emerging consumer markets of China 
and India; the impact of the relatively weak U.S. economy and 
the financial crisis in the European Union; the devaluation of 
the Indian rupee; and the pricing policies of the main producers, 
De Beers' subsidiary Diamond Trading Co. (DTC) and 
ALROSA, refusing to drop prices despite their clients' struggle 
to retain profitability. By mid-2012, the clients began rejecting 
their rough diamond allocations, and DTC and ALROSA were 
forced to reduce prices (Botswana Diamonds PLC, 2013). 

Factors that affect the prices of natural gemstone diamond affect 
prices of natural industrial diamond as well (Roffman, 201 1). 

| Natura] and synthetic industrial diamonds differ significantly 
In price. Natural industrial diamond normally had a more limited 
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range of values, from about $0.49 per carat for bort size material 
to about $2.50 to $10 per carat for most stones, with some 

larger stones having sold for $200 per carat or more. Prices of 
synthetic diamond vary according to size, shape, crystallinity, 
and the absence or presence of metal coatings. In general, prices 
for synthetic diamond for grinding and polishing ranged from 

as low as $0.26 per carat to $2.50 per carat. Strong and blocky 
material for sawing and drilling sold for $2.50 to $4.00 per carat. 
Large, synthetic crystals with excellent structure for specific 
applications sold for several hundred dollars per carat. During 
2012, U.S. imports of all types of industrial diamond had 

an average value of $0.16 per carat. These imports were a 
combination of imports of diamond bort, dust, grit, and powder 
(natural and synthetic) that had an average value of $0.13 per 
carat and imports of diamond stone (natural and synthetic) that 
had an average value of $15.30 per carat. These average unit 
values for imported diamond material were lower than and 
undercut the average reported prices for the same size fractions 
of domestically produced diamond listed above. 


Foreign Trade 


The United States continued to lead the world in industrial 
diamond trade in 2012; imports were received from 30 countries 
and exports and reexports were sent to 31 countries (tables 2—5). 
Although the United States has been a major producer of 
synthetic diamond for decades, expanding domestic markets 
have become more reliant on foreign sources of industrial 
diamond in recent years. U.S. markets for natural industrial 
diamond have always been dependent on imports and secondary 
recovery operations because natural diamond has not been 
produced domestically. 

During 2012, U.S. imports of industrial-quality diamond 
stones (natural and synthetic) decreased by 5% from those of 
2011 to 2.33 Мег valued at $35.7 million (table 2). Imports 
of diamond dust, grit, and powder (natural and synthetic) 
increased from those of 2011 to 1,180 Mct valued at 
$158 million (table 3). 

Reexports account for a significant portion of total exports; 
therefore, exports and reexports are listed separately in tables 
4 and 5 so that U.S. trade and consumption can be calculated 
more accurately. During 2012, the United States di 
industrial diamond stones, unchanged from 2011. U.S. reexports 
of industrial diamond stone decreased by 39% from those of 
2011 to 0.77 Мег valued at $33.3 million and an average value 
of $43.00 per carat (table 4). U.S. exports of industrial diamond 
dust, grit, and powder (natural and synthetic) increased by 3% 
from those of 2011 to 154 Mct valued at $77.3 million and 
an average value of $0.50 per carat. Reexports of industria] 
diamond dust, grit, and powder (natural and synthetic) increased 
by 3% from those of 2011 to 19.0 Mct valued at $10.5 milli ч 
and an average value of $0.55 per carat (table 5), | 07 


d not export 


World Industry Structure 


Global natural diamond production in 
during 2012 to 128 Mct. The world's 
producers, in decreasing order of qua 


creased by 494 


leading rough diamond 
ntity produced, were 


as follows: Russia, producing 34.9 Мег or 27% of total world 
production; Congo (Kinshasa), with 21.5 Mct (1796); Botswana, 
with 20.6 Mct (16%); Zimbabwe, with 12.1 Mct (9%); Canada, 
with 10.5 Mct (896); Australia, with 9.18 Mct (796); Angola, 
with 8.33 Mct (796); South Africa, with 7.08 Mct (696); and 
other countries, with 3.86 Mct (396) (table 6). Total natural and 
synthetic industrial diamond output worldwide was estimated 
by the USGS to be about 4.52 Gct (table 1) valued between 
$1.65 and $2.50 billion. 

In 2012, natural industrial diamond was produced in 
12 countries (tables 6). Natural industrial diamond production 
worldwide was estimated to be more than 36.0 Mct, a 3% increase 
compared with that of 2011. Russia was the leading producing 
country, followed by Australia, Botswana, and South Africa, 
in descending order of quantity. These four countries produced 
almost 94% of the world's natural industrial diamond (table 6). 
Synthetic industrial diamond production worldwide was estimated 
to be more than 4.48 Gct, a slight increase compared with that of 
2011. China was the leading producing country, followed by the 
United States, Russia, Ireland, and South Africa, in descending 
order of quantity. These five countries produced about 98% of the 
world's synthetic industrial diamond. 

In 2012, 97% of the total global natural and synthetic 
industrial diamond output was produced in China, Ireland, 
Russia, South Africa, and the United States. Synthetic diamond 
accounted for more than 99% of global diamond production 
and consumption. 

Global natural diamond production increased by 4% during 
2012 to 128 Mct. The world's leading rough diamond producers, 
in decreasing order of quantity produced, were as follows: 
Russia, producing 34.9 Mct or 27% of total world production; 
Congo (Kinshasa), with 21.5 Mct (17%); Botswana, with | 
20.6 Ме! (16%); Zimbabwe, with 12.1 Mct (996); Canada, with 
10.5 Mct (896); Australia, with 9.18 Mct (796); Angola, with 
8.33 Mct (7%); South Africa, with 7.08 Mct (6%); and other 
countries, with 3.86 Mct (3%) (table 6). 

Worldwide diamond exploration spending increased by 16% 
in 2012 with 65 companies allocating $520 million, compared 
with 70 companies allocating $449 million during 201 1. The 
diamond share of overall worldwide mineral exploration | 
spending was 2.5%. Africa was the leading diamond exploration 
location (SNL Metals Economics Group, 2012). 

Worldwide in 2012, average diamond values decreased 
by 13.996 to $100.00 per carat from the 2011 average 
value of $116.19 per carat. This decrease was influenced 
during the first half of the year by fears of global recession 
stalling demand in the Far East and India. During the 
second half of the year, prices were influenced by slow | 
economic growth in China and economic decline in India 
(SNL Metals Economics Group, 2015. — 

Two new diamond projects were commissioned in 2012. The 
Karowe Mine in Botswana began operation, and the us 
of the Koidu Mine in Sierra Leone was commissioned in early 
2012 (SNL Metals Economics Group, 2013). 
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Botswana.—Commissioning of Lucara Diamond 
Corporation's Karowe Mine was completed in May 2012, 
and commercial production began in July 2012. During 2012, 
production was 303,060 ct, and when ramped up to full capacity 
in 2013, production was expected to be 400,000 carats per year 
(ct/yr) (SNL Metals Economics Group, 2013). 

Canada.—Canada's diamond production was 10.5 Mct 
during 2012, a decrease of 3% compared with that of 2011. 
Diamond exploration continued in Canada, with several 
commercial diamond projects and additional discoveries in 
Alberta, British Columbia, the Northwest Territories, the 
Nunavut Territory, Ontario, and Quebec. In 2012, Canada 
produced 8% of the world's combined natural gemstone and 
industrial diamond output. 

The Ekati Diamond Mine produced 1.45 Mct of diamond 
from 4.24 million metric tons (Mt) of ore. This was a 2996 
decrease compared with that of 2011. Approximately 2196 
of the Ekati 2011 diamond production was industrial-grade 
material (BHP Billiton Ltd., 2013, p. 10). During 2012, Harry 
Winston Diamond Corp. entered into an agreement with BHP 
Billiton Canada Inc. to purchase BHP Billiton's diamond 
assets, which included its 80% controlling interest in the Ekati 
Diamond Mine and its diamond sorting and sales facilities for 
$500 million (DeMarco, 2012). 

The Diavik Diamond Mine produces an average of 2 Mt 
of ore per year, grading an average of 3.1 carats per metric 
ton (ct/t). During 2012, Diavik produced 7.2 Mct of rough 
diamond. At yearend 2012, Diavik estimated the mine's 
remaining proven and probable reserves to be 18.3 Mt of 
ore in kimberlite pipes containing 2.9 ct/t of diamond and 
projected the total mine life to be 16 to 22 years. Diavik began 
developing an underground mine and substantially completed 
construction on the project during 2009. The first ore was 
produced from the underground mine during the first quarter 
of 2010, with full production expected in 2013. The mine is an 
unincorporated joint venture between Diavik Diamond Mine 
Inc. (60%) and Harry Winston Diamond Mines Ltd. (40%) 
(Diavik Diamond Mine Inc., 2013, p. 6). 

The Snap Lake Mine, in the Northwest Territories, is wholly 
owned by De Beers Canada Inc. The Snap Lake deposit isa - 
tabular-shaped kimberlite dyke rather than the typical kimberlite 
pipe. The dyke is 2.5 meters thick and dips at an angle of 12? to 
15°. The mine's production for 2012 was 870,000 ct (De Beers 
Canada Inc., 2011; De Beers Group Inc., 2013, p. 23). 

The Victor Mine, in northern Ontario on the James Bay 
coast, also is wholly owned by De Beers Canada. The Victor 
kimberlite consists of two pipes with surface area of 15 hectares. 
The Victor reportedly has 27.4 Mt of ore with average ore grade 
of 0.23 ct/t estimated minable reserves. At full capacity, the 
open pit mine was expected to produce 600,000 ct/yr, and the — 
mine life was expected to be about 12 years. In 2012, the mine 
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production was 690,000 carats (De Beers Group Inc., 2013, 
p.23; De Beers Canada Inc., undated). 

Sierra Leone.—An expansion of ће Koidu Mine, wholly 
owned by Koidu Holdings SA, involved the redevelopment of 
the КІ kimberlite pipe and commissioning of a new plant to 
increase capacity to 500,000 ct/yr from 120,000 ct/yr. The plant 
was commissioned in September 2012 (SNL Metals Economics 
Group, 2013, p. 26). 


Outlook 


China is expected to remain the world's leading producer of 
synthetic industrial diamond, with annual production exceeding 
4 Gct. The United States is likely to continue to be one of 
the world's leading markets for industrial diamond into the 
next decade and likely will remain a significant producer and 
exporter of synthetic industrial diamond as well. U.S. industrial 
diamond production and apparent consumption are expected to 
continue to increase as manufacturing sectors that use industrial 
diamond recover from the negative effects of the economic 
recession that started in mid-2008. U.S. demand for industrial 
diamond is likely to continue in the construction sector as the 
United States continues building and repairing the Nation's 
highway system. 

Diamond offers many advantages for precision machining and 
longer tool life. In fact, even the use of wear-resistant diamond 
coatings to increase the life of materials that compete with 
diamond is a rapidly growing application. Increased tool life not 
only leads to lower costs per unit of output but also means fewer 
tool changes and longer production runs. In view of the many 
advantages that come from increased tool life and reports that 
diamond film surfaces can increase durability, much wider use 
of diamond as an engineering material is expected. 

PCD for abrasive tools and wear parts is likely to continue 
to replace competing materials in many industrial applications 
by providing closer tolerances as well as extending tool life. 

For example, PDCs and PDSs will continue to displace natural 
diamond stone and tungsten carbide products used in the drilling 
and tooling industries. 

CVD technology can produce extremely pure diamond 
crystals that have great potential in computer technology in 
the production of diamond computer chips when their cost 
becomes competitive. These diamond computer chips will 
Work at a much higher frequency or faster speed and can be 
placed in a higher temperature environment than the silicon 
chips currently used in computers. Eventually, they may replace 
silicon chips in computers. CVD diamonds annealed using the 
low-pressure/high-temperature microwave plasma process may 
have applications in high-pressure research, optical applications 
that take advantage of the outstanding transparency of diamond, 
and in quantum computing to store quantum information in 
vacancy centers in the diamond’s crystal lattice. 

CVD diamond is likely to be used to provide a better and 


m ~: . . . E О 
ore efficient alternative process to existing water purification 


Processes. This technology will use single-crystal diamond 
electrodes for electroche 


mical water purification. 
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Truing and dressing applications will remain a major domestic 
end use for natural industrial diamond stone. Stones for these 
applications have not yet been manufactured economically. 

No shortage of the stone is anticipated, however, because new 
mines and more producers selling in the rough diamond market 
will maintain ample supplies. More competition introduced by 
the additional sources also may temper price increases. 

Demand for synthetic diamond bort, dust, grit, and powder is 
expected to remain greater than for natural diamond material. 
Constant-dollar prices of synthetic diamond products probably 
will continue to decline as production technology becomes more 
cost effective. The decline is even more likely if competition from 
low-cost producers in China and Russia continues to increase. 


References Cited 


BHP Billiton Ltd., 2013, BHP Billiton production report for the 
half year ended 31 December 2012: Melbourne, Australia, BHP 
Billiton Ltd. news release, January 23, 19 p. (Accessed July 31, 2013, at 
http://www.bhpbilliton.com/home/investors/news/Pages/Articles/BHP- 
Billiton-Exploration-and-Development-Report-for-the-Quarter-Ended-31- 
December-2012.aspx.) 

Botswana Diamonds PLC, 2013, Overview of the diamond market in 
the 2nd half of 2012 and a look forward as to what to expect in 2013: 

Dublin, Ireland, Botswana Diamonds PLC, January 21, 5 p. (Accessed 
February 10, 2014, at http://www.botswanadiamonds.co.uk/res/file/ 
diamond-market-h2-2012.pdf.) 

De Beers Canada Inc., 2011, Snap Lake Mine fast facts: Yellowknife, Northwest 
Territories, Canada, De Beers Canada Inc. fact sheet, September, 1 p. 
(Accessed December 9, 2011, at https://www.canada.debeersgroup.com/pdf/ 
fast_facts_slm.pdf.) 

De Beers Canada Inc., [undated], Victor Mine fast facts: Timmins, Ontario, 
Canada, De Beers Canada Inc. fact sheet, 1 p. (Accessed December 9, 2011 
at https://www.canada.debeersgroup.com/pdf/fast_facts_vm.pdf.) | 

De Beers Group Inc., 2013, Operating and financial review 2012: London, 
United Kingdom, De Beers UK Ltd., February 10, 32 p. (Accessed 
July 31, 2013, at http://www.debeersgroup.com/ImageVaultF iles/ 

id 2064/cf 5/2012 OFR.pdf.) 

DeMarco, Anthony, 2012, Harry Winston to purchase Ekati Diamond Mine 
for $500 million: Forbes, November 13. (Accessed January 22, 2013, at 
http://www. forbes.com/sites/anthonydemarco/2012/11/] 3/harry- | 
purchase-ekati-diamond-mine-for-500-million/.) 

Diavik Diamond Mine Inc., 2013, 2012 sustainable development report: 
Yellowknife, Northwest Territories, Canada, Diavik Diamond Mine 
Inc. media release, June 30, 28 p. (Accessed December 1l, 2013, at 
http://www.diavik.ca/documents/2012 Sustainable Development 
Report.pdf.) < ё 

Ко тап, Steve, 2011, Natural industrial diamonds—U 
winter, p. 22. 

SCIO Diamond Technology Corp., 2012, SCIO Diamond Technology 
releases letter to shareholders: Greenville, SC, SCIO Diamond 
Как ке Corp. press release, January 4. (Accessed July 31, 2013. at 

ttp://www.sciodiamond.com/scio-diamond-t = 
shareholders.html.) ond-technology-releases-letter-to. 

SCIO Diamond Technology Corp., 2013, SCIO Diamond announces 
documentary and production status: Greenville, SC, SCIO Diamond 
Technology Corp. press release, April 18. (Accessed July 31, 2013, at 
http://www.sciodiamond.com/scio-diamo | 
production-status.html.) 

SNL Metals Economics Group, 2012, Trends in worldwide ex 
Metals Economics Group Strategic Report, v. 25, no. 6, No 
p. 1-10. 

SNL Metals Economics Group, 2013, Diamond pipeline, 2013: Meta] 
Economics Group Strategic Report, v. 26, no. 3, May/June, р. 19-31 


Zimmer, Jerry, 2011, CVD diamond comes into its own: F; ; 
: | п: Е 
winter, p. 23. пег Points, 


winston-to- 


pdate 2011: Finer Points, 


nd-announces-documentary-and- 


ploration budgets: 
vember/ December, 


GENERAL SOURCES OF INFORMATION 


U.S. Geological Survey Publications 


Abrasives. Ch. in United States Mineral Resources, Professional 
Paper 820, 1973. 


Diamond (Industrial). Ch. in Mineral Commodity 
Summaries, annual. 

Historical Statistics for Mineral and Material Commodities in 
the United States, Data Series 140. 


Other 


De Beers Consolidated Mines Ltd. annual reports, 1998—2001. 

Diamond, Industrial. Ch. in Mineral Facts and Problems, 
U.S. Bureau of Mines Bulletin 675, 1985. 

Finer Points, quarterly. 

Industrial Diamond Review, quarterly. 

World Diamond Industry Directory & Yearbook, 1998—99. 


TABLE 1 
SALIENT NATURAL AND SYNTHETIC INDUSTRIAL DIAMOND STATISTICS! 


(Thousand carats and thousand dollars) 


2009 


Quantity 17,000 ? 16,700 ? 16,700 17,300 18,300 


2008 
United States: 
Natural: 
Secondary production: 
Value 8,320 
Exports: 
Quantity 5,580 
Value 4,250 
Imports for consumption: 
Quantity 9,130 
Value 42,600 
Synthetic: 
Primary production: 
Quantity" 131,000 ? 
Value 132,000 
Secondary production: 
uantity® 17,300 2 
Value 9,360 
Exports: 
Quantity 112,000 
Value 52.400 
Imports for consumption: 
___ Quantity 486,000 
Value 74,300 
Apparent consumption, natural and synthetic: 
Quantity 542,000 
Value 210,000 
World: 
Production, natural" 49,100 € 
Production, synthetic" 4,420,000 
Production, natural and synthetic" 4,470,000 ' 


*Estimated. 'Revised. 
!Data are rounded to no more than three significant digits. 
"Reported figure. 


2010 2011 2012 
8,150 8,190 8,470 8,920 
1,510 2,330 3,710 6,500 
2,280 1,780 1,790 4,100 
4,230 6,440 9,750 598,000 

20,400 34,600 51,900 115,000 
91,000? _ 93,000 98,200 103,000 
65,100 66,400 67,100 70,600 
172200? _ 17,100 17,700 18,600 
9,080 9,120 9,260 9,750 
65,500 110,000 145,000 _ 147,000. 
31,100 51,000 68,600 73,200 
243,000 _ 591,000 _ 719,000 586,000 
39,300 84,200 94,200 78,300 
305,000 612,000 714,000 1,170,000 
109,000 150,000 161,000 206,000 
40,0007 38,200" 35,1001 36,000 
4,370,000 4,380,000 4,380,000 4,480,000 


4,410,000 * 4,410,000" 4420000 4,520,000 


3Domestic primary and secondary production plus imports minus exports. 
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ТАВГЕ 2 
U.S. IMPORTS FOR CONSUMPTION OF INDUSTRIAL DIAMOND STONES, ВУ COUNTRY’ 


(Thousand carats and thousand dollars) 


Natural industrial diamond stones? Miners' diamond, natural and synthetic? 

2011 2012 2011 2012 
Country Quantity Value’ Quantity Value’ Quantity Value’ Quantity Value’ 
Australia 45 845 44 976 3 190 2 20 
Belgium 127 749 175 1,120 -- -- 5 28 
Botswana 842 32,600 505 21,600 15 20 = -- 
Congo (Kinshasa) 6 156 5 157 2 17 — -- 
Ghana (5 3 2 82 -- -- -- -- 
India 540 617 862 933 15 681 22 416 
Namibia 218 1,230 219 1,270 -- -- -- -- 
Russia 29 190 7 101 -- -- - a 
South Africa 580 10,200 482 8,680 15 243 1 36 
Other 22 601 3 157 (5) 11 (5) 128 
Total 2,410 47,200 2,300 35,100 50 1,160 30 628 


— Zero. 


Гаја are rounded to no more than three significant digits; may not add to totals shown. 


"Includes glazers' and engravers' diamond unset, Harmonized Tariff Schedule of the United States 
(HTS) codes 7102.21.3000 and 7102.21.4000. 


ЗНТ$ codes 7102.21.1010 and 7102.21.1020. 
“Customs value. 
"Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 3 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND DUST, GRIT, AND POWDER, ВУ COUNTRY' 


(Thousand carats and thousand dollars) 


Natural Synthetic? 
2011 2012 2011 2012 

Country Quantity Value’ Quantity Value* Quantity Value* Quantity Value’ 
Belgium 273 210 1,230 357 1,720 483 1,100 283 
China 1,940 1,170 447,000 33,300 575,000 44,600 446,000 33,200 
Germany 40 42 45 35 20 21 11 8 
Hong Kong -- -- 204 78 28 18 204 79 
India 1,880 1,210 1,980 1,210 1,420 939 506 316 
Ireland 490 353 59,300 25,200 62,700 26,800 58,900 24,900 
Israel -- — 143 77 -- -- 143 77 
Italy -- -~ 9 9 6 4 7 5 
Japan -- ~- 1,290 1,750 1,380 1,850 1,290 1,750 
Korea, Republic of 1 3 26,300 9,350 33,300 11,400 26,300 9,350 
Mexico 10 8 211 37 65 42 -- -- 
Romania -- -- 25,000 2,110 16,600 1,590 25,000 2,110 
Russia 1,930 467 14,300 2,170 13,700 2,410 14,200 2,100 
Switzerland 314 183 8,670 2,670 7,550 2,320 8,200 2,430 
Taiwan -- -- 1,550 144 276 28 1,520 136 
Ukraine -- -- 65 14 20 14 65 14 
United Arab Emirates 84 122 -- = 22 = ие Z 
United Kingdom 234 175 2,650 944 3,210 780 2,510 836 
Other 134 129 5,210 600 1,970 341 -- 470 
-- Zero. 


ага are rounded to no more than three significant digits; may not add to totals shown. 
?Harmonized Tariff Schedule of the United States codes 7105.10.0011 and 7105.10.0015 for natural graphite. 


3Harmonized Tariff Schedule of the United States codes 7105.10.0020, 7105.10.0030, and 7105.10.0050 
for synthetic graphite. 


^Customs value. 


Source: U.S. Census Bureau. 
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TABLE 4 
U.S. REEXPORTS OF INDUSTRIAL DIAMOND STONES, BY COUNTRY’ 


(Thousand carats and thousand dollars) 


Industrial unworked diamonds” 


2011 2012 
Country Quantity Value’ Quantity Value? 
Reexports: 

Belgium 492 10,500 240 8,440 
Brazil 31 187 8 81 
Сапада 183 1,070 203 8,720 
Germany 11 530 8 412 
Hong Kong 45 810 26 684 
Israel 32 77 3 64 
Japan 136 10,700 104 8,720 
Korea, Republic of 28 1,860 29 1,250 
South Africa 30 79 8 36 
United Kingdom 178 3,740 105 3,680 
Other 96 2,530 40 1,170 
Total 1,260 32,100 774 33,300 


Рака are rounded to no more than three significant digits; may not add to 
totals shown. 


*Harmonized Tariff Schedule of the United States code 7102.21.0000. 
*Customs value. 


Source: U.S. Census Bureau. 


Google 


21.10 


TABLE 5 


U.S. EXPORTS AND REEXPORTS OF INDUSTRIAL DIAMOND DUST, GRIT, AND POWDER, BY COUNTRY! 


Country 

Exports: 

Austria 

Belgium 

Brazil 

Canada 

Germany 

Hong Kong 

India 

Ireland 

Israel 

Italy 

Japan 

Korea, Republic of 

Mexico 

Singapore 

Spain 

Switzerland 

Taiwan 

Thailand 

United Kingdom 

Other 

Total 

Reexports: 

Belgium 

Brazil 

Canada 

Germany 

Ireland 

Italy 

Japan 

Korea, Republic of 

Mexico 

United Kingdom 

Other 

Total 

Grand total 

-- Zero. 


(Thousand carats and thousand dollars) 


Natural” 


2011 


Quantity Value’ 


13 4 
195 534 
86 38 
72 37 
31 6 
42 53 

7 4 

7 6 
1,800 348 
427 217 
393 212 
5 12 
521 196 
113 119 
3,10 1,790 
5] 150 
128 528 
5 15 

18 16 
126 223 
53 75 
50 86 
33 46 
132 499 
596 1,640 
4310 3,420 


2012 


Quantity Value? 


35 38 

15 4 
1,990 1,950 
60 33 
101 43 

9 13 

40 66 
431 95 
= 3 

47 69 
1,840 429 
546 295 
486 453 
797 482 
96 126 
6,500 4,100 
44 86 
2,610 2,630 
7 18 

144 244 
38 53 

37 95 
143 82 
40 39 
3,070 _ 3,250 
9,560 7,350 


2011 


Quantity 


2,960 
448 
4,170 
5,930 
3,660 
166 
3,200 
39,900 
56 
3,530 
35,100 
12,700 
891 
640 

77 
8,550 
5,820 
5,140 
3,050 
8,740 
145,000 


158 
733 
9,240 
31 
258 


5,360 
891 

59 

55 
1,090 
17,900 
163,000 


!Data аге rounded to no more than three significant digits; may not add to totals shown. 


?Harmonized Tariff Schedule of the United States codes 7105.10.0025 for synthetic and 7105.10.0010 for natural. 


3 Customs value. 


Source: U.S. Census Bureau. 
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2012 
Quantity — Value' 


Synthetic? 
Value? 

1,010 1,490 
106 440 
1,140 3,800 
4,120 3,470 
1,340 2,610 
92 212 
1,060 2,910 
14,700 40,100 
36 25 
835 4,320 
17,400 39,100 
8,960 14,700 
231 862 
1,250 1,350 
28 86 
7,410 12,200 
2,360 5,130 
1,430 4,600 
825 2,300 
4,240 7,280 
68,600 147,000 
80 143 
285 437 
6,500 5.660 
8 54 
102 675 
= 18 
1,220 5,880 
351 972 
33 410 
59 45 
767 1,600 
9.400 15,900 
78,000 163,000 


1,230 
111 
1,010 
2,420 
843 
110 
1,080 
15,500 
26 
899 
18,800 
10,500 
383 
1,940 
23 
10,800 
2,520 
1,420 
656 
2,900 
73,200 


30 
217 
3,510 
12 
389 
4 
1,800 
212 
122 
11 
888 


7,260 


80,400 
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NATURAL DIAMOND: WORLD PRODUCTION, BY COUNTRY AND ТҮРЕ! >> 


Country and type 
Gemstones: 
Апроја“ 
Australia" 
Botswana" 


Brazil, unspecified" у 
Сапада, unspecified" ? 
Central African Republic" 


China, unspecified" ? 

Сопро (Brazzaville)* 3 

Congo (Kinshasa): 

Ghana, unspecified^ | = 
Guinea* 


Guyana, unspecified 2 
India" 


[ndonesia* 


Lesotho, unspecified" d 
Liberia, unspecified" É 
Namibia, unspecified^? 
Russia" 
Sierra Leone’ 
South Africa" 
Tanzania® 
Togo, unspecified” 2 
Venezuela’ 
Zimbabwe* 
Total 
Industrial; 
Angola 
Australia 
Botswana 
Central African Republic 
Congo (Kinshasa) 
Guinea 
India 
Indonesia 


Russia 


Sierra Leone? 
South Africa 
Tanzania 
Venezuela 


Zimbabwe 
Total 
Grand total 
See footnotes at end of table. 


(Thousand carats) 
аре о 2083  — 209 — 2010. OO 
8,020 ' 8,310 ' 7,530 € 7,500 * 7,500 
149° 156° 100 78' 92 
22,600 ' 12,400 " 15,400 ' 16,000 ° 14,400 
80" 21 25 46 ' 46 
14,803 10,946 11,804 € 10,795 10,451 
302 249 241° 259 ' 293 
69 ' 46 ' 17' (6)! 2 
22' 14' 76 ' 15' 10 
33,402 21,298 20,166 19,249 21,524 
643 ' 376 ' 334' 302' 233 
2,480 ' 557 299 € 243 € 213 
193 ' 97 ' 46 ! 51° 44 
ES 2 5 3 7 
24 9 -- на Е 
253 92' 109° 224 € 479 
47 28 27 42 42 
2,435 1,192 1,693 1,256 ' 1,629 
21,900 ' 20,600 ' 20,700 * 20,900 ' 20,700 
223 241 263 ' 214° 406 
5,160 ' 2,460 ' 3,550 ' 2,820 ' 2,830 
202 155 60 ' 35.5 108 
9 (6) (6) (6) (6) 
4: 3' 1' E = 
725 ' 876 ' 7,670 ' 7,730 ' 11,000 
114,000 : 80,200 ' 90,100 ' 87,800 € 92.000 
891 ' 924 ' 836 ' 833" 833 
14,800 * 15,400 ' 9,880 ' 7,750 € 9,090 
9,680 ' 5,320 ' 6,610 € 6,870 ' 6,170 
75 ' 62 60 ' 65° 73 
88 ' 54 ' 305 ' 61' m 
620 ' 139 75! 61 ' 53 
-- 7 13 
) : N i 20 
15,000 14,100 ' 14,200 " 14,300 : 14,200 
149 160 175° 143 ° 135 
7,740 ' 3,680 ' 5,320 ' 4,230 ' 
36 27 TEE f e 4,246 
6 5 | Lg 12 
255 88 ' 768 ' 774 ' А 
163,000 ' 120,000 ' 128,000 ' 123.0007 36,000 
4 128,000 
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TABLE 6-—Continued 
NATURAL DIAMOND: WORLD PRODUCTION, BY COUNTRY AND TYPE'?? 


"Estimated. "Revised. -- Zero. 


' Estimated data and subtotals are rounded to no more than three significant digits; may not add to unrounded, reported grand totals shown. 
?Subcategory estimates are based on reported country totals, in carats. Includes data available through June 19, 2014. 


*In addition to the countries listed, Belarus, Germany, Ireland, Nigeria, the Republic of Korea, and Sweden produced natural diamond, but information is 
inadequate to formulate reliable estimates of output levels. 


“Includes near-gem and cheap-gem qualities. 
: Reported figure. 
“Less than % unit. 


From 2008 to 2011, production was estimated to be about 60% gem quality. In 2012, production is estimated to be about 75% gem quality. 
*From 2008 to 2011, production was estimated to be about 40% industrial quality. In 2012, production is estimated to be about 25% industrial quality. 


Source: Kimberley Process Certification Scheme 
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DIATOMITE 
By Robert D. Crangle, Jr. 


Domestic survey data and tables were prepared by Elsie D. Isaac, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


Production of diatomite in the United States decreased by 
10% to 735,000 metric tons (t), with a corresponding value of 
$210 million free on board (f.o.b.) plant in 2012 compared with 
813,000 t valued at $219 million f.o.b. plant in 2011 (table 1). 
The decrease in production was largely offset by an increase in 
prices. The United States was the leading producer of diatomite 
in 2012, accounting for 3596 of total world production. 

Estimated world production was 2.1 million metric tons (Mt), 
a decrease of 3% from that of 2011. Twenty-three countries 
reported the production of diatomite in 2012. 

Diatomite used for filtration represented 56% of consumption, 
followed by its use as a filler (14%), as an absorbent (13%), 
and as a cement additive (1396). Other diatomite applications, 
including abrasives, insecticides, insulation, and soil 
conditioner, accounted for the remainder (table 2). Major 
diatomite products were sold as various grades of calcined 
powders. 

Encroachment into diatomite markets by natural and synthetic 
substitute material remained minimal, particularly for beverage 
filtration. 

Diatomite is a chalk-like, soft, friable, earthy, very fine- 
grained, siliceous sedimentary rock comprised of fossilized 
diatom remains. Diatomite often has a light color (white if pure, 
commonly buff to gray in-situ, and rarely black). It is extremely 
lightweight because of its low density and high porosity, 
and essentially chemically inert. Diatomaceous earth (often 
abbreviated as D.E.) is a common alternate name but is more 
appropriate for the unconsolidated or less lithified sediment. 
Diatomite is also known as kieselguhr (Germany), tripolite 
(after an occurrence near Tripoli, Libya), and moler (an impure 
Danish form). Alfred Nobel named his explosive invention 
"dynamite" following his discovery that nitroglycerin could be 
stabilized if first absorbed in diatomite (Nobel, 1868). A unique 
attribute of diatomite is found within its microstructure, which 
often contains thousands of individual holes. These hollows are 
typically found in three distinct sizes, from micron to submicron 
diameters. The number and sizes of the holes vary with the 
Species (Imerys, 2012). 

Diatomite deposits form from an accumulation of amorphous 
hydrous silica cell walls of dead diatoms in both oceanic and 
fresh waters. These microscopic single-cell aquatic plants 
(algae) contain an internal, elaborate siliceous skeleton 
consisting of two frustules (valves) that vary in size from less 
than 1 micrometer (um) to more than 1 millimeter in diameter 
but are typically 10 to 200 џт in diameter. The frustules have 
à broad variety of delicate, lacy, perforated shapes, including 
cylinders, discs, feathers, ladders, needles, and spheres. 
Additional information on the environmental and physical 
properties of diatoms can be found in Dolley and Moyle (2003) 
and Moyle and Dolley (2003). The oldest occurrences of 
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diatomite are thought to be of Cretaceous age, deposited about 
66 million to 138 million years ago. Older diatomite occurrences 
may have been altered into other forms of silica, particularly 
chert, owing to diagenesis, burial, and exposure. Detailed 
information on the geology of diatomite can be found in Wallace 
(2003) and Moyle and Dolley (2003). 


Production 


Domestic production data for diatomite were developed by the 
U.S. Geological Survey (USGS) from a voluntary annual survey 
of U.S. diatomite-producing sites and company operations. 

The USGS canvass for 2012 was sent to 7 diatomite-producing 
companies with 10 mining areas and 9 processing facilities. А 
companies responded, accounting for 10096 of the production 
listed in table 1. АП percentages in this report were computed 
based on unrounded data. 

In 2012, 735,000 t of diatomite were produced from 10 
separate mining areas in California, Nevada, Oregon, and 
Washington. Major producers were Celite Corp. (a subsidiary 
of Imerys USA, Inc.) with mines and facilities in California, 
Nevada, and Washington; and EP Minerals, LLC (a subsidiary 
of EaglePicher Corp.) with operations in Nevada and Oregon. 
Nevada was the leading producing State, followed by California. 
The combined output of these two States accounted for about 
77% of U.S. production in 2012. 

Because U.S. diatomite occurrences are at or near the earth’s 
surface, recovery from most deposits is achieved throu gh low- 
cost, open pit mining. Outside the United States, however, 
underground mining is fairly common owing to deposit location 
and topographic constraints. Explosives are generally not 
required for surficial or subsurface mining because of the Soft 
friable nature of the deposits. In Iceland, dredging is used t | 
recover lake-bottom diatomaceous mud deposits. ° 

Diatomite is often processed near the mine to reduce 
transportation costs associated with the crude ore, which 
contain up to 65% water. Processing typically i jdn ве 
of crushing, drying size-reduction y Involves а Series 

| & Crying, and calcining operatio 
using heated air for conveying and classifying withi т 
Fine-sized diatomite grains, especially f n the plant, 

У trom baghouses 
most often for filler-grade products, and coarse “> аге used 
employed for filtration purposes. In the latter | S ae 
calcining is performed in rotary kilns to effe Пе Stages, 
physical changes. ct chemica] and 

Diatomite production costs i 
to 70% for processing, 20% = а 
and 10% for mining. Energy costs c 
Increasing portion (25% 
both in the direct costs o 
within the energy-intens 


ates avera у 
for packing and Шр. | 
ко л а large and - 
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for cement production does not normally require calcining, and 
thus, processing costs are lower. 


Consumption 


Domestic apparent consumption of diatomite was 
approximately 643,000 t in 2012, a decrease of approximately 
9% from 707,000 t in 2011. The total domestic and export 
quantity of filter-grade diatomite sold or used by U.S. producers 
was 415,000 t in 2012, a decrease of 1696 from 500,000 t in 
2011, accounting for 56% of total diatomite produced. For use 
in absorbents, 95,000 t of diatomite was reported, unchanged 
from that of 2011. Use of diatomite as a filler was 102,000 t in 
2012, an increase of 396 from 99,000 t in 2011. 

In antiquity, diatomite was used by the Greeks as an abrasive 
and in the production of lightweight building bricks and blocks. 
In the late 1800s, diatomite became of industrial interest in 
Western Europe when pulverized diatomite was the preferred 
absorbent and stabilizer of nitroglycerine used to make 
dynamite. Maryland was the site of the first U.S. production of 
diatomite in 1884. By the late 1880s, very pure, large deposits 
near Lompoc, CA, became the focus of interest and have 


continued to dominate world markets (Dolley and Moyle, 2003). 


Although diatomite is principally used as a filtration medium, 
it is also used as a silica additive in cement and various other 
compounds, a filler in a variety of products, an absorbent, 

an insulation medium, a mild abrasive, and an agent in the 
purification and extraction of DNA. 

Commercial diatomite products provide fine-sized, irregular- 
shaped, porous noncaking particles that have a large surface 
area and high liquid-absorption capacity. They are relatively 
chemically inert, have a low refractive index, are mildly 
abrasive, have a low thermal conductivity with a reasonably 
high fusion point, can be slightly pozzolanic, are very high in 
silica, and can be produced and delivered at a cost consistent 
with customer applications. Sawn shapes, which continue to 
account for a significant part of world diatomite production, 
have long been used as lightweight building material, especially 
in China, and primarily for thermal insulation (especially 
the high-clay-content Danish moler). Dried natural products 
and calcined products are used in building applications. 

The major use of diatomite continues to be as a filtration 
medium for beverages (especially beer and wine), sugar and 
sweetener liquors, oils and fats, petroleum and chemical | 
processing (including reprocessing waste dry cleaning fluids), 
pharmaceuticals, and water (industrial process, potable, 
swimming pool, and waste). Another leading use is as an 
absorbent for industrial spills (oil and toxic liquids) and for 
oct important broad category of use is as a filler, often | 
serving a dual purpose, such as an extender and flatting agent tn 
paints and coatings; a bulking and anticaking agent in granular 
materials; and as à multieffect component in plastics (including 
preventing films from sticking). Other filler uses are as an 
extender and absorbent carrier for catalysts, nontoxic pesticides 
(as a desiccating agent), pharmaceuticals, and other chemicals. 

Brightness, whiteness, and abrasive hardness are considered 
for specialized diatomite applications. Free-crystalline silica 


Google 
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content, although normally low, is required to be identified, 
particularly for calcined products. Calcining removes organics, 
increases filtration rate, oxidizes iron, increases specific gravity, 
increases particle hardness, and can lighten color. Flux-calcining 
significantly affects the physical and chemical properties and 
makes a white product. Most filter grades are calcined. 


Prices 


The calculated weighted average unit value of diatomite sold 
or used by U.S. producers during 2012, using USGS survey data 
and estimates, was $286 per metric ton £.o.b. plant, an increase 
of about 6% compared with $269 per ton in 2011 (table 3). 

The average values for filtration increased by 39% in 2012 to 
$381 per ton from $274 per ton reported in 2011. The value 

for diatomite used for absorbent purposes was $101 per ton, 
unchanged from 2011. The unit value for material used as fillers 
decreased by 396 to $399 per ton in 2012. The average value for 
specialized or other uses in 2012 decreased by 5% to $424 per 
ton from $446 per ton in 2011. 


Foreign Trade 


Export and import data presented here from the U.S. Census 
Bureau may be of limited accuracy. This is a result of a lack of 
detail caused by the inclusion of diatomite with other mineral 
commodities within several categories in the Harmonized 
Tariff Schedule of the United States (HTS) issued by the 
U.S. International Trade Commission. Exports of diatomite from 
the United States in 2012 were approximately 96,000 t, about 
10,000 t less than those in 2011 (table 4). Exports accounted 
for about 13% of total domestic production sold or used. Trade 
data were issued under heading 2512 of the HTS, described 
as applying to siliceous fossils, including kieselguhr, tripolite, 
diatomite, and similar siliceous earths of an apparent specific 
gravity of 1 or less. Industry sources, however, indicated that 
exports also included some flux-calcined material, which 
is included under HTS code 3802.90.2000, where it is not 
differentiated from activated clays. Similarly, heat-insulating 
mixtures and sawn and molded unfired shapes of diatomite are 
collected under HTS code 6806.90.0090 and are not exclusively 
identified as diatomite. Lastly, fired, sawn, and molded shapes 
of diatomite are covered under heading 6901, which is not 
exclusively used for diatomite data. 

According to U.S. Census Bureau data, diatomite and 
diatomite products were exported to 96 countries in 2012. 

The main export markets were Canada (17,900 t), Germany — 
(12,000 t), Belgium (6,200 t), South Africa (4,600 t), and Russia 
(4,300 t). These five countries accounted for 47% of the total 
reported exports. Based on available Census trade data, the 
average unit value free alongside ship of exported diatomite | 
was $528 per ton in 2012 compared with $526 per ton in 201 
(table 4). Import data for diatomite show that 3,070 t came ор 
14 countries іп 2012. France was the leading source with ee 
(69%); followed by Mexico with 456 t (15%), China with 31 
(10%), Italy with 91 t (3%), and Peru with 201 п = 
five countries provided 97% of the imports to the United Sta 

in 2012. 
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World Review 


Estimated world production of diatomite in 2012 was 2.1 Mt 
(table 5). World reserves are thought to be almost 1 billion 
metric tons (Gt), which represents approximately 500 times the 
annual estimated world production rate. About 250 Mt, or 2596 
of the estimated 1 Gt of world reserves, is in the United States 
(Crangle, 2013). The world's largest producing district in terms 
of volume is near Lompoc, CA. A resource assessment of this 
location suggested these deposits could meet all of the world's 


current diatomite consumption for hundreds of years. Compiling 


data regarding reserve estimates can be challenging because 

some data are proprietary and not released by companies or 

countries. Huge deposits, on the order of at least 110 Mt of 

reserves, have been reported to occur in China (Lu, 1998, p. 53). 
The United States was the leading producer of diatomite, 

accounting for 3596 of total world production, followed by 

China with 20%, Denmark with 1696 (all moler products), and 

Japan with 5%. Smaller amounts of diatomite were mined in 

20 additional countries. 


Outlook 


With the exception of depressed production during the global 
economic downturn in 2009 and 2010, U.S. annual production 
has been more than 600,000 t for many of the last 20 years, with 
production in several of those years exceeding 800,000 t. The 
economic stability of the mineral commodity was largely owing 
to its use as a filtration medium, where its demand remains 
strong, particularly in the filtration of spirits as well as human 
blood plasma and other biotechnical applications. Likewise, the 
encroachment of more advanced filter applications, including 
carbon membranes, ceramics, and polymers, were not a concern 
in 2012. The high costs associated with these alternatives 
and a cultural preference toward the use of diatomite in the 
brewing and wine industries indicate a strong likelihood for the 
continued widespread use of diatomite in filtration. 

The associated issue of free-crystalline silica, particularly 
after diatomite is calcined, was expected to continue to be 
à concern, especially in the filler and absorbent markets. 
Although some diatomite deposits were reported to be low in 
free-crystalline silica, an effort to classify diatomite and related 
absorbent products as free of this material remains contentious, 
litigious, and, to date, unsuccessful. Adequate supplies of 
diatomite, owing to the large domestic and world reserves, 
coupled with small or no changes in demand, probably will 
remain available for the foreseeable future. 
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TABLE 1 
DIATOMITE SOLD OR USED ВУ PRODUCERS IN THE 
UNITED STATES! 


(Thousand metric tons and thousand dollars) 


2011 2012 

Domestic production, sales: 
Quantity 813 735 
Value 219,000 210,000 


‘Data are rounded to no more than three significant digits. 


TABLE 2 
DIATOMITE SOLD OR USED, BY MAJOR USE! 


(Percentage of U.S. production) 


2011 2012 
Absorbents 12 13 


Cement 13 13 
Fillers 12 14 
Filtration 61 56 
Other? 1 (4) 
‘Includes exports. 

? As ingredient in portland cement. 


*Includes abrasives, lightweight aggregates, insulation, 
and unspecified uses. 


‘Less than % unit. 


TABLE 3 
AVERAGE VALUE PER METRIC TON OF DIATOMITE, 
BY MAJOR USE! 
(Dollars per metric ton) 

2011 2012 

Absorbents 101 101 

Cement 11 7 
Fillers 410 399 

Filtration 274 381 

Insulation 58 58 

. Other" 446 424 
Weighted average 269 286 


!Rounded estimates. 
? As ingredient in portland cement. 


Includes abrasives, lightweight aggregates, and unspecified 
uses. 
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TABLE 4 
U.S. EXPORTS OF DIATOMITE"? 


(Thousand metric tons and thousand dollars) 


Year Quantity _ Value? 


2011 106 55,800 


2012 96 50,700 


'Harmonized Tariff Schedule (HTS) number 


2512.00.0000, natural and straight-calcined 
grades, but in practice probably includes an 
undetermined quantity of flux-calcined 
product HTS number 3806.90.2000. 

*Data are rounded to no more than three 
significant digits. 

*Free alongside ship value. 


Source: U.S. Census Bureau. 
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Country 
Algeria 
Argentina 
Armenia 
Australia 
Brazil, marketable 
Chile 
China 
Costa Rica 
Czech Republic 
Denmark? 
Ethiopia 
France 
Germany 


Iceland 
6 


Iran 
Italy 

Japan 

Kenya 

Korea, Republic of, diatomaceous earth 
Mexico 


Mozambique 
Peru 

Poland 
Portugal 
Russia 


Spain’ 

Thailand 

Turkey 

United States” $ 
Total 


PPreliminary. ‘Revised. -- Zero. 


! World totals, U.S. data, and estimated data are rounded to no more than three significant digits; 


TABLE 5 
DIATOMITE: ESTIMATED WORLD PRODUCTION, BY COUNTRY "? 


Purity and moisture content are generally not reported or estimated. 


Includes data available through April 22, 2014. 
?Reported figure. 
^Less than У, unit. 


‘Data represent "extracted moler" (reported cubic meters times 1.5). Danish extracted 
are as follows: 2008—252 (reported); 2009—202 (estimated); 2010—225 (estimated 


(estimated). Contains about 30% clay. 


брака are for Iranian years beginning March 21 of that stated. 


"Includes tripoli. 
85014 or used by producers. 
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(Thousand metric tons) 
2008 2009 
2^ 23 
37? 62 3 
(4) (4) 
20 20 
4 3 4 3 
259 23? 
440 440 
13 1 
31 Ze 
378 "3 303 " 
ЕЕ, 4 3 
75 75 
с r T T 
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25 25 
115 110 
(4) 3 (4) 3 
32 22 
129 3 81? 
(4) ? (4) 3 
12 ° 10 ? 
| 1 
22 T = r 
30 28 
50 50 
43 4 
63 3 28.3 
764 575 
2210" 1,850 г 


18"? 
595 
1,900 " 


45 3 
813 
2,190 ' 
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30 
735 
2,120 


may not add to totals shown. 


moler figures, in thousand cubic meters, 
y; 2011—225 (estimated); and 2012—225 
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EXPLOSIVES 
By Lori E. Apodaca 


In 2012, U.S. explosives consumption was 3.38 million metric 
tons (Mt), about 1396 more than that of 2011; sales of explosives 
were reported in all States except Delaware. Coal mining, with 
about 6896 of total consumption, continued to be the dominant 
use for explosives in the United States. Wyoming, West Virginia, 
and Kentucky, in descending order, led the Nation in coal 
production, accounting for 6096 of the total. Wyoming and West 
Virginia were also the leading explosives-consuming States, 
accounting for 3596 of total U.S. explosives sales. 


Legislation and Government Programs 


The U.S. Department of Homeland Security (DHS) continued 
to adjudicate comments received on the Ammonium Nitrate 
Security Program Notice of Proposed Rulemaking issued 
August 2011 and is developing a final rule. The Ammonium 
Nitrate Security Act was passed by Congress in 2007; at that 
time, DHS was authorized to develop a program to regulate 
ammonium nitrate. Since the act was passed, the U.S. industry 
has followed voluntary standards; however, under the proposed 
Ammonium Nitrate Security Program, these standards would 
become mandatory. Under the proposed regulations, those 
engaged in the sale and transfer of ammonium nitrate would be 
barred from selling or transferring 11.3 kilograms (25 pounds) 
or more of ammonium nitrate to anyone who is not registered 
with DHS. In addition, those engaged in the sale and transfer of 
ammonium nitrate would be required to report losses or thefts 
to Federal authorities within 24 hours. АП records related to 
the sale and transfer of ammonium nitrate would need to be 
maintained for 2 years (U.S. Department of Homeland Security, 
2011, p. 46,908). 


Production 


Sales of ammonium-nitrate-based explosives (blasting agents 
and oxidizers) were 3.35 Mt, which was 1296 higher than 
those in 2011, and accounted for about 99% of U.S. industrial 
explosives sales. Sales of permissibles (explosives approved for 
use in gassy and dusty environments) were about 44% higher 
than those in 2011, and sales of other high explosives increased 
by 43% (table 1). 

Companies contributing data to this report, which are 
members of the Institute of Makers of Explosives (IME), are as 
follows: 

Accurate Energetic Systems, LLC 

Austin Powder Co. 

Baker Hughes, Inc. 

Davey Bickford USA, Inc. 

Douglas Explosives, Inc. 

DYNAenergetics US Inc. 

Dyno Nobel, Inc. 

GEODynamics, Inc. 
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Hunting Titan, Ltd. 

Jet Research Center (a division of Halliburton Co.) 

Maine Drilling & Blasting 

Maxam North America, Inc. 

Nelson Brothers, Inc. 

Orica USA, Inc. 

Owen Oil Tools LP (a division of Core Laboratories N.V.) 
Senex Explosives, Inc. 

Vet's Explosives, Inc. 

W.A. Murphy, Inc. 


Consumption 


The principal application for explosives in the United States 
was coal mining, accounting for about 68% of the total 
explosives sales for consumption (table 2). In 2012, U.S. coal 
production decreased by 7% to 922 Mt, according to preliminary 
data from the U.S. Energy Information Administration (ЕТА). 
Coal production in the Appalachian region decreased by 13% 
compared to production in 2011. In the Interior (midwest), coal 
production increased by 5.396, and in the western region of 
the United States, coal production decreased by 7.796. Three 
States (Wyoming, West Virginia, and Kentucky, in descending 
order) led the Nation in coal production, accounting for 6094 
of the total. Wyoming and West Virginia were also the leading 
explosives-consuming States (U.S. Energy Information 
Administration, 2013a, p. 6–7; table 3). 

Construction and quarrying and nonmetal mining each 
accounted for 1076 of total explosives sales, metal min 
accounted for 9%, and miscellaneous uses were about 
376. Wyoming, West Virginia, Indiana, Kentucky, Nevada 
Pennsylvania, Minnesota, Virginia, and Alabama were m 
descending order, the leading explosives consuming Stat 
(greater than 100,000 metric tons sold), with a combi "a 
7096 of U.S. sales (table 3). ос 

Explosives are used in the minin 
segment of the manufacturing and 
therefore, changes in the consump 
reflected in the decrease or increa 
dollar value of new construction 


ing 


g industry and virtually every 
major construction industry; 
tion of explosives will be | 
se in these applications, The 
(residential and nonresidential) 


y about 9% com 
in 2011 (U.S. Census Bureau, 2013). Based on ao 
ata, 


the seasonally adjusted indust 

uy Ty growth rate fi 
for metal mining decreased slightly, and the е to 2012 
quarrying and nonmetallic mineral mining incre ее 
(Federal Reserve Board, 2013). ased by 5% 


Classification of Industrial Explosives and Blast 
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to initiation. High explosives are сар sensitive, whereas blasting 
agents are not. Black powder sales were minor and were last 
reported in 1971. The production classifications used in this 
report are those adopted by the IME. 

High Explosives.—Permissibles.—The Mine Safety and 
Health Administration (MSHA) approved grades by brand 
name as originally established by the National Institute for 
Occupational Safety and Health (NIOSH) testing. 

Other High Explosives.— These include all high explosives 
except permissibles. 

Blasting Agents and Oxidizers.—These include ammonium 
nitrate-fuel oil (ANFO) mixtures, regardless of density; slurries, 
water gels, or emulsions; ANFO blends containing slurries, 
water gels, or emulsions; and ammonium nitrate їп prilled, 
grained, or liquor (water solution) form. Bulk and packaged 
forms of these materials are included in this category. In 2012, 


about 96% of the total blasting agents and oxidizers sales was in 
bulk form. 


World Review 


Australia.—Yara International ASA reached an agreement 
with Orica Ltd. and Apache Corp. to form a joint venture to 
build a 330,000 metric-tons-per-year (t/yr) technical-grade 
ammonium nitrate plant on the Burrup peninsula in Western 
Australia. At a cost of $800 million, the joint venture would be 
owned 4594 by Yara, 4596 by Orica, and 1096 by Apache. The 
plant was expected to be completed by the end of 2015 (Green 
Markets, 2012). 

Orica received approval to upgrade its Kooragang Island 
production site in New South Wales at a cost of $524 million. 
Orica planned to expand the capacity to 750,000 t/yr from 
430,000 t/yr of ammonium nitrate. A major component of 
the expansion would be to improve the site's safety and 
environmental performance. No timetable was announced for 
the completion of the project (Fertilizer Week, 2012b). 

Orica made plans to expand its Yarwum ammonium nitrate 
plant at Gladstone at a cost of $800 million. The expansion was 
expected to be completed in 2017 or 2018 and was expected to 
double the plant's capacity (Nitrogen + Syngas, 2012). 

Vietnam.—Mining Chemical Industry Holding Corp. 
(MICCO) awarded a contract for the construction of a low 
density ammonium nitrate (LDAN) plant in the Thai Binh 
province to a consortium consisting of ThyssenKrupp Uhde, 
Toyo-Thai Corporation Public Company Ltd., Toyo-Vietnam 
Corporation Ltd., and Lilama 69-1 Joint Stock Company. At 
a cost of $200 million, the plant would have a capacity of 625 
metric tons per day (t/d) (200,000 t/yr) of LDAN and include a 
500-t/d (165,000-t/yr) nitric acid plant. This plant was scheduled 
to be operational by 2015 and was expected to meet Vietnam's 
demand for technical ammonium nitrates for the civil and 
mining industry (Fertilizer Week, 2012a). 
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Outlook 


According to the EIA, U.S. coal production in 2013 
was expected to remain the same as that of 2012. In 2014, 
production was projected to increase by about 3.3%, a result of 
increased domestic coal consumption (U.S. Energy Information 
Administration, 2013b, p. 7). Based on the coal production 
projections, explosives consumption was not expected to 
increase in 2013, but slightly increase in 2014 resulting from the 
expected increase in domestic coal demand. 
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TABLE 1 


SALIENT STATISTICS OF INDUSTRIAL EXPLOSIVES AND BLASTING 
AGENTS SOLD FOR CONSUMPTION IN THE UNITED STATES! 


(Metric tons) 


Class 2011 2012 

Permissibles 1,020 1,470 
Other high explosives 21,900 31,400 
Blasting agents and oxidizers 2,980,000 3,350,000 
Total 3,000,000 3,380,000 


"Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: Institute of Makers of Explosives. 


TABLE 2 


ESTIMATED INDUSTRIAL EXPLOSIVES AND BLASTING AGENTS SOLD FOR CONSUMPTION IN 


Class 


THE UNITED STATES, BY CLASS AND USE"? 


(Thousand metric tons) 


2011: 
Permissibles 
Other high explosives 


Blasting agents and oxidizers 


Total 
2012: 
Permissibles 
Other high explosives 


Blasting agents and oxidizers 


Total 
-- Zero. 


Distribution of industrial explosives and blasting agents by consuming industry estimated from indices of 


Coal Quarrying and Metal Construction All other 
mining nonmetal mining mining work purposes Total 
] (3) (3) (3) -- 1 
3 7 l 10 1 22 
2,120 212 257 255 74 2,980 
2,130 279 258 265 75 3,000 
2 (3) (3) (3) = 2 
4 11 1 14 1 31 
2,300 336 293 338 87 3,350 
2,300 347 294 351 88 3,380 


industrial production and economies as reported by the U.S. Department of Energy, the Federal Reserve Board, 
the U.S. Department of Transportation, and the U.S. Census Bureau. 
"Data are rounded to no more than three significant digits; may not add to totals shown. 


3 [е5 than '^ unit. 
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TABLE 3 
INDUSTRIAL EXPLOSIVES AND BLASTING AGENTS SOLD FOR CONSUMPTION IN THE UNITED STATES, BY STATE AND CLASS! 


(Metric tons) 
ee es E MERE пг шне == 
Fixed high explosives Fixed high explosives 
Other high Blasting agents Other high Blasting agents 
State Permissibles explosives and oxidizers Total Permissibles explosives and oxidizers Total 
Alabama 225 103,000 103,000 378 101,000 101,000 
Alaska - 729 16,200 17,000 $ 856 17,600 18,500 
Arizona 15 270 56,700 57,000 13 432 33,200 33,700 
Arkansas - 72 15,200 15,200 - 75 17,100 17,100 
California 2= 414 24,700 25,200 3 428 22,600 23,000 
Colorado 37 462 60,300 60,800 16 514 95,500 96,000 
Connecticut > 115 3,490 3,610 s 236 3,860 4,100 
Delaware -- B = x 5 es 2: z 
Florida Е: 62 10,400 10,500 А 103 14,100 14,200 
Georgia = 216 17,800 18,000 =: 400 20,800 21,200 
Hawaii Е (3) 258 258 € = 238 238 
Idaho zs 47 16,300 16,300 = 405 16,700 17,100 
Illinois 5 368 55,400 55,800 = 801 59,500 60,300 
Indiana 4 793 202,000 203,000 1 1,040 254,000 255,000 
Iowa E 616 22,000 22,700 6 1,110 38,600 39,700 
Капзаз 2 91 11,000 11,100 ЕР 62. 9,340 9,400 
Kentucky 130 1,540 295,000 297,000 260 2,060 227,000 229,000 
Louisiana -- 1,440 2,950 4,400 => 348 1,860 2,210 
Маше = 170 3,050 3,220 55 113 3,420 3,540 
Maryland” 2 80 16,000 16,100 6 120 16,600 16,700 
Massachusetts -- 97 5,010 5,110 -- 176 6,000 6,180 
Michigan г 81 18,800 18,800 = 192 41,600 41,800 
Minnesota = 112 87,800 87,900 = 262 122,000 =e 
ississippi -- 31 (3) 32 -- 7 (3) 
emi 4 147 1,390 70,300 71,900 265 2,120 89,600 92,000 
Montana Е 2,030 56,000 58,000 = 4,220 69,500 73,700 
Nebraska -- 112 2,600 2,710 -- 103 1,780 1,890 
Nevada 226 784 130,000 131,000 427 1,130 217,000 и 
New Hampshire = 120 3,310 3,430 = 549 5,430 S 
New Jersey -- 82 5,780 5,860 -- 23 8,480 ns 
New Mexico s 126 32,900 33,000 5 229 68,800 6 pe 
New York i 781 14,600 15,400 | 1,290 27,200 e 
North Carolina 2 318 16,900 17,300 E 360 18,300 l om 
North Dakota a 9 3,050 2,060 "= 21 1,450 ч 
Оһо (3) 381 52,100 52,400 = 647 64,300 кон 
Oklahoma 1 140 23,200 23,300 1 291 32,400 sien 
Oregon ЗА 268 6,680 6,950 a 110 ae бей 
Pennsylvania 63 1,350 100,000 102,000 73 2,150 133, en 
Rhode Island -- 24 988 1,010 - 35 Loss 1.030 
South Carolina ч 96 6,490 6,590 - 73 MM oH 
South Dakota ~ 7 4,470 4,480 -- 10 d 26,900 
Tennessee 10 1,420 25,900 27,300 49 1,560 - 56900 
Texas - 967 61,800 62,800 Е 721 2 69,300 
Utah 46 542 72,000 72,500 59 939 88, я 2.720 
Vermont 4 55 2,060 2,120 7 161 es 104,000 
Virginia 181 749 114,000 115,000 87 p 10600 11,200 
Washington 18 674 15,300 15,900 53 i 326,000 
West eem 128 826 342,000 343,000 _ 130 1,400 __ = SOW 1 
See footnotes at end of table. 
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TABLE 3—Continued 
INDUSTRIAL EXPLOSIVES AND BLASTING AGENTS SOLD FOR CONSUMPTION IN THE UNITED STATES, BY STATE AND CLASS! 


(Metric tons) 
2011 2012 
Fixed high explosives Fixed high explosives 
Other high Blasting agents Other high Blasting agents 
State Permissibles explosives and oxidizers Total Permissibles explosives and oxidizers 

Wisconsin — 282 10,900 11,200 1 429 11,000 

Wyoming -- 355 763,000 764,000 -- 562 870,000 

Total 1,020 21,900 2,980,000 3,000,000 1,470 31,400 3,350,000 
-- Zero. 


"Раја are rounded to no more than three significant digits; may not add to totals shown. 
"Includes the District of Columbia. 
"Less than ' unit. 


Source: Institute of Makers of Explosives. 


EXPLOSIVES—2019 


Google 


Total 
11,400 
871,000. 


3,380,000 
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FELDSPAR AND NEPHELINE ЗУЕМТЕ 
By Arnold O. Tanner 


Domestic survey data and tables were prepared by Raymond I. Eldridge, III, statistical assistant, and the world production 
table was prepared by Glenn J. Wallace, international data coordinator. 


In 2012, feldspar production in the United States was 
estimated to be about 520,000 metric tons (t) valued at 
335.7 million, a decrease from 590,000 t valued at $40.5 million 
in 2011 (table 1). Exports of feldspar in 2012 decreased by 
2376 to 13,000 t valued at about $4.4 million, and imports of 
feldspar decreased by about 4% to 1,640 t valued at $342,000. 
Imports of nepheline syenite (predominantly from Canada) 
decreased slightly to 386,000 t valued at $44.2 million. World 
production of feldspar was estimated to be about 18 million 
metric tons (Mt) (tables 1, 7). 

Apparent consumption of feldspar and nepheline syenite 
combined was about 900,000 t, primarily for use in the ceramics 
and glass industries but also as filler in various products such as 
paints and coatings. Domestic feldspar production data include 
feldspar-quartz mixtures from silica producers and aplite (a rock 
with quartz and feldspar as the dominant minerals) from one 
producer. Domestic nepheline syenite production was consumed 
only as roofing granules and in other construction applications; 
therefore, domestic production data for nepheline syenite are 
excluded from tables in this chapter. Discussion of nepheline 
syenite follows that of feldspar. 


Feldspar 


Production.—Feldspar was mined in seven States. These 
Were, in descending order of estimated output, North Carolina, 
Virginia, Idaho, California, Oklahoma, Georgia, and South 
Dakota. North Carolina was by far the leading producer 
State. Data on domestic production and sales and use of 
feldspar in this report are based upon data collected by the 
0.5. Geological Survey (USGS) by means of a voluntary 
survey. Nine companies mined and processed feldspar from 
12 mines and beneficiating facilities—3 in North Carolina, 
3 in California, 2 in Idaho, and 1 in each of the 4 remaining 
States (table 3). Of these beneficiation facilities, four responded 
to the canvass, representing about one-third of the total 2012 
production tonnage listed in tables 1 and 2. Production for the 
remaining operations was estimated using prior-year output 
levels supplemented with worker-hour reports from the U.S. 
Department of Labor’s Mine Safety and Health Administration 
(MSHA). Production of feldspar in North Carolina decreased, in 
Part owing to decreased production by The Quartz Corporation 
(TQC) [a 50-50 joint venture of Imerys SA (Paris, France) and 
Norsk Mineral AS]. TQC specialized in high-purity quartz 
Production from Imerys’ pegmatite resources in Spruce Pine 
and concentrated on increasing markets for those products while 
Working to upgrade and expand the production and processing 
of associated feldspar and mica resources (Quartz Corp., The, 
2011; Imerys SA, 2013, p. 208, 238). 

FMinerals Inc. announced output and sales of feldspathic sand 
mined from the Helmer-Bovill property in north-central Idaho. 
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I-Minerals began production in the latter half of September, 
following approval by the Idaho Department of Lands to allow 
mining of up to 50,000 metric tons per year (t/yr) of feldspathic 
sand during June through October. F ollowing screening to 
remove material fines, an initial 30 t of silica-potassium feldspar 
product was sold to Wendt Pottery of Lewiston, ID, for further 
grinding, packaging, and sale to the pottery industry. I-Minerals 
expected to expand its sales to tile and pottery producers in 2013 
(I-Minerals Inc., 2012). 

Consumption.—The principal markets for feldspar were 
the ceramics and glass industries with lesser amounts used as 
fillers and extenders in paint, plastics, and rubber. In 2012, 
an estimated 5595, by tonnage, of domestic feldspar sold or 
used was consumed in the manufacture of glass, including 
glass containers, flat glass, fiberglass for home insulation, and 
specialty glass (table 4). In glassmaking, feldspar promotes 
the mixing of the melt components by fluxing (making fluid) 
the system—the alkalis in feldspar (especially potassium and 
sodium ions) lower the melting temperature and chemically 
bond with and promote the fusing of the other glass batch 
minerals such as silica. Stabilizing components in feldspar 
(alumina and calcium ions) impart increased resistance to 
physical and chemical breakdown. 

Much of the remaining feldspar consumption was in the 
manufacture of ceramics (pottery), including ceramic and 
porcelain tile, electrical insulators, sanitaryware, and tableware. 
In ceramics, as in glassmaking, the alkalis (calcium, potassium, 
and sodium) in feldspar act as flux, working with soda ash to 
lower the melting temperature of a mixture while increasing 
the fusibility of the batch materials and controlling the degree 
of vitrification of the ceramic body during firing. The value of 
total feldspar sold or used as listed in table 4 is higher than the 
feldspar production value listed in tables | and 2 because table 4 
values represent the final marketable feldspar products. 

In 2012, increased consumption of imported ceramic tile, a 
drawing down of stocks of feldspar produced in 2011 ‚ decreased 
foreign customer demand, and the Substitution of imported 
nepheline syenite for feldspar in ceramic tile (especially 
porcelain tile) and glass, contributed to decreased production 
and consumption of feldspar in 2012. 

The sales of glass containers in N 
stable in 2012. Nonglass container 
food, fruit juices, mineral water, and wine and a recent trend 
to import less expensive containers from China continued to 
provide increasing competition for domestic glass container 
production and thus reduced domestic consumption of 
traditional raw materials. 

The use of cullet, especially from post-consumer “оне. 
to-bottle” recycling programs, increasingly competed as a 
substitute for primary raw materials such as feldspar, tending to 


orth America remained 
5 for such products as baby 
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decrease the demand for them. Increasing the amount of cullet in 
glass container production decreases primary raw material and 
energy costs, reduces greenhouse gas emissions, and extends the 
life of glass manufacturing furnaces (Cattaneo, 2011). 

The construction industry was a major consumer of glass 
and ceramic products. In the United States, construction starts 
for new privately owned housing increased by about 28% 
to nearly 781,000 units in 2012 from 609,000 units in 2011, 
continuing the upward trend since 2009 when housing starts 
were 554,000 units, but remained significantly lower than 
annual starts reported from at least 1959 through 2007 (U.S. 
Census Bureau, 2013b). The value of total (private and public) 
residential and commercial construction, both of which use 
significant quantities of flat glass and ceramic tile products, 
also reversed the recent downward trend, increasing by about 
8.8% to $857 billion in 2012 from $788 billion in 2011. Total 
construction spending peaked at $1.17 trillion in 2006 (U.S. 
Census Bureau, 20132). 

In 2012, production increased in the domestic ceramic tile 
and automobile industries. For the third consecutive year 
shipments of domestic ceramic tile rose, increasing by about 
4% to 69.5 million square meters (Mm?) from 66.7 Mm? in 
2011. In 2012, imports of tile, which accounted for nearly 70% 
of U.S. tile consumption, increased by almost 6%, mostly from 
(in descending order) Mexico, China, and Italy. Exports of tile 
in 2012 increased by less than 196 (the majority, in descending 
order, going to Canada, Mexico, and China) (Whitmire, 2013b). 
Therefore, unlike 2011 when exports exceeded imports, in 2012, 
imports exceeded exports. In the automobile industry, a major 
consumer of glass products, production and sales of automobiles 
and light trucks in North America each increased by about 13% 
in 2012. Sales of medium and heavy trucks also increased by 
about 1396 in 2012 (Ward's Automotive Group, 2013). 

Foreign Trade.—In 2012, 68% of U.S. exports of feldspar 
went to Norway, 15% to Canada, and most of the remainder 
to Central American and South American countries (table 5). 
Nearly 85% of imports of feldspar were from Mexico and 13% 
from Germany (table 6). О 

World Review.—More than 70 countries had significant. 
resources of feldspar and more than 50 produced feldspar in 
2012. Italy was the leading producer, followed by Turkey, 
China, and Thailand. Estimated world production was 

d at 18.3 Mt (table 7). 
шо tile production in the world increased by 5.4% in 
2012 to 11,200 Mm? with increases in all producing regions 
except the European Union, where production was down by 
less than 196. Ceramic tile production, about 50% of which | 
was for floor tile, increased most substantially in China, India, 
and Iran. China, the world's leading producer and consumer, 
accounted for more than 46% of world production and nearly 
39% of world consumption, Brazil and India were second and 
third, respectively, in each category. The largest ари 
of growth in tile consumption was in Africa, up by 18.7% 10 
609 Mm?. Ceramic tile exports from China, the world-leading 
exporter, continued to increase, as did those of Spain and Iran, 
respectively the second and fourth leading exporting countries 


(Ceramic World Web, 2013). 
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China.—Feldspar was mined in the eastern and southeastern v 
provinces of China. Ranking third globally, China produced | 
an estimated 2.1 Mt of feldspar in 2012, which was used to | 
produce ceramic tile, sanitaryware, and tableware. China's | 
ceramics industry was concerned with overcapacity and excess H 
production relative to demand, increasing production costs, and d 
environmental controls. Porcelain tile was the main ceramic к 
tile produced, followed by polished and antique tile. (Hao and = 
Baylis, 2012; Ceramic World Web, 2013). ^ 

Greenland.—Hudson Resources Inc. initiated exploration Б 
of its 100%-owned Naajat (White Mountain) anorthosite | 
(calcium feldspar) project located in western Greenland with 


nearby access to shipping on the tidewater. Beneficiation tests 5 
performed on samples from the drilling project exhibited the $ 
need for minimal processing of the ore. The company initiated 7 


baseline environmental studies for an open pit mining project. 
Samples of anorthosite were shipped to potential end users 

in Europe and North America to market this new source of 
feedstock for the glass industry and as filler and extender 
material for the plastics, paint, and paper industries (Hudson 
Resources Inc., 2012). 

India.—The Board of the Indian Council of Ceramic Tiles 
and Sanitaryware asked the Government of India to place a ban 
on the export of feldspar and quartz. Demand for these minerals 
has increased and the Board maintained that increasing exports 
led to local shortages. Further depletion of these raw materials 
could lead domestic industries to rely increasingly on imports, 
thereby making tile and sanitaryware more expensive to produce 
and forcing manufacturers to shut down. In financial year 
(FY) 2012, the Indian Bureau of Mines reported that feldspar 
exports accounted for nearly 60% of production. In FY 2012, 
feldspar consumption in India increased by about 10%; 77% 
of consumption was by the ceramics industry, 14% by the 
glass industry, and the remaining 9% by the cement, refractory, 
abrasive, and electrode industries (Hindu Business Line, The, 
2012; Indian Bureau of Mines, 2013). 

Italy.—Italy, the world’s leading feldspar producer with an 
estimated 4.7 Mt, consumed most of its output in the domestic 
ceramics industry. Italy exported about 271,000 t of feldspar, 
72% to Spain, and imported nearly 2.2 Mt, nearly 82% from | 
Turkey (United Nations Statistics Division, undated а). Ceramic 
tile production, Italy's ceramics industry's leading sector and 
a significant consumer of feldspar, decreased by 8% to about 
370 Mm? in 2012 compared with output in 2011. Total sales 
volumes for the ceramics industry decreased by about 7% in 
2012 owing to a significant decrease in domestic sales and a 
small decline in exports (Confindustria Ceramica, 2013). | 

Turkey.—Turkey exported about two-thirds of its poe. 
of feldspar, about 45% of those exports went to Italy, 18 % to 
Spain, and 11% to the Russian Federation (United Nations 
Statistics Division, undated a). Also, Turkey was the leading 
supplier of feldspar to the Middle East, accounting for е 
of the feldspar entering the United Arab Emirates and Saudi У 
Arabia. Feldspar was mined in Anatolia in the southwestern p 
of the country, mainly from the Menderes Massif. 
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Nepheline Syenite 


Production.—No nepheline syenite was produced in the 
United States for ceramics, glass, or filler use. Nepheline 
syenite with high iron content, however, was produced in Little 
Rock, AR, by 3M Co., primarily for use in roofing granules for 
the asphalt shingle industry and also in asphalt and concrete 
aggregated road materials and related products. The Little 
Rock facility supplied the roofing industry in the southern and 
southeastern United States. 

Consumption.—In glass and ceramics manufacture, nepheline 
syenite, like feldspar, provides alkalis that act as a flux. In glass, 
nepheline syenite also supplies alumina, imparting the same 
benefits as feldspar. Nepheline syenite also is used as a filler in 
adhesives, paint, plastics, and sealants, and it can be used in the 
production of aluminum and fertilizers. 

World Review.—Nepheline syenite was produced in Brazil, 
Canada, China, Norway, Russia, and Turkey for feldspathic 
uses. The leading producer was Belgium-based SCR-Sibelco 
NV, through its subsidiaries, Sibelco Europe in Norway and 
Unimin Corp. in Canada. Other producers included Fineton 
Industrial Minerals Ltd. in China and OJSC Apatit AG and UC 
RUSAL in Russia. 

Canada.—- Canada's sole nepheline syenite producer, Unimin, 
operated two plants at its Blue Mountain and Nephton, Ontario, 
deposits, about 175 km northeast of Toronto. Production 
of marketable nepheline syenite was estimated to be about 
586,000 t in 2012 (Natural Resources Canada, 2013). The 
material was consumed in the glass, ceramics, filler, and 
abrasives markets. Canada's nepheline syenite exports were 
456,000 t in 2012, of which, 386,000 t were exported to the 
United States (United Nations Statistics Division, undated b). 

Norway.—Sibelco Europe produced nepheline syenite in 
the summer and autumn from an open pit on the Arctic Island 
of Stjemoy. On-site processing of the ore (crushing, drying, 
milling, sieving, magnetic separation, and air classification) 
resulted in various products for the glass, ceramics, and paint 
industries, and for desulfurization of steel. In 2012, exports of 
nepheline syenite from Norway were 315,000 t, most of which 
went to other European countries (United Nations Statistics 
Division, undated b). 

Russia.—UC RUSAL, a leading producer of aluminum, 
produced more than 4.9 Mt of nepheline syenite for use in the 
production of aluminum. The company's production was from 
its Kiya-Shaltyr Mine on the Goryachegorsk Massif in east- 
central Siberia (UC RUSAL, 2013). 
ur и Pee phosphate producer PhosAgro AG purchased 
E ie ederation's share of OJSC Apatit, Increasing its 
cies m УРЕДИ more than 67% with future plans to 
y e TENER 33% (OJSC PhosAgro AG, 2013b). 
oe i Ун у Russian producer of nepheline syenite for the 
conten MW К increased production by 696, 
NR Pu D t e P а nepheline concentrate 
Russia (OJSC Ph plex on the Kola Peninsula in northwest 

osAgro AG, 2013a, p. 32). 
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Outlook 


Producers of feldspar and nepheline syenite were expected 
to face continuing challenges during the next several years 
related to excess supply and increased production and 
transportation costs. Higher transportation charges for shipping 
feldspathic products by rail and truck likely will continue to 
increase delivered raw material costs to industrial consumers 
and could increase the cost of glass and tile. Demand for 
glass food containers in the United States, nonetheless, is 
expected to increase modestly during the next several years 
as a result of consumer demand and Federal Government and 
State government initiatives for environmentally friendly and 
recyclable food and beverage packaging, potentially increasing 
feldspar consumption by glass container manufacturers. 
Conversely, significant increases in glass container recycling 
could reduce the quantities of raw materials needed to 
manufacture these containers. 

The slow recovery in 2012 from the economic recession 
of 2008—09 was expected to continue in 2013 and 2014. As 
economic conditions improve, new residential construction and 
commercial and residential remodeling is expected to increase, 
creating increased demand for ceramics, fiberglass, and glass, 
and thus feldspar and nepheline syenite. Domestic fiberglass 
consumption also is likely to continue to increase as residential 
and commercial construction increases. 

The use of flat glass by the automobile and light truck 
industry in North America was expected to continue to increase 
during the next several years, albeit at more modest levels of 2% 
to 3% per year, leading to increased use of raw materials such 
as feldspar (Murphy and Stoddard, 2013). The production and 
sales of medium-weight and heavy trucks also were expected to 
increase but also at a slower pace than during the past few years 
(Ward’s Automotive Group, 2013). 

The ceramics industry was expected to continue its rebound 
of 2010-12 for the next several years, which likely will also 
increase the use of feldspar. Domestic consumption of ceramic 
tile was expected to continue to increase in 2013 (Whitmire 
2013a). Worldwide, demand for ceramic tile was expected | 
to be especially driven by increases in construction їп the 
emerging economies of Brazil, China, India, and Indonesia 
even as globally most ceramic tile is consumed in the residential 
replacement market. Although consuming much of its own 
output, China is likely to continue as an important exporter of 
ceramic tile. Residential replacement, which globally accounted 
epe — of the total mangi in 2011, was projected to 

est growing market for ceramic tile at an estimated 
annual rate of growth of more than 8% from 2012 to 2018. 
Owing to continued growth in construction and infrastructure 
especially in the emerging Asia Pacific economies of China | 
India, and Indonesia, demand for feldspar and associated | 
raw materials may follow. The potential volatility of raw 
material prices and government action regarding increasing 
environmental problems, such as urban and Suburban air and 
water pollution, may contribute to increasing production costs 
of ceramic tile and hinder growth. An increasing cohsufder 
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preference toward replacing paints, metal slabs, and marble 
flooring with ceramic tile may expand the ceramic tile market 
during the same forecast period (PR Newswire Association 
LLC, 2013). Innovative ideas and products in ceramics, such 
as thinner, stronger ceramic sheets that can be laid without 
removing existing tiled floors, and porcelain tile that offers 
superior physical and chemical characteristics, in part owing 


to increased feldspar content, are likely to help strengthen the 
ceramics industry sector. 
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TABLE 1 
SALIENT FELDSPAR AND NEPHELINE SYENITE STATISTICS' 


2008 2009 2010 2011 2012 


United States: 
Production, feldspar: 


Quantity" ^? metric tons 650,000 550,000 550,000" 590,000" 520,000 

Value thousands $40,000 $35,600 $33,400 840,500 $35,700 
| Exports, feldspar: 

Quantity metric tons 14,600 7,520 16,800 17,000 13,000 

Value? thousands $2,390 $1,150 $2,280 $3,020 $4,390 
| Imports for consumption" 

Feldspar: 

Quantity metric tons 2,030 2,120 2,050 1,710 1,640 


маме о каф 3646 $64 5503 8476 5342 
Nepheline syenite: 


Value thousands $35,000 $36,800 $52,400 $41,500 $44,200 
Consumption, apparent? ^ | © metrietons 960,000 850,000" 850,000" 970,000' 900,000 
World, production! thousand metric tons 21,400" 18,600"  20,800'  19,400'  18300* 
НИ D a Dod ARR о о. n 


Estimated. "Revised. 

'Data are rounded to no more than three significant digits. 

“Includes hand-cobbed feldspar, flotation-concentrate feldspar, feldspar in feldspar-quartz mixtures, and aplite; may differ from sales in table 4. 
Rounded to two significant digits to avoid disclosing company proprietary data. 

*Source: U.S. Census Bureau. 

*Free alongside ship (f.a.s.) value. 

*Customs value. 


"Production plus imports minus exports. Includes feldspar and imported nepheline syenite. 
*Feldspar only. 


TABLE 2 
ESTIMATED FELDSPAR PRODUCTION IN THE UNITED STATES! 


(Thousand metric tons and thousand dollars) 


Flotation concentrate Other? Total 
Year Quantity Value Quantity Value Quantity Value 
2011 220" 16,300 370° 24,200 590° 40,500 
2012 Е 160 12,700 370 23,100 520 35,400 


"Revised. 


Quantity data are rounded to two significant digits, and value data are rounded to three 
ТЕ tieni digits; may not add to totals shown. 


"Includes hand-cobbed feldspar, feldspar content of feldspar-quartz mixtures, and aplite; 
excludes nepheline syenite. 


FELDSPAR AND NEPHELINE SYENITE—2012 
24.5 


Digitized | Go gle UNIV 


TABLE 3 
U.S. PRODUCERS OF FELDSPAR IN 2012 


Company Location Product 
APAC-Central, Inc. Muskogee, ОК Feldspar-quartz mixture. 
G3 Enterprises Inc. Byron, CA Do. 
Graniterock Co. Felton, CA Do. 
I-Minerals, Inc. Bovill, ID Potassium feldspar-quartz-halloysite mixture. 
Pacer Corp. Custer, SD Potassium feldspar. 
P.W. Gillibrand Co., Inc. Simi Valley, CA Feldspar-quartz mixture. 
Quartz Corp., The Monticello, GA Potassium feldspar. 
Do. Spruce Pine, NC Sodium-potassium feldspar. 
Do. do. Sodium-potassium feldspar; feldspar-quartz mixture. 
Unimin Corp. Emmett, ID Feldspar-quartz mixture. | 
Ро. Spruce Pine, МС Sodium-potassium feldspar. 
U.S. Silica Holdings, Inc. Montpelier, МА Aplite. 
Do., do. Ditto. ЕЕ 
ТАВІЕ 4 
ESTIMATED FELDSPAR SOLD OR USED BY PRODUCERS IN 
THE UNITED STATES, BY USE"? 
(Thousand metric tons and thousand dollars) 
2n ____ 202  — 
Use Quantity Value Quantity — Value 
Glass? 322 24,700 287 21,100 
Ceramics/pottery and miscellaneous 268 16,600 230 15,200 
(Toad ss 590 — 41,300 4 520 36,300 © 
"Revised. 


Includes hand-cobbed feldspar, flotation-concentrate feldspar, feldspar in feldspar-quartz mixtures, 
and aplite. 


Quantity data are rounded to two significant digits, and value data are rounded to three significant 
digits; may not add to totals shown. 


Includes container glass, glass fiber, and other glass. | 
‘Represents final marketable product; value is higher than that listed for production in tables 1 and 2. 
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(Metric tons and dollars) 
2011 2012 
Country Quantity Value? Quantity Value? 

Argentina 16 6,390 395 47,400 
Brazil 53 35,300 313 33,200 
Canada 1,800 490,000 1,990 590,000 
China 93 64,300 166 50,600 
Colombia 773 282,000 584 109,000 
Costa Rica 38 5,830 177 41,200 
Japan 389 80,400 120 59,700 
Norway 13,500 1,920,000 8,860 3,330,000 
Panama 20 6,080 100 27,300 
Trinidad and Tobago 90 22,300 147 39,600 
Other (8 countries) 259 ' 111,000" 189 56,100 

Тога! 17,000 3,020,000 13,000 4,390,000 
"Revised. 


TABLE 5 
U.S. EXPORTS OF FELDSPAR, BY COUNTRY"? 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
Presentation of annual data is based on the quantities (gross weight) of the 10 leading 


countries in 2012. 
*Free alongside ship value. 


Source: U.S. Census Bureau. 


TABLE 6 
U.S. IMPORTS FOR CONSUMPTION OF FELDSPAR, BY COUNTRY OF 
ORIGIN"? 
(Metric tons and dollars) 
2011 2012 
Country Quantity Value? Quantity Value? 
China 30 7,370 40 13,200 
Germany 393 181,000 212 107,000 
Mexico 1,250 257,000 1,380 214,000 
Norway -~ -- 3 7,540 
United Kingdom 35 30,600 = a 
Total 1,710 476,000 1,640 342,000 
-- Zero. 


'Excludes nepheline syenite (mostly from Canada), which is listed in table 1. 
*Data are rounded to no more than three significant digits; may not add to totals 
shown. 

*Customs value. 


Source: U.S. Census Bureau. 
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TABLE 7 


FELDSPAR: WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons) 
Country and grade’ 2008 2009 2010 2011 2012* 
Argentina 220,234 213,551 ' 217,213 216,721 ! 215,000 
Australia, includes nepheline syenite* 50,000 50,000 50,000 50,000 50,000 
Brazil, processed, marketable 121,952 115,264 276,448 ' 333,352 ' 247,152 4 
Bulgaria“ 90,000 80,000 80,000 80,000 80,000 
Burma^? 10,000 10,000 10,000 10,000 10,000 
Chile 17,834 9,079 7,723 7,563 6,399 ^ 
China* 2,000,000 2,000,000 2,000,000 ' 2,100,000 2,100,000 
Colombia МА' МА ' МА ' NA‘ NA 
Cuba 4,300 4,700 2,800 3,100 € 3,800 
Czech Republic, excluding nepheline syenite 488,000 431,000 388,000 407,000 445,000 ^ 
Ecuador 86,889 ' 111,985 156,888 ' 83,481 € 85,000 
Egypt 168,673 " 5,953 г 3,808 ' 102,114 € 4,000 
Ethiopia? 520° 750 1,500 441 ' 370 
Finland 45,250 2,312' 28,013 € 26,292 "€ 43,124 * 
France, стаде“ 650,000 650,000 650,000 650,000 650,000 
Germany, for industrial uses? 161,416 ^ 201,000 ' 203,000 " 218,000 205,000 
Greece 62,000 55,737 € 23,050 € 10,200 ' 12,000 
Guatemala 45,854 5,762 402 2,890 ' 19,356 4 
India 385,436 ^ 390,000 400,000 420,000 430,000 
iran 501,821 634,503 ' 652,020 " 576,643 € 580,000 
Italy? 4,700,000 € 4,700,000 4,700,000 4,700,000 4,700,000 
Japan, includes aplite" 120,000 : 115,000 " 110,000 ' 104,109 74 100,000 
Jordan 2,950 -- -- -- -- 
Кепуа“ 30 30 30 35° 35 
Korea, Republic of 344,257 622,700 496,511 384,221 ' 360,413 * 
Macedonia 28,920 19,377 23,188 25,032 17,168 * 
Malaysia 457,371 410,053 ' 455,497 379,628 * 482,906 ^ 
Mexico 445,519 347,510 398,849 382,497 380,441 4 
Могоссо“ 28,000 ' 28,000 "€ -- т 43,889 ^^ 45,000 
Nigeria‘ 1,700 1,700 ' 1,616 ^^ 1,700 ' 1,700 
"Norway, excluding nepheline syenite 62,000 71,000 ' 56,000 ' 25,000 ^* --4 
Pakistan 28,300 : 46,000 102,000 ' 107,000 ' 62,000 
Peru 13,333 5,154 3,589 ' 11,645 26,359 * 
Philippines 15,838 16,394 15,882 22,050 ' 22,000 
Poland, run of mine* 599,100 445,500 513,700 * 510,000 "“ 510,000 | 
Portugal 157,539 157,476 € 121,827 " 114,600 ' 109,273 
Romania” ' 25,000 14,000 5,500 ' 2,500 ' 6,000 
Russia, excluding nepheline syenite® 45,000 45,000 45,000 45,000 45,000 А 
Saudia Arabia‘ 55,000 ' 55,000 ' 42,300 160,000 "^ 168,000 
Serbia NE EE _г mn | i 
ја“ 10,000 "4 10,000 " 10,000 ' == F 
T 105,815 101,394 94,307 101,559 " 94,458 
" r г 000 “< 580,000 
Spain, includes pegmatite 690,256 597,496 691,894 580, a one 
Sri Lanka 32,586 73,365 75,405 70,000 | 27 00 
Sweden, salable, crude and ground" 42,000 44,000 ' 44,000 ' 30,000 | rin " 619 4 
Thailand 670,618 718,692 ' 641,900 ' 1,041,152 | 3 ::00.000 
Turkey, run of mine 6,767,500 4,212,547 6,281,597 4,477,993 | TONES 
А . : e r r 500 ' 500 
United Kingdom, china stone 500 400 { 520,000 
United States^^* 650,000 550,000 550,000 ' ши б 
Uruguay ot -- ' E e NA 
Uzbekistan NA' NA" NA 170,000 € 170,000 _ 
Venezuela" 200,000 200,000 = 200,000 0007 18,200,000 — 
Total 21,400,000 ' 18,600,000 ' 20,800,000 ' 19,400,000 = 
“Estimated. "Revised. NA Not available. -- Zero. 
"World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
*Table includes data available through August 20, 2014. 
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TABLE 7—Continued 
FELDSPAR: WORLD PRODUCTION, BY COUNTRY"? 


Зо addition to the countries listed, Colombia, Namibia, the United Arab Emirates, Uzbekistan, and Yemen may produce feldspar, but ouput is not 
officially reported; available information is inadequate to make reliable estimates of output levels. 

*Reported figure. 

‘Data аге for fiscal year ending July 7 of the following year. 

Тре dedicated feldspar run-of-mine production accounts for only part of total feldspar production. 

"Rounded to two significant digits to avoid disclosing company proprietary data. 

‘Includes hand-cobbed feldspar, flotation-concentrate feldspar, feldspar in feldspar-quartz mixtures, and aplite. 


FELDSPAR AND NEPHELINE SYENITE—2012 
| 24.9 


Google 


љиљани 


a чазы 


916006-ражозп $<$әэәәе/бБло0'}5плутц1ец К ммм/ / : 9334 
26980710101' 127/1202/19и ' ој рџец ' 1р4//: 58334 


Original from 
UNIVERSITY OF CALIFORNIA 


Digitized by Google 


/ регтатбтр-916009 'ureuog эт1апа 
/ 149 90:11 SI-80-vZOZ UO рэзелэиэ9 


FERROALLOYS 


By George M. Bedinger, Lisa A. Corathers, Peter H. Kuck, John F. Papp, 
Désirée E. Polyak, Kim B. Shedd, and Christopher A. Tuck 


Domestic survey data and tables and the world production table were prepared by Glenn J. Wallace, international data 


coordinator. 


Ferroalloys are alloys of iron employed to add chemical 
elements into molten metal, usually during steelmaking. The 
alloying elements delivered by ferroalloys impart distinctive 
qualities to steel and cast iron or serve important functions 
during production. The leading ferroalloy-producing countries 
in 2012 were, in decreasing order of production, China (59%), 
South Africa (8%), India (6%), Russia (496), and Kazakhstan 
(4%) (table 7). These five countries accounted for 81% of world 
ferroalloy production. World production of bulk ferroalloys— 
chromium, manganese, and silicon—was estimated to have 
been 37.5 million metric tons (Mt) in 2012, a slight increase 
compared with the revised figure of 37.1 Mt for 2011 (table 7). 

Twelve companies in the United States produced 7 ferroalloys 
at 12 plants (table 1). Production statistics were concealed for 
most domestically produced ferroalloys after 2010 to avoid 
disclosing company proprietary data (table 7). U.S. reported 
consumption of the bulk ferroalloys in 2012 was approximately 
993,000 metric tons (t) of manganese and silicon ferroalloys 
(table 3) and about 256,000 t of contained chromium in 
ferrochromium (table 4). Comparing reported consumption 
in 2012 with that of 2011, ferrochromium increased slightly, 
ferromanganese (including silicomanganese) decreased slightly, 
and ferrosilicon decreased by 12%. The United States was 
а net importer of ferroalloys and ferroalloy metals in 2012. 

On a gross-weight basis, U.S. total ferroalloy and ferroalloy 
metal imports increased slightly and exports decreased by 16% 
compared with that of 2011, which resulted in a 2.7% increase 
in net imports (table 6). 


Ferrochromium 


The leading world chromite-ore-producing countries in 
2012 were South Africa (11 Mt), Kazahkstan (4.0 Mt), and 
India (3.9 Mt). More than 95% of chromite ore production was 
smelted in electric arc furnaces to produce ferrochromium for 
the metallurgical industry. The leading world ferrochromium- 
producing countries were South Africa (3 Mt), China (2.8 Mt), 
and Kazakhstan (1.3 Mt). India produced more than 0.8 Mt of 
ferrochromium. Of the 8.98 Mt of ferrochromium produced, 
Most Was consumed in the manufacture of stainless steel. The 
leading stainless-steel-producing areas of the world—Asia 
(primarily China, India, J apan, the Republic of Korea, and 
oo Europe (primarily Belgium, Finland, France, Germany, 
taly, Spain, Sweden, and the United Kingdom), and the 
а (primarily Brazil and the United States)—accounted 
ОТ most of world stainless steel production. World stainless 
steel production was estimated to be about 34 Mt in 2012, based 


ү Ше average of multiple reports. China accounted for 45% of 
global stainless stee] production. 
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In response to anticipated increases in demand, new 
ferrochromium-producing plants were under construction or 
planned in Kazakhstan and South Africa. Several industry 
trends were evolving—ferrochromium was being increasingly 
produced using ecological, energy- and recovery-efficient, 
prereduction, closed-furnace processes; chromium was being 
increasingly recovered from ferrochromium slag; and the 
ferrochromium and stainless steel production industries were 
consolidating ownership, and strategic alliances between these 
two industries were being developed. 


Ferromanganese 


Two manganese ferroalloys, ferromanganese and 
silicomanganese, are key ingredients for steelmaking. In 
the United States, two companies produced manganese 
ferroalloys—Eramet Marietta Inc. (owned by France’s Eramet 
Group) and Felman Production Inc. (owned by Miami-based 
Georgian American Alloys, Inc.) (table 1). In addition to 
domestic production in 2012, the United States imported 
749,000 t of ferromanganese and silicomanganese (gross 
weight). Of that amount, 45% was imported from South Africa 
(336,000 t), 15% from Georgia (114,000 t), 9.2% from Norway 
(68,900 t), and 7.8% from Australia (58,700 t) (Corathers, 
2013a, tables 3, 4). China was the leading world producer of 
manganese ferroalloys, with output about 270% greater than 


that of the next three major producers—India, South Africa, and 
Ukraine—combined (table 7). 


Ferromolybdenum 


Chile, China, and the United States accounted for about 
77% of world production of molybdenite ore in 2012. Three 
other molybdenite-ore-producing countries—Canada, Mexico 
and Peru—supplied an additional 14% of world production | 
Molybdenite concentrates are roasted to form molybdic | 
oxide, which can then be converted into ferromolybdenum 
molybdenum chemicals, or molybdenum metal. About 43% 
of the total reported molybdenum materials consumed in the 
United States (18,400 t) was in the form of molybdic oxides 
and about 27% was consumed as ferromolybdenum. Although 
the United States was the second leading molybdenum- у 
producing country in the world, it imported more than one 
of its ferromolybdenum requirements in 2012 (Polyak, 20 
The steel industry accounted for most of the ferromolybdenu 
consumed in the United States in 2012, principally in the D 
production of stainless and full alloy steels (table 4), 


-half 
14). 


Ferronickel 


In 2012, more than 85% of ferronickel consumed in the 
United States was used in stainless, heat-resistant, and 
certain alloy steels. No ferronickel was produced in the 
United States from lateritic ores in 2012. The International 
Metals Reclamation Co. produced a remelt alloy from recycled 
materials, which was used as a substitute for ferrochromium 
and ferronickel in the production of austenitic stainless steel. 
In 2012, excluding China, the major ferronickel-producing 
countries were Japan (372,000 t gross weight), New Caledonia 
(142,000 t), Brazil (135,000 t) and Colombia (128,000 t). China 
produced large tonnages of conventional ferronickel grades, 
ranging from 15% to as much as 8096 nickel content based 
on customer end use, plus nickel pig iron (NPI), a nickel-iron 
alloy containing less than 15% nickel, Тог an estimated output 
exceeding 1.4 Mt gross weight. 

In Brazil, Anglo American Brasil Limitada's Barro Alto 
plant produced 21,600 t of nickel content of ferronickel in 
2012, more than triple the 6,200 t output of 2011, and was 
scheduled to reach full production—41,000 metric tons per 
year (t/yr) of nickel content of ferronickel—in early 2013 
(Anglo American plc, 2013, p. 80—89). 

Vale S.A suspended operations at its Опса Puma ferronickel 
smelting complex in June 2012 after both furnaces developed 
problems and were damaged during ramp up. The company 
decided to rebuild one of the damaged furnaces at an estimated 
cost of $188 million and planned to resume ramp up of the 
rebuilt furnace in the fourth quarter of 2013. With only one 
furnace operating, the complex would have a nominal capacity 
of 25,000 t/yr of nickel content of ferronickel (Vale 5.А., 
2013, p. 16, 21, 40, 42, 64, F-29). 

In November 2012, the Government of Venezuela refused to 
renew the mining concessions and operating permits held by 
Minera Loma de Niquel C.A., and took control of the laterite 
mining and ferronickel operation. The Government had already 
canceled 13 of Loma de Niquel's concessions, forcing the parent 
company, Anglo American plc, to halt mining in September. 
Petróleos de Venezuela, S.A., the parastatal oil company, was 
given responsibility for the operation (Anglo American plc, 
2013, p. 81—82, 88; León, 2012). 

According to the China Nonferrous Metals Industry 
Association, China produced 308,000 t of nickel contained 
in NPI in 2012, up from 254,300 t in 2011 (Beijing Antaike 
Information Development Co., Ltd., 2013). At yearend 2012, 
at least 10 greenfield NPI plants were in varying stages of 
construction. One of these, the 600,000-t/yr NPI project of the 

Fujian Haihe Industry Co., started two 30,000-kilovolt-ampere 
(KVA) furnaces in May. Four 60,000-K VA furnaces were 
to be constructed in Phase 2 of the project (Beijing Antaike 
Information Development Co., Ltd., 2012). 


Ferrosilicon 


Silicon ferroalloy consumption is driven by cast iron and 
steel production, where silicon alloys are used as deoxidizers. 
Silicon metal was also used as an alloying agent with iron. 
Starting in 2011, domestic data for silicon metal containing 
less than 99.9% silicon—silicon metal used as feedstocks for 
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chemical, electronic, and metallurgical applications—were 
aggregated with those of ferrosilicon to avoid disclosing 
company proprietary data for both material categories. In 2012, 
total domestic ferrosilicon and silicon metal production was 
357,000 t on a gross-weight basis, which was slightly less than 
the revised amount (370,000 t) in 2011 (table 7). In addition 

to domestic production in 2012, the United States imported 
387,000 t of ferrosilicon and silicon metal (gross weight). 

Of that amount, 70% was imported from Russia (112,000 t), 
Canada (62,500 t), Brazil (46,200 t), and China (49,400 t) 
(Corathers, 2013b, table 6). China produced more ferrosilicon 
and silicon metal than the rest of the world combined and about 
four times more than that of the next three major producing 
countries—Russia, Norway, and the United States—combined. 
China's ferrosilicon and silicon metal production consisted of 
69% and 67% of the world total, respectively, excluding net 
production in the United States (table 7). 


Ferrotitanium 


Titanium is used in steelmaking for deoxidation, grain-size 
control, and carbon and nitrogen control and stabilization. 
During steelmaking, titanium is usually introduced as 
ferrotitanium, because it has a lower melting temperature and 
higher density than titanium scrap. Steels with relatively high 
titanium content include interstitial-free, stainless, and high- 
strength low-alloy steels. Ferrotitanium is typically produced by 
induction melting of titanium scrap with iron or steel; however, 
it also is produced directly from titanium mineral concentrates. 
The standard grades of ferrotitanium are 3096 and 70% titanium. 
U.S. producers of ferrotitanium were Global Titanium Inc. 
(Detroit, MD), with 10,000 t/yr of ferrotitanium production 
capacity, and RTI International Metals, Inc. (Canton, OH), 
with 7,260 Џуг of ferrotitanium and specialty alloy production 
capacity. The leading ferrotitanium-producing countries were 
China, India, Russia, and the United States. 

In the United States, reported domestic consumption of 
titanium products in steel and other alloys was 12,900 t (gross 
weight), a 396 increase compared with that of 2011. Increased 
global steel production in 2012 increased the demand for 
ferrotitanium. In 2012, the average U.S. spot-market price 
range for 70%-grade ferrotitanium reported by Platts Metals 
Week decreased to $3.20 to $3.25 per pound from $3.45 to 
$3.55 per pound in 2011. 


Ferrotungsten 


Tungsten is an important alloying element in high-speed and 
other tool steels and is used to a lesser extent in some stainless 
and structural steels. Tungsten can be added to steel melts as 
(1) ferrotungsten, which is a master alloy containing between 
75% and 80% tungsten; (2) tungsten melting base, which is a 
master alloy containing as much as 3876 tungsten; (3) tungsten 
metal scrap; or (4) scheelite ore concentrates (Lassner and Р 
Schubert, 1999, p. 307—312; Roskill Information Services Ltd., 
2007, p. 167-168, 174, 178-179). | 

World ferrotungsten production was dominated by China, 
where production was estimated to be 6,000 to 7,500 t, ad 
weight, during 2010-11. During the first half of 2012, China 
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production of ferrotungsten was 34% lower than that of the 

first half of 2011. China's full-year 2012 ferrotungsten exports 
decreased by 5396 to 459 t from 984 t in 2011. Although low in 
quantity (19 t, gross weight), China's imports of ferrotungsten 
increased in 2012 (Fang, 2012, p. 12, 18, 44; Liu, 2013, p. 36). 

Minpro AB (Strassa, Sweden) introduced a new type of 
ferrotungsten to the market. The ferrotungsten was produced 
from secondary (scrap) materials and was porous, which 
allowed it to dissolve more quickly in steel melts in spite of 
having a higher tungsten content than ferrotungsten produced 
by smelting ore concentrates. Minpro's plant in Strassa had a 
production capacity of about 1,000 t/yr of ferrotungsten, which 
was estimated to be sufficient to supply about one-third of 
European consumption (Advantage Environment, 2013). 

Vietnam Youngsun Tungsten Industry Co., Ltd.'s plant 
in Halong City, Quang Ninh Province, reportedly shipped 
2,700 t of ferrotungsten, mainly to Europe, but also to Japan, the 
Republic of Korea, and the United States. Vietnam Youngsun 
used domestic ore to produce the ferrotungsten (Hack, 2013; 
Metal Bulletin, 2013). 

At yearend, Hazelwood Resources was securing feedstock 
from overseas suppliers for its majority-owned, 4,000-t/yr Asia 
Tungsten Products ferrotungsten plant in the Vinh Bao district 
near the port of Haiphong in Vietnam. Hazelwood planned 
to produce the first salable ferrotungsten in the early 2013 
(Hazelwood Resources Ltd., 2012). 

U.S. reported consumption of ferrotungsten increased 
from that of 2011. The Platts Metals Week average annual 
ferrotungsten price was slightly lower than that of 2011; 
during the year, weekly prices ranged between $42 and 
$59.50 per kilogram of contained tungsten. 


Ferrovanadium 


In 2012, China, Russia, and South Africa accounted for 
96% of world vanadium mine production. In these countries, 
vanadium was primarily recovered from titanium-bearing 
magnetite ore processed to produce pig iron. The process 
produced a slag containing 20% to 2494 vanadium pentoxide, 
Which was further processed to ferrovanadium containing 40% 
to 5076 vanadium (Polyak, 2013). 

In 2012, vanadium recovered from various industrial waste 
materials, such as vanadium-bearing fly ash, petroleum residues, 
PIg tron slag, and spent catalysts was the leading source of 
U.S. vanadium production. A small amount of vanadium 
Was obtained as a coproduct from the mining of uraniferous 
sandstones on the Colorado Plateau (Polyak, 2013). 

In 2012, most of U.S. reported vanadium consumption was for 
steelmaking, principally in carbon, full alloy, and high-strength 
low-alloy steels. Ferrovanadium supplied 7994 of the 3,980 t of 
vanadium consumed in the United States (Polyak, 2013). Steel 


manufacturing consumed almost all of the ferrovanadium in 
2012 (table 4). 


Outlook 
The near-term trend for domestic ferroalloy consumption 


i expected to follow closely that of U.S. steel production. 
etails of the outlook for the steel industry are discussed in 
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the Outlook section of the Iron and Steel chapter of the 2012 
USGS Minerals Yearbook, volume I, Metals and minerals. 
Crude steel production in the United States increased slightly to 
88.7 Mt in 2012 from 86.4 Mt in 2011 (Fenton, 2014, table 1). 
According to the World Steel Association (20132), world raw | 
steel production in 2012 increased slightly to 1.55 billion metric 
tons (Gt) from 1.53 Gt in 2011. Raw steel production in China, 
the world's leading producer of raw steel, increased by 3.1% to 
about 717 Mt. 

Changes in steel production reflect changes in apparent 
use of steel. World apparent consumption of finished steel 
products increased slightly to 1.41 Gt in 2012. This was the 
smallest increase since 2009, when apparent consumption 
decreased by 6.5%, and was caused mainly by decreased 
apparent consumption in the European Union. Even in China, 
the leading world consumer of steel products, apparent steel 
consumption growth slowed, increasing slightly to 646 Mt in 
2012. The combined steel consumption in the BRIC countries— 
Brazil, Russia, India, and China—also only increased slightly 
to 785 Mt; these countries accounted for about 55% of the 
world total. World steel apparent consumption was projected 
to increase 1.45 in 2013 and 1.5 in 2014. Apparent steel use in 
North America was expected to increase by 4.5% to 135 Mt in 
2013 from that in 2012, and to 139 Mt in 2014, as a result of 
continued economic recovery (World Steel Association, 2013b). 

Chromium, manganese, silicon, and other ferroalloy metals 
are discussed in more detail, including domestic data coverage, 
foreign trade by country, outlook, and U.S. Government 
stockpile information, in the respective mineral commodity 


chapters in the U.S. Geological Survey Minerals Yearbook, 
volume I, Metals and minerals. 


References Cited 


Advantage Environment, 2013, Resource-efficient metal production: Stockholm 
Sweden, Confederation of Swedish Enterprise, January. (Accessed May 16 i 
2013, at http://advantage-environment.com/arbetsplatser/resource-efficient. 
metal-production/.) 

Anglo American plc, 2013, Nickel, in Fact Book 2012/13: London 
United Kingdom, Anglo American plc, p. 80-89, 134. 

Beijing Antaike Information Development Co., Ltd., 2012, Fujian Haihe NPI 
project comes on stream: Nickel Monthly, no. 14, June, p. 9-10. 

Beijing Antaike Information Development Co., Ltd., 2013, China's nickel 
apparent consumption reaches 219.3 kt duri : Ni 
dees ec р during Q3: Nickel Monthly, no. 30, 

Corathers, L.A., 2013a, Manganese in December 2012: 
Survey Mineral Industry Surveys, March. 

Corathers, L.A., 2013b, Silicon, in Metals and miner 
Minerals Yearbook 2012, v. I, p. 67.1—67.16. (Ac 
http://minerals.usgs.gov/minerals/pubs/commodi 
simet.pdf.) 

Fang, Jiyun, 2012, Update on the Chinese tun 
Tungsten Industry Association Annual Ge 
September 18-20, Presentation, 64 p. 

Fenton, M.D., 2014, Iron and steel, in Metals and min : : 
Survey Minerals Yearbook 2012, v. І, p. 37.1-37.1 MP S PAM 
October 16, 2014, at http://minerals.usgs.go 
iron_&_steel/myb1-201 2-feste.pdf.) 

Hack, Claire, 2013, Vietnam Youngsun Tungsten expects strong 2013 

" ups Metal Bulletin, no. 9292, March 4, p. 10. 

azelwood Resources Ltd., 2012, Ferrotungste 1 
Australia, Hazelwood Resources Ltd., ег un са к, 
Lassner, Erik, and Schubert, W.D., 1999, Tungsten— Properties, chemistry 


technology of the element, alloys, and chemical co : 
Plenum Publishers, 422 p. mpounds: New York, NY, 


U.S. Geological 

als: U.S. Geological Survey 
cessed October 16, 2014, at 
ty/silicon/myb1-2012- 


gsten market: International 
neral Meeting, 25th, Beijing, China 


v/minerals/pubs/commodity/ 


León, Mariela, 2012, Gobierno asume el control de Minera Loma де 
Níquel [Government takes control of Minera Loma de Nickel]: 


Roskill Information Services Ltd., 2007, The economics of tungsten (9th ed.): 


London, United Kingdom, Roskill Information Services Ltd., 220 p. 
El Universal, 13 November, 2 p. (Accessed February 14, 2014, at 


http://www.eluniversal.com/economia/121 1 13/gobierno-asume-el-control-de- 
minera-loma-de-niquel.) 

Liu, Renfeng, 2013, China tungsten market update: International Tungsten 
Industry Association Annual General Meeting, 26th, Sydney, Australia, 


Vale S.A., 2013, 2012 Form 20—F: Rio de Janeiro, Brazil, Vale S.A., 166 p. 
plus 8 appendixes. 

World Steel Association, 2013a, World crude steel output increases by 
1.2% in 2012: Brussels, Belgium, World Steel Association press release, 


January 22. (Accessed August 8, 2013, at http://www.worldsteel.org/ 
September 24—25, Presentation, 45 p. 


Metal Bulletin, 2013, Profile— Vietnam Youngsun Tungsten expects very good 


media-centre/press-releases/2012/12-2012-crude-steel.html.) 


World Steel Association, 2013b, Worldsteel short range outlook: 
year in 2013: Metal Bulletin, no. 9292, March 4, p. 10. 


Polyak, D.E., 2013, Vanadium, in Metals and minerals: U.S. Geological Survey 
Minerals Yearbook 2012, v. I, p. 80.1—80.9. (Accessed October 16, 2014, 
at http://minerals.usgs.gov/minerals/pubs/commodity/vanadium/myb]-2012- 


vanad.pdf.) 


Brussels, Belgium, World Steel Association press release, April 11. 
(Accessed August 8, 2013, at http://www.worldsteel.org/media-centre/ 
press-releases/2013/worldsteel-Short-Range-Outlook-A pril.html.) 


Polyak, D.E., 2014, Molybdenum, in Metals and minerals: U.S. Geological 
Survey Minerals Yearbook 2012, v. I, p. 50.1—50.13. (Accessed 


October 16, 2014, at http://minerals.usgs.gov/minerals/pubs/commodity/ 
molybdenum/myb1-2012-molyb.pdf.) 


254 


TABLE 1 
DOMESTIC PRODUCERS OF FERROALLOYS IN 2012 


Products! 

Company Plant location FeMo FeMn  FeNb FeSi  FeTi FeV SiMn 
Bear Metallurgical Co. Butler, PA X X | 
CC Metals & Alloys, LLC’ Calvert City, KY X 
Core Metals Group? Bridgeport, AL X 
Eramet Marietta Inc. Marietta, OH X X _ 
Felman Production Inc.? Letart, WV X 
Global Titanium Inc. Detroit, MI X 
Globe Metallurgical Inc. Beverly, OH X 


Metallurg Vanadium Corp. Cambridge, OH 


X 
Reading Alloys Inc. Robesonia, PA X | 
Stratcor, Inc. Butler, РА X 
Thompson Creek Metals Co. Inc. Langeloth, РА X 


'ЕеМо, ferromolybdenum; FeMn, ferromanganese; FeNb, ferroniobium; FeSi, ferrosilicon; FeTi, ferrotitanium; FeV, ferrovanadium; 
SiMn, silicomanganese. 


?Subsidiary of Georgian American Alloys, Inc. 
JOwned by Globe Specialty Metals. 


TABLE 2 
GOVERNMENT INVENTORY OF FERROALLOYS, DECEMBER 31, 20 12 


(Metric tons of alloys) 
Alloy Inventory _ 
Ferrochromium: 
High-carbon 94,300 
Low-carbon ЕС | 49,400 
Ferromanganese, high-carbon 348,000 


! Data are rounded to no more than three significant digits. 
?Data are uncommitted inventory. 


Source: Defense Logistics Agency, DLA Strategic Materials. 
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Steel: 


Carbon and high-strength low-alloy 
Stainless and heat-resisting 


Other alloy 
Tool 
Unspecified 
Total steel 
Cast irons 


Superalloys 
Alloys (excluding alloy steels and superalloys) 


End use 


Miscellaneous and unspecified 


Grand total 
Total 2011 
Percentage of 2011 


Consumer stocks, December 31 


"Revised. -- Zero. 


TABLE 3 
2 
REPORTED U.S. CONSUMPTION OF FERROALLOYS AS ALLOYING ELEMENTS BY END USE IN 2012! 


(Metric tons of alloys) 
FeB FeMn 
468 311,000 
207 9,660 

(3) 50,500 
(3) (3) 
198 983 
873 373,000 
(5) 8,870 
36 (6) 
(5) 702 
605 (6) 
1,510 382,000 
1,390: 394,000 ' 
109 97 
158 17,700 $ 


SiMn 


107,000 
15,700 
23,200 

(3) 

963 
147,000 
38] 
2,920 
(6) 


150,000 7 
154,000 77 


97 


4,230 È 


Рака are rounded to no more than three significant digits; may not add to totals shown. 
?FeB, ferroboron, including other boron materials; FeMn, ferromanganese, including manganese metal; SiMn, silicomanganese; 
FeP, ferrophosphorus, including other phosphorus materials; FeSi, ferrosilicon, including silicon metal, silvery pig iron, silicon 
carbide, and inoculant alloys; FeTi, ferrotitanium, including titanium scrap and other titanium materials. 


ЗАП or part included with "Steel, unspecified." 
^ All or part included with “Steel, other alloy." 


"All or part included with “Miscellaneous and unspecified.” 
АП or part included with “Alloys (excluding alloy steels and superalloys)." 


„ета evaluation indicates that silicomanganese consumption is considerably understated. 
Consumer and producer stocks. 
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FeP 


4,040 
(3) 

(3) 

(3) 
840 
4,880 
441 
(5) 

(5) 
462 
5,790 
5,750 
101 
651 


FeSi 


77,200 
48,500 
19,300 
(3) 
33,700 
179,000 
91,800 
972 
29,600 
160,000 


461,000 


526,000 " 
88 
14,200 


FeTi 


7,330 
3,360 
413 
(4) 
(4) 
11,100 
16 
568 
1,060 
135 
12,900 
12,500 ' 
103 
1,770 


25.5 


25.6 


(Metric tons of contained alloying elements) 


End use 
Steel: 


Carbon 
High-strength low-alloy 
Stainless and heat-resisting 
Other alloy 
Tool 
Unspecified 
Total 
Cast irons 
Superalloys 
Alloys (excluding alloy steels and superalloys) 
Miscellaneous and unspecified 
Grand total 
Total 2011 
Percentage of 2011 
Consumer stocks, December 31 


PPreliminary. Revised. W Withheld to avoid disclosing company proprietary data. -- Zero. 
ага are rounded to no more than three significant digits; may not add to totals shown. 


TABLE 4 
REPORTED U.S. CONSUMPTION OF FERROALLOYS AS ALLOYING ELEMENTS BY END USE IN 2012"? 


ЕеСг ЕеМо 
4,020 283 
1,760 123 

213,000 684 
15,300 3,440 
(4) (5) 
8,700 -- 
243,000 4,530 
(6) 345 
9,450 (5) 
3,220 (5) 
(6) 139 
256,000 5,010 
253,000 ' 5,470 ' 
101 92 
7,620 331 


FeNb 


1,570 
(3) 
811 
318 
17 
3,320 
6,030 
1,620 
20 
7,670 
9,330 ' 
82 
388 


(3) 
12,700 P 
12,700 P 


(5) 
2,080 P 
14,800 Р 
13,900 ' 

106 
996 P 


FeV 


737 
(4) 

62 
2,320 
(4) 
3,120 
(5) 


14 
3,140 
4,140 " 

76 

209 


*FeCr, ferrochromium, including other chromium ferroalloys and chromium metal; FeMo, ferromolybdenum, including calcium molybdate; 


FeNb, ferroniobium, including nickel niobium; FeNi, ferronickel; FeV, ferrovanadium, including other vanadium-carbon-iron ferroalloys; 


and FeW, ferrotungsten. 
? All or part included with “Steel, unspecified." 
^ All or part included with “Steel, other alloy." 


ЗА! or part included with “Miscellaneous and unspecified.” 


6 All or part included with “Grand total.” 
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TABLE 5 


SELECTED FERROALLOY PRICES IN 2012 


Chromium: 
Ferrochromium: 


0.05% carbon! 
0.10% carbon! 


0.15% carbon! 
Over 4% carbon: 
49-51% chromium! 
60-65% chromium! 

Manganese: 

Medium-carbon ferromanganese! 

Standard high-carbon ferromanganese” 

Silicomanganese? 
Molybdenum: 

Ferromolybdenum* 

Molybdenum oxide‘ 
Silicon: 

50% ferrosilicon! 

75% ferrosilicon’ 

Silicon metal! 
Vanadium, ferrovanadium' 
! Cents per pound of contained element. 
"Dollars per gross ton. 
*Cents per pound. 
“Dollars per pound of contained element. 


Sources: Platts Metals Week and Ryan’s Notes. 
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High 


236.29 
219.34 
210.91 


110.17 
112.03 


92.53 
1,232.06 
63.35 


14.85 
12.85 


101.65 
92.70 
129.08 
15.73 


Low 


232.46 
215.42 
208.39 


105.65 
108.00 


89.61 
1,210.32 
60.87 


14.58 
12.63 


99.23 
90.26 
123.19 
[4.04 


Average 


234.37 
217.38 
209.65 


107.91 
110.02 


91.07 
1,221.19 
62.11 


14.72 
12.74 


100.44 
91.48 
126.13 
14.88 


ТАВГЕ 6 
U.S. IMPORTS FOR CONSUMPTION AND EXPORTS OF FERROALLOYS AND FERROALLOY METALS IN 2012! 


ERE а M EM Se 


RM eso uror" а == 


ee ee 
Imports Exports 
Gross weight Contained weight Value Gross weight Contained weight Value 
Alloy (metric tons) (metric tons) (thousands) (metric tons) (metric tons) (thousands) 
Ferroalloys: 
Chromium ferroalloys: 
Ferrochromium containing: 
More than 4% carbon 449,000 257,000 $526,000 4,460 2,240 $5,790 
Not more than 4% carbon XX XX XX 768 347 1,350 
More than 3% but not more than 4% carbon 411 222 221 XX XX XX 
More than 0.5% but not more than 3% carbon 7,580 5,150 18,500 XX XX XX 
Not more than 0.5% carbon 43,900 30,300 146,000 XX XX XX 
Ferrochromium-silicon 25,800 9,730 36,500 64 22 105 
Total 526,000 302,000 728,000 5,300 2,610 7,250 
Manganese ferroalloys: 
Ferromanganese containing: | 
More than 496 carbon 300,000 231,000 316,000 XX XX XX 
More than 2% but not more than 4% carbon 177 146 414 XX XX XX 
More than 196 but not more than 2% carbon 66,500 53,500 98,200 XX XX XX 
Not more than 196 carbon 34,700 29,200 67,300 XX XX XX 
Ferromanganese, all grades XX XX XX 5,350 XX 6,540 
Silicomanganese 348,000 231,000 419,000 5,850 XX 8,220 
Total 749,000 545,000 901,000 11,200 XX 14,800 
Silicon ferroalloys: 
Ferrosilicon containing: 
More than 55% silicon XX XX XX 15,200 9.750 22,800 
55% to 80% silicon and more than 3% calcium 3,440 2,520 5,930 XX XX XX 
Magnesium ferrosilicon 17,500 7,890 35,800 XX XX XX 
Ferrosilicon, other” .. 25.000 1600 — 331000 5370 20 1160 
Total 250,000 173,000 373,000 20,600 12,200 34,000 
Other ferroalloys: 
Ferrocerium and other pyrophoric alloys 1,390 XX 11,800 XX XX XX 
Ferromolybdenum 6,450 4,320 138,000 1,440 996 33,100 
Ferronickel 39,000 13,000 228,000 314 182 5,190 
Ferroniobium 11,400 XX 324,000 512 XX 5.630 
Ferrophosphorus 7,070 XX 4,340 161 XX 358 
Ferrotitanium and ferrosilicon-titanium 2,410 XX 12,000 3,610 XX 17,300 
Ferrotungsten and ferrosilicon-tungsten 410 316 14,200 3 2 32 
Ferrovanadium 5,230 4,190 108,000 454 337 11,000 
Ferrozirconium 6 XX 72 2,560 XX 6,420 
Ferroalloys, other |. 8160 — хх 32200 3240 Y (xx __ 790 
ОО та ——  — 8600 2180 87,00 1230 à 15920 8699 
Total ferroalloys 1,610,000 1,040,000 2,880,000 49,400 16,300 143,000 
Metals: 
Chromium (total, all grades) 15,300 XX 203,000 462 XX 13,000 
Manganese: 
Metal, including alloys and waste and scrap XX XX XX 2.580 XX 7,510 
Unwrought 43,300 XX 125,000 XX XX XX 
Other manganese, wrought 55 XX 457 XX | XX XX 
Silicon: 
Less than 99% silicon 25.400 24,900 67,500 10.900 10.200 37.300 
Less than 99.9994 but not less 99% silicon 109,000 109,000 328,000 9,700 9,300 27,000 
More than 99.99% silicon о 2580 | XX _ 15700 5 s. 600 "XX 1.840,000 
заав ___9бю__ пою вю 79200 195001920000 
XX Not applicable. ,800,000 1,180,000 3,760,000 129,000 35,900 2,070,000 


! Data аге rounded to no more than three significant digits; may not add to totals shown. 
Includes less than 55% silicon and 55% to 80% silicon, other. 
?Includes imports of ferrosilicon containing 80% to 90% silicon and more than 90% silicon. 


Source: U.S. Census Bureau. 
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TABLE 7 
FERROALLOYS: WORLD PRODUCTION, BY COUNTRY, FURNACE TYPE, AND ALLOY TYPE! 


(Metric tons, gross weight) 


Country, furnace type, and alloy type? 2008 2009 
Albania, electric furnace, ferrochromium 11,916 7,556 
Argentina, electric furnace:* 

Ferrosilicon 10,400 11,300 
Silicomanganese 9172 * 6,644 ? 
Total 19,600 17,900 
Armenia, electric furnace, ferromolybdenum 5,325 5,144 
Australia, electric furnace: 
Ferromanganese 147,000 87,000 
Silicomanganese 125,000 74,000 
Silicon metal 35,000 30,000 
Total 307,000 191,000 
Austria, electric furnace: 
Ferronickel, including ferronickel molybdenum! 1,250 * 1,750 
Other 305,750 ' 586,250 ' 
Total® 307,000 ' 588,000 ' 
Bahrain, electric furnace:* 
Ferromanganese -- 5,700 
Silicomanganese -- 6,500 
Total -- 12,200 
Bhutan, electric furnace, ferrosilicon, exports 30,824 90,798 
Bosnia and Herzegovina, electric furnace, net exports: 
Ferrosilicon 640 470 
Silicon metal 12,400 11,000 
Total 13,000 11,500 
Brazil, electric furnace: 
Ferrochromium? 194,324 131,048 
Ferrochromium silicon 11,507 11,510 
Ferromanganese* 155,000 ' 42,300 ' 
Ferronickel 36,544 37,708 
Ferroniobium (ferrocolumbium) 53,839 34,746 
Ferrosilicon* 144,832 ? 145,000 
Ferrotitanium 4,002 482 
Silicomanganese® 233,000 ' 112,000 ' 
Silicon metal* 131,940 ? 132,000 
Other® 19,344 3 19,350 3 
Total 984,000 666,000 
Bulgaria, electric furnace, ferrosilicon? 6,000 ? 3,000 ? 
Canada, electric furnace: 
Ferroniobium (ferrocolumbium) 7,000 ' 7,000 ' 
Ferrosilicon 35,000 25,820 ? 
Ferrovanadium 1,000 900 
Silicon metal 50,000 30,000 
Total 93,000 ' 63,700 ' 
Chile, electric furnace, ferromolybdenum Erat 10,820 
China; 
Blast furnace: 
Ferromanganese 600,000 350,000 
Other 50,000 30,000 
. Electric furnace: 
.. Ferrochromium 1,500,000 1,810,000 
..Ferromanganese 2,100,000 2,070,000 
Ferromolybdenum 80,000 90,000 
Ferronickel and high nickel pig iron 590,000 600,000 
.. Ferrosilicon 4,900,000 5,100,000 
.. Ferrotitanium 14,000 300 


See footnotes at end of table. 
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2010 
23233 


11,000 
10,900 
21,900 

5,126 


136,000 
131,000 

30,000 
297,000 


1,500 
635,500 " 
637,000 " 


5,600 
3,700 
9,300 
97,528 


870 
17,300 
18,200 


277,114 
11,600 
92,000 ' 
33,860 
52,588 

145,000 

806 ' 

214,000 * 

132,000 
19,400 

978,000 " 


7,000 ' 
36,786 ? 
900 
30,000 
74,700 ' 
12,485 


350,000 
30,000 


2.400,000 
2.300,000 


90,000 
900,000 


5,300,000 


5,600 


2011 
28,694 ' 


11,000 
11,000 ' 

22,000 ' 
9.2495" 


146,000 
130,000 

30,000 
306,000 


1,750 ' 
648,250 ' 
650,000 " 


35,300 

3,000 
38,300 
94,000 


1,800 
17,500 
19,300 


145,122 ' 
11,700 * 
88,000 ' 
67,000 " 
52,600 

145,000 

39" 

227,000 * 

132,000 * 
19,500 

888,000 * 


8,000 € 
31,039 3 
900 
30,000 
69,900 ' 
17,177 


350,000 


r 


2,700,000 ' 
2,600,000 * 


53,000 ' 


1,280,000 ' 
5,400,000 


5,000 


2012* 
29,000 


11,000 
11,000 
22,000 

5,600 


102,000 
96,000 
30,000 

228,000 


2,000 
598,000 
600,000 


35,100 

3,000 
38,100 
94,000 


15,900 
15,900 


150,000 Р 
11,700 
96,000 P 


135,400 P? 


52,600 
145,000 
105 P 
219,000 P 
133,000 
19,500 
962,000 


OU 


350,000 


2,800,000 
2,800,000 


80,000 


1,400,000 
5,500,000 


5,000 
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TABLE 7— Continued 
FERROALLOYS: WORLD PRODUCTION, BY COUNTRY, FURNACE TYPE, AND ALLOY TYPE! 


(Metric tons, gross weight) 


, SEIL IEEE ee уыс с—=——— 


у р 2017 _ 
China—Continued:* 
Electric furnace—Continued: 
Silicomanganese 5,000,000 5,430,000 5,840,000 6,700,000 ' 6,900,000 
Silicon metal 1,100,000 ' 993,000 ' 1,140,000 " 1,050,000 ' 1,500,000 
Other 3,230,000 6,620,000 7,600,000 8,000,000 7,000,000 
Total, blast and electric furnaces 19,200,000 * — 23,100,000 * 26,000,000 ' 28,100,000 * — 28,300,000 
Colombia, electric furnace, ferronickel 126,638 153,628 145,239 103,371 € 127,509 3 
Czech Republic, electric furnace, other? 2,800 = = = = 
Dominican Republic, electric furnace, ferronickel 47,408 -- — 34,610 38,938 3 
Egypt, electric furnace: 
Ferromanganese" 28,800 ? 26,300 ? 20,000 ? 30,000 30,000 
Ferrosilicon 59,000 78,000 78,000 78,000 78,000 
Total 87,800 104,000 98,000 108,000 108,000 
Finland, electric furnace, ferrochromium* 233,550 ? 123,310 ? 125,000 125,000 125,000 
France, electric furnace: 
Ferromanganese" 46,600 46,000 138,100 130,500 101,000 
Ferrosilicon* 30,000 18,300 27,000 59,000 71,000 
Silicomanganese" 60,200 54,100 62,400 63,400 68,500 
Silicon тета!“ 118,000 80,000 112,000 128,000 130,000 
Other* 60,000 60,000 60,000 60,000 60,000 
Total® 315,000 258,000 400,000 441,000 431,000 
Georgia, electric furnace: 
Ferromanganese 11,342 ' 1,838 ' 824° s1 - 
Silicomanganese 113,455 ° 112,016 203,464 242,746 ' 257,421 ? 
Total 124,797 ' 113,854 ' 204288' 242,746" 257,421? _ 
Germany, electric furnace: 
Ferrochromium" > 26,960 ? 13,667 ? 17,300 17,800 17,500 
Silicon metal 29,092 27,620 30,105 30,134 30.000 
Other 5,000 6,336 ? 9,200 9.000 9,000 
Total® 61,100 47,623 3 56,600 _ 56,900 56,500 
Greece, electric furnace, ferronickel 87,664 42,423 69,596 " 93,905 ' 96,435 P> 
Iceland, electric furnace, ferrosilicon 107,882 ' 112,993 114,231 120,076 115,000 
India, electric furnace:*° 
Ferroaluminum КЕ 8,170 3 7,017 ? 7.000 7.000 7,100 
Ferroboron E 83 90 ? 95 98 95 
Ferrochromium" 750,000 ? 873,385 850,000 830,000 800.000 
Ferromanganese" = 386,200 ? 399,100 ? 413,000 ' 420,000 ' 463,900 
Ferromolybdenum 2,162? 2.822? 3,000 3.200 3.100 
Ferronickel magnesium 2213 209 3 229 r3 255 "3 212 
Ferrosilicomagnesium 13,400 ? 17,342 ? 17,000 18,000 18.000 
Ferrosilicon 92,000 101,337 3 101,000 105,000 108,000 
Ferrosilicozirconium 87? 120 3 150 170 180 
 Femotitaniuum — — — 1 1 1. 1,661? 2,379 3 2,200 2.300 2.400 
. Femotungsten — 00 —— 150 ? 150 3 150 "3 225 "3 230 
SURE rese Dot 1.769" 1,800 1,850 1.900 
Silicomanganese n 848,700? . 875,500? . 1,170,000? 1,433,600 ^? 1,522,600 
M —— [ÉÍÓ|——— 2,104,335" 2.281220"? 2,570,000" — 2,820,000' — 2930,000 _ 
Indonesia, electric furnace; 
Ferromanganese 
E id T o | _ | 12,000 12,000 13,000 
TITRE o о 93,300 98,200 91,500 
Total 197.000 81 700 8,000 8,000 _ 9,000 _ 
, Д 113,000 118,000 114,000 


See footnotes at end of table. 
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TABLE 7—Continued 
FERROALLOYS: WORLD PRODUCTION, BY COUNTRY, FURNACE TYPE, AND ALLOY TYPE! 


(Metric tons, gross weight) 


Country, furnace type, and alloy type? 2008 2009 2010 2011 2012* 
Iran, electric furnace: 
Ferrochromium NA' NA' МА ' NA‘ NA 
Ferrosilicon МА ' NA‘ МА ' NA‘ NA 
Total NA‘ МА ' МА ' NA" NA 
Italy, electric furnace: 
Ferromanganese“ 8,500 5,500 17,000 18,000 18,000 
Silicomanganese" 25,500 17,000 22,900 24,600 42,000 
Other, excluding calcium-silicon* 10,000 10,000 10,000 10,000 10,000 
Total* 44,000 32,500 49,900 52,600 70,000 
Japan, electric furnace: 
Ferrochromium’ 13,888 7,698 16,208 15217“ 18,000 
Ferromanganese 431,181 361,375 453,265 456,798 436,171 ? 
Ferromolybdenum 4,554 3.598 4,615 5,167 € 5,200 
Ferronickel 301,361 284,884 348,420 279,944 ' 371,913? 
Ferrovanadium 3,477 2,560 4,190 3,980 ' 4,000 
Silicomanganese 58,884 49,205 49,865 49,798 ' 52.287 ? 
Other 14,478 12,957 16,374 20,913 €" 21,000 
Тога! 827,823 722,277 892,937 833,817 ' 909,000 
Kazakhstan, electric furnace: 
Ferrochromium 1,220,315 1,173,286 1,311,302 1,289,917 ' 1,305,566 ? 
Ferrochromium silicon 133,828 60,829 159,765 143,296 ' 164,854 ? 
Ferrosilicon 54,964 33,100 4,813 1,683 ' 496 ? 
Silicomanganese 179,939 200,374 224,627 232,039 ' 251,445 3 
Silicon metal -- -- 1,500 8,000 18,000 ? 
Other 1,473 1,205 1,283 1,754 1,845 2 
Total 1,590,519 " 1,468,794 ' 1,703,290 ' 1,676,689 ' 1,742,206 ? 


DOS NA ' МА! МА ' NA ' МА 


Korea, North, electric furnace, other МАА 


Korea, Republic of, electric furnace: 


Ferromanganese 251,125 216,400 286,259 355,047 364,800 
_ Ferronickel A = 6,600 56,911 55.215 50,069 51,300 ? 

Silicomanganese 76,184 151,100 4 120,779 195,650 184,700 4 
_ Other i 4,000 * = 63 A 25 

Total 338,000 * 424411 462,253 600,766 601,000 

Kosovo, ferronickel 24,300 47,900 ' 41,300 ' 35,100 ' 20,100 
Laos, silicon metal, net exports" 3,020 7,350 7,110 3,001 ' 15,281 ? 
Macedonia, electric furnace: 

Ferromanganese di 12,623 га 5 5, тА 
_ Ferronickel | 65,300 52.200 62,700 ' 75,200 ' 83,700 ? 

Ferosilicon — И 42,674 7,657 30,044 56,167 42,402? 
_ Silicomanganese 54,931 " 36,705 50,756 14,179 ? 
.. Total -. 175,528 ' 59,857 | 129,449 " 182,123 ' 140,281 ? 
Mexico, electric furnace:* 
_ Ferromanganese 97,366 42,492 81,019 € 73,684 ' 61,939 ? 

 Silicomanganese 114,320 85,065 134,470 ' 139,044 ' 161,336 ? 

Total —— | ~ 211,686 127,557 215,489" 212,728" 223275? 

New Caledonia, electric furnace, ferronicke — 123,600 ' 126,100 ' 131,300 ' 132,100 ' 142,000 
Norway, electric fumace: —— и = 
_ Ferromanganese* 308,400 196,700 297,300 337,900 325,900 
_ Ferrosilicon 185344" 233,974" 225,000" 170,102" 220,000 
_ Silicomanganese! 262,400 231,300 248,700 266,000 271,400 3 

Silicon metal” _ 155,000 ' 150,000 ' 175,000 ' 175,000 ' 150,000 
_ Total 911,000 ' 812,000 ' 946,000 ' 949,000 ' 970,000 
Peru, electric furnace, ferrosilicon" 600 600 600 600 600 


See footnotes at end of table. 
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ЕЕЕКОА 075: WORLD PRODUCTION, BY COUNTRY, FURNACE TYPE, AND ALLOY ТҮРЕ! 


(Metric tons, gross weight) 
Country, furnace type, and alloy type? 2008 2009 2010 2011 2012* 
Poland: 
Blast furnace, ferromanganese 8,500 1,700 800 * 800 "° 800 
Electric furnace: 
Ferrosilicon 56,031 9,685 53,206 72,668 ' 73,000 
Silicomanganese 25,100 -- 100 " 100 =° 100 
Total, blast and electric furnaces 89,631 11,385 54,106 ' 73,600 ^* 73,900 
Romania, electric furnace: 
Ferrochromium 6,000 15,000 14,000 -- -- 
Silicomanganese" 10,000 == 20,000 ' 31,000 ' 16,500 
Total 16,000 15,000 34,000 ' 31,000 ' 16,500 
Russia: 
Blast furnace: 
Ferromanganese 110,000 88,000 ? 171,600 ? 146,000 ' 165,000 
Ferrophosphorus 3,500 3,000 3,600 3,600 3,600 
Spiegeleisen 7,000 6,500 5,500 6,000 " 6,000 
Electric furnace: 
Ferrochromium 490,000 378,000 ? 414,288 ^? 501,700 "? 500,000 
Ferrochromium silicon 4,000 3,500 4,200" 4,200 * 4,200 
Ferronickel: 
High-nickel?? 17,971 18,312" 19,763 19,881 11,529 
Other" 13,440 14,040 14,600 14,700 * 8,520 
Ferroniobium (ferrocolumbium) 80 79 80 80 80 
Ferrosilicon 850,000 745,000 916,000 1,030,000 ' 1,050,000 
Ferrotitanium NA NA 4,000 4,000 4,000 
Ferrovanadium 12,000 8,029 ? 13,057 ? 13,500 13,500 
Silicomanganese 40,000 98,700 ? 147,900 ? 150,000 160,000 
Silicon metal 54,000 23,900 48,700 52,000 ' 52,000 
Other 22,000 20,000 18,000 18,000 ' 18,000 
Total, blast and electric furnaces 1,620,000 1,410,000 1,780,000 1,960,000 * 2,000,000 
Saudi Arabia, electric furnace: 
Ferromanganese' 38,500 37,500 26,000 26,000 26,000 
Silicomanganese* 57,700 60,000 61,300 96,000 80,000 
Other! 90,000 80,000 90,000 90,000 90,000 
Toh , 186000 178,000 177,000 212,000 196,000 
Slovakia, electric furnace: 
^ Femomanganese - 61,194 21,000 35,449 18,180 12,862 ? 
ет 10,844 8,622 37,034 38,771 24,658 ? 
—Silicommganse __________________ 59,940 32,000 34,960 25,023 50,089 ? 
Total 131,978 61,622 107,443 81,974 87,609 ? 
South Africa, electric furnace: 

— Femochromum 3,268,659 2,346,132 3,607,132 3,425,911" 3,000,000 
^Femomanganse —— 983,000 273,000" 473,000' 714,000 " 730,000 > 
Ferronickel, high-nickel 5,733 1,067 1,040 975 ^* 940 
Ferrosilicon 134,500 " 110,400 " 127,500 ' 124,300 ' 120,000 
pt CEN 19,000 14,000 19,000 19,000 * 17,000 
 Siicommgans — 00000000000 231,100 135,100 274,400 313,600 148,800 
Silicon metal 51,800 " 38,600 ' 46,400 ' 58,8007 | 55,000 — 

Ec HMM 4,220,000" 2,920,000: 4,550,000' — 4,660,000" 4,070,000 
; ; ге 
Spain electric furnaces ____________--- 148.000 "3 23,400 "3 102,200 ^? 92,100 "3 80,200 
Ferromanganese ? 
саа 74,000 44,000 64,400 57,000 42,000 
Ferrosilicon ; " 
m se 111,400 '? 64,100 "3 134,200 ^? 142,300" 148,100 
соте HEB 33,000 23,000 32,500 43,000 62,000 
ED Uo SS авио 5.000 5.000 5,000 5000 | 500 _ 
О 37,00: — 160000'  338000' — 339000 331000 — 


See footnotes at end of table. 
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TABLE 7—Continued | 
FERROALLOYS: WORLD PRODUCTION, BY COUNTRY, FURNACE TYPE, AND ALLOY TYPE 


(Metric tons, gross weight) 


Country, furnace type, and alloy type? 2008 2009 2010 2011 2012 
Sweden, electric furnace: 

Ferrochromium 117,053 3 31,345 ? 36,000 36,000 36,000 

Ferrosilicon --' -- ' --' -- ' = 

^ Total 117,053 "3 31,345 "5 36,000 ' 36,000 ' 36,000 

Turkey, electric furnace: 

Ferrochromium 79,840 ? 41,028 ? 60,000 60,000 60,000 
Ferrosilicon а > 4,500 4,000 4,000 4,000 4.000 
Total 84,300 45,000 64,000 64,000 64,000 
Ukraine, electric furnace: 
Ferromanganese 362,400 129,400 280,100 180,500 151,600 ? 
Ferronickel” 89,825 61,449 102,940 ' 88,903 ' 119,652 
Ferrosilicon ga 152,800 150,300 195,500 150,900 119,400 ? 
Silicomanganese 894,900 741,900 940,400 843,500 724,600 ? 
Other* 23,000 23,900 28,500 25,100 ' 25,000 
Тога!“ 1,520,000 1,110,000 1,550,000 1,290,000 ' 1,140,000 

United States, electric furnace:” 

. Ferrochromium" W W -~ an x 
Ferrosilicon 248,000 194,000 246,000 " W W 
Other W W W W W 

Total W W W W W 

Uzbekistan, silicon metal = = = ~ 1,700 


Venezuela, electric furnace:* 
4 
Ferromanganese 


20,000 15,800 5,300 12,000 ? 9,000 ? 
Ferronickel 42,300 40,113 45,200 51,800 31,300 
. Ferrosilicon 88,000 52,100 76,800 70,000 81,000 
Silicomanganese* 52,000 45,800 16,500 24,000 ? 14,200 ? 
Total 202,000 154,000 144,000 _ 158,000 136,000 
Zimbabwe, electric furnace: 
Ferrochromium д 145,430 12,223 146,000 * 140,000 * 137,534 P? 
Ferrochromium silicon 1,612 __ 603 -- е 5 
Total | | 147,042 72,826 ____146,000“ _ 140000* 13753493 
Grand total —— 37,600,000 " 38,300,000" 45,800,000" 48,300,000 г 47,900,000 
Of which: 
Blast furnace: 
Ferromanganese Mn 719,000 440,000 522,000 * 497,000 ' 516,000 
Spiegeleisen ч 7,000 6,500 5,500 6,000 " 6,000 
Other _ 53,500 33,000 33,600 3,600 * 3,600 
Electric furnace: 
.  . Ferrochromium’ ч _ 8,060,000 ' 7,020,000 " 9,300,000 ' 9,320,000 ' 8,980,000 
Ferrochromium silicon 151,000 76,400 176,000 ' 159,000 "€ 181,000 
Ferromanganese _ J 5,130,000 ' 4,010,000 ' 5,170,000 ' 5,750,000" 5,860,000 
Ferromolybdenum и 109,000 112,000 115,000 84,100 ' 109.000 
Ferronickel® | | : 1,670,000 ' 1,600,000 ' 2,070,000 " 2,430,000 ' 2,730,000 
Ferroniobium (ferrocolumbium) Е 60,900 ' 41,800 ' 59,700 ' 60,700 ' 60,700 
Ferrosilicon 7,320,000 ' 7,280,000 " 7,890,000 ' 7,820,000 " 7,930,000 
Ferrovanadium® — č 37,000 27,300 38,900 39,200 ' 37.200 
Silicomanganese |... 8,660,000 ' 8,590,000" 10,100,000" 11,400,000" | 1,400,000 
Silicon metal —— 1,770,000" 1,550,000" 1,800,000" 1,760,000 ' 2.230 000 
____Офег" 3,830,000" 7,470,000" 8,530,000" 8,940,000" 7 890,000 
"Estimated. ити RI S wu 


| 
World totals, U.S. data, and estimated data are roun 
data available through March 4, 2015. 


2 Р : 
To the extent possible, ferroalloy production of each country shown has been se 


is obtained; production derived from metallothermic op 


Б other countries, but production information is inade 
Reported figure. 
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als shown. Includes 


ry shox parated according to the furnace from which production 
eration is included with electric furnace production. Ferroalloys may be produced 
quate for the formulation of estimates of output levels. 
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TABLE 7—Continued 
FERROALLOYS: WORLD PRODUCTION, BY COUNTRY, FURNACE TYPE, AND ALLOY ТҮРЕ! 

НИ И ык ыа И ЕР ЕЕ eS ышы цызы 
“Reported by the International Manganese Institute. 

“Includes high- and low-carbon ferrochromium. 

SReported on a fiscal year basis, which is from April 1 to March 31. 

"Includes high- and low-carbon ferrochromium and ferrochromium silicon. 

Мау contain low-iron ferronickel containing greater than 85% nickel. 

"US. production includes ferrochromium (before 2010), ferromanganese (including silicomanganese), ferromolybdenum, ferroniobium, 
ferrosilicon, ferrotitanium, ferrovanadium, and silicon metal; data for ferrochromium, ferromanganese (including silicomanganese), and 

silicon metal are excluded from “Grand total.” 

May include ferroboron, ferrocolumbium, ferrophosphorus, ferrotitanium, nickel columbium, and silvery pig iron. 
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FLUORSPAR 
By M. Michael Miller 


Domestic survey data and tables were prepared by Samir Hakim, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


In 2012, there were no fluorspar mines operating in the 
United States. A small amount of fluorspar may have been 
recovered as a byproduct of limestone quarrying in Illinois and 
then screened and sold as metallurgical grade. Work continued 
in Livingston County, KY, on development of the Klondike II 
Mine. The bulk of U.S. consumption was supplied by imports 
and small amounts of byproduct synthetic fluorspar produced 
from industrial waste streams. Byproduct fluorosilicic acid 
(FSA) production from some phosphoric acid producers 
supplemented fluorspar as a domestic source of fluorine but 
was not included in fluorspar production or consumption 
calculations. Estimated world production increased by 596 


compared with that of 2011, with most of the increase accounted 


for by increased production in China and Mongolia (table 9). 
Fluorspar is used directly or indirectly to manufacture 
such products as aluminum, gasoline, insulating foams, 
plastics, refrigerants, steel, and uranium fuel. Most fluorspar 
consumption and trade involve either acid grade (also called 
acidspar), which is greater than 9796 calcium fluoride (CaF >) 
ог subacid grade, which is 97% or less CaF ,. Subacid grade 
includes metallurgical and ceramic grades and is commonly 
called metallurgical grade or metspar. 
Efforts continued to develop and introduce new fluorine- 


containing products (hydrofluoroolefins, for example) to replace 


fluorocarbon compounds with high global warming potentials 
(GWP). The GWP of a gas describes its total warming impact 
relative to carbon dioxide (CO,) during a set period. This 
means, for example, that a gas with GWP of 100 would trap 
100 times the heat trapped by an equivalent amount of CO,. 
Many of the currently used fluorocarbon compounds, such as 
hydrofluorocarbon 134a (HFC 134a), have high GWPs and 
efforts are underway to phase out their production and use. 
Production of the various fluorocarbons account for a very 
significant portion of global fluorspar consumption. 


Production 


In 2012, small amounts of byproduct fluorspar may have 
been produced in Illinois by a single company, but no attempt 
Was made to collect data on quantities produced. The U.S. 
Geological Survey (USGS) has no data survey for synthetic 
fluorspar produced in the United States. FSA was produced 
as a byproduct from the processing of phosphate rock into 
phosphoric acid. Domestic production data for FSA were 
developed by the USGS from a voluntary canvass of U.S. 
Phosphoric acid operations known to recover FSA. Of the five 
FSA operations surveyed, responses were received from all, 
representing 100% of the total sold or used by producers. 

я т 2012, three companies produced marketable byproduct 
at phosphoric acid plants (part of phosphate fertilizer 
Operations). J.R. Simplot Co., Mosaic Fertilizer LLC (a 


FLUORSPAR— 2012 


Google 


subsidiary of The Mosaic Co.), and PCS Phosphate Co. Inc. 
operated five plants in Florida, Louisiana, North Carolina, 
and Wyoming that produced marketable FSA. Production of 
byproduct FSA was, at 10096 basis, 73,600 metric tons (t), an 
increase of about 5% compared with that of 2011. Quantities 
sold or used were the same (equivalent to about 130,000 t of 
fluorspar grading 92% СаЕ.). 

Some synthetic fluorspar was recovered as a byproduct of 
petroleum alkylation, stainless steel pickling, and uranium 
processing. The majority of the marketable product was 
estimated to come from uranium processing, but the actual 
amount of synthetic fluorspar recovered is unknown. 

Hastie Mining and Trucking Co. (Cave-In-Rock, IL), Core 
Metals Group (Aurora, IN), and Seaforth Mineral & Ore Co. 
Inc. (East Liverpool, OH) marketed screened and dried imported 
acid- and metallurgical-grade fluorspar. Hastie Mining also 
screened and sold small amounts of byproduct fluorspar from 
the company's limestone quarry operation. 

Hastie Mining continued the development of its Klondike 
П underground fluorspar mine in Livingston County, KY. In 
addition to continuing to drive the inclined shaft toward the 
orebody, necessary work was performed on the shaft to improve 
access and safety. Work was delayed as a result of excessive 
rains late in the year. In addition, exploration work began in 
adjoining Crittenden County, KY, by parties unrelated to the 
Klondike II Mine project. The drilling program reportedly 
targeted the Tabb Fault System in southern Crittenden County 
(Boyce Moodie, Moodie Minerals Co., oral commun., 

May 22, 2013). No results of the drilling program have been 
made public. 

The Kentucky Geological Survey (KGS) published a new 
map of the Western Kentucky Fluorspar District (Map and Chart 
201, Series XII, 2012) (Kentucky Geological Survey, 2013). The 
map shows all the known mines, mineral prospects, and igneous 
intrusions (dikes or sills) of the Western Kentucky Fluorspar 
District, which includes Caldwell, Crittenden, and Livingston 
Counties. The map, released in late December as a geospatial 
PDF file, is available for free download at the KGS Web site 
(Anderson and Sparks, 2012). With renewed intere 
and developing new domestic sources of fluorspar, 
companies could find this map useful. 


st in locating 
exploration 


Consumption 


Domestic consumption data were developed by the USGS 
from a quarterly survey of two large consumers that provide dat 
on hydrofluoric acid (HF) consumption and four distributors th у 
provide data on the merchant market (metallurgical and othe ш 
uses). Responses were received by four of the six companie 
and estimates were made for the two nonrespondents based 
prior years' data and industry sources where available. These | 
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combined data comprise 100% of the reported consumption in 
table 2. 

Industry practice has established three grades of fluorspar— 
acid grade, containing more than 97% CaF,; ceramic grade, 
containing 85% to 95% CaF,; and metallurgical grade, normally 
containing 60% to 85% СаЕ,. Fluorspar grades are defined 
by the intended use, but these grades are essentially ranges 
derived from customer and supplier specifications. For reasons 
ranging from availability to economics to process changes, U.S. 
consumers have been moving toward the use of higher-grade 
fluorspar. For example, welding rod manufacturers may use 
acid-grade fluorspar rather than ceramic grade, and some steel 
mills use ceramic or acid grade rather than metallurgical grade. 

Total reported U.S. fluorspar consumption was 416,000 t, 
about 9% less than the revised figure for 2011 (table 2). 
Consumption data for the two HF producers has been combined 
with “Other” uses in table 2 to avoid disclosing company 
proprietary data. Apparent consumption (normally defined as 
production plus imports minus exports plus or minus changes 
in stocks) decreased by 22% to 525,000 t. A substantial portion 
of the decrease was the result of a large increase in domestic 
stocks. However, some uncertainty exists about the accuracy 
of the large increase in U.S. fluorspar imports during the past 
2 years, as no direct reason for the large increase was evident 
and the reported exports of fluorspar to the United States from 
its major trading partners were much lower than reported U.S. 
imports. It is possible that Mexican fluorspar is moving through 
ports in the United States for reexport but not being properly 
reported in the U.S. trade statistics. 

Acid-grade fluorspar, which accounted for 91% of the total 
U.S. reported fluorspar consumption, was used primarily as a 
feedstock in the manufacture of HF. Two companies reported 
fluorspar consumption for the production of HF in 2012—E.I. 
du Pont de Nemours and Co. Inc. (DuPont) and Honeywell 
International Inc. Fluorspar consumption for HF production 
decreased compared with that of 2011 because of the fourth 
quarter shutdown of DuPont's HF plant for maintenance. 
Because most acid-grade fluorspar is converted to HF before 
consumption, HF uses and markets are key to analyzing 
fluorspar consumption. | 

The leading use of HF was for the production of a wide 
range of fluorocarbon chemicals, including hydrofluorocarbons 
(HFCs) and hydrochlorofluorocarbons (HCFCs), 
fluoroelastomers, and fluoropolymers. Production of these 
compounds accounted for about 75% of domestic HF 
consumption and 40% of world HF consumption. Major US. 
producers were Arkema Inc., DuPont, Honeywell, Mexichem 
Fluor, Inc., MDA Manufacturing Ltd., and Solvay Solexis Inc. 

Internationally, acid-grade fluorspar was used in the 
production of aluminum fluoride (AIF,) and cryolite (Na, AIF), 
which are the main fluorine compounds used in primary 
aluminum smelting. Alumina (АЂО,) is dissolved in a bath | 
that consists primarily of molten cryolite and small amounts of 
AIF, and fluorspar to allow electrolytic recovery of aluminum. 
During the aluminum smelting process, excess sodium in the 
bath (a result of impurities in the alumina) is controlled by the 
addition of AIF,, which reacts with the sodium to form cryolite. 
This reaction results in excess bath material, which is drawn 
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off in a liquid form, allowed to cool and solidify, and can then 
be crushed and reused to start up new pots or to compensate 
for electrolyte losses. This excess material is variously called 
crushed tapped bath, secondary cryolite, bath cryolite, as well 
as other terms. In the aluminum smelting process, AIF, is used 
also to replace fluorine losses (either absorbed by the bath 
walls or captured as emissions). Most AIF, is produced directly 
from acid-grade fluorspar or from byproduct FSA. The United 
States ceased production of AIF, in 2008 when Alcoa World 
Alumina LLC (a business unit of Alcoa Inc.) closed its Point 
Comfort, TX, production facility. The AIF, requirements of U.S. 
aluminum industry were met through imports in 2012 (table 8). 

The merchant fluorspar market in the United States included 
sales of metallurgical- and acid-grade material mainly to steel 
mills, where it was used primarily as a fluxing agent to increase 
the fluidity of the slag. Sales were also made to smaller markets 
such as cement plants, foundries, glass and ceramics plants, and 
welding rod manufacturers in railcar, truckload, and less-than- 
truckload quantities. Complete data on merchant fluorspar sales 
cannot be shown because consumption of acid-grade fluorspar 
for HF production has been combined with other uses in table 2 
to prevent disclosure of company proprietary data. In 2012, 
based on available data, merchant sales (excluding acid-grade 
for other uses) increased by about 9% compared with those of 
2011. During the past 20 to 30 years, fluorspar usage in such 
industries as steel and glass has declined because of product 
substitutions or changes in industry practices. 

The U.S. steel industry's recovery from the effects of the 
2008-09 recession slowed in 2012 with raw steel production 
increasing by less than 396 to 88.6 million metric tons (Mt) 
(World Steel Association, undated). In the United States, 
reported consumption of fluorspar in metallurgical markets 
(mainly steel) increased by nearly 9% compared with the 
revised figure for 2011. Consumption in this sector was 75% 
metallurgical grade and 25% acid grade. 

In the United States, FSA is used primarily for water 
fluoridation, but it also is used as a metal surface treatment and 
cleaner and for pH adjustment in industrial textile processing or 
laundries. It can also be used in the processing of animal hides, 
for hardening masonry and ceramics, and in the manufacture of 
other chemicals. In 2012, byproduct FSA sales totaled 73,600 t, 
with the vast majority going for water fluoridation. 


Stocks 


Data for stocks were available from some fluorspar m 
distributors and HF producers. Known consumer and distributor 
stocks at the end of 2012 totaled 234,000 t, an increase of 44% 
compared with those at yearend 2011. Explanations for the large 
increase in stocks include reduced consumption caused by lower 
demand and the longer than expected shutdown of the DuPont 
HF plant in Texas for maintenance in the fourth quarter. In 
addition, it was possible that some stockpiling was undertaken 
prior to the expiration of long-term supply contracts under the 
expectation that prices in the new contracts would be higher. 

The U.S. Government began stockpiling fluorspar tn 1943 
and through various programs acquired fluorspar until Hm 
When the last acquisition was made, the quantities held by t " | 
Government at various stockpile locations totaled about 1.04 


—2012 
U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK 20 


of acid-grade fluorspar and 374,000 t of metallurgical- 

grade fluorspar. The need for a Government stockpile was 
considered justified for National defense purposes until the 
early 1990s when the political climate changed (collapse of 

the Soviet Union) and the major rationale for maintaining 

the stockpile disappeared. Based on revised national security 
needs dictated by new post-cold war planning assumptions, the 
U.S. Department of Defense was authorized to dispose of the 
entire fluorspar stockpile (U.S. Department of Defense, 1993). 
Between 1992 and 2006, the entire fluorspar stockpile was sold. 
U.S. Government stocks of fluorspar are currently zero. 


Transportation 


The United States depends on imports for most of its fluorspar 
supply. Metallurgical-grade fluorspar is shipped routinely as 
lump or gravel, with the gravel passing a 75-millimeter (mm) 
sieve and not more than 10% by weight passing a 9.5-mm sieve. 
Acid-grade fluorspar is shipped in the form of damp filtercake 
that contains 7% to 1096 moisture to facilitate handling and to 
reduce dust. This moisture is removed by heating the filtercake 
in rotary kilns or other dryers before treating with sulfuric acid 
to produce HF. Acid-grade imports from China and South Africa 
are usually shipped by ocean freight using bulk carriers of 
10,000- to 50,000-t deadweight capacity; ships in this size range 
are termed "handymax." Participants negotiate freight levels, 
terms, and conditions. Some acid grade and ceramic grade are 
marketed in bags for small users and shipped by truck. 

International ocean shipping rates for dry bulk carriers fell 
substantially in 2012 compared with rates in 2011. Low demand 
for shipping coupled with increased shipping capacity in the 
form of new ships contributed to lower prices. The low shipping 
rates benefited fluorspar buyers in the United States importing 


fluorspar from overseas suppliers such as China and South 
Africa. 


Prices 


According to Industrial Minerals magazine, yearend 2012 
prices for Chinese acidspar decreased by about 10% compared 
with yearend 2011. Mexican acidspar (low and high arsenic) 
prices remained unchanged, while the South African acidspar 
price increased by 25% (table 3). 


Foreign Trade 


In 2012, U.S. exports of fluorspar totaled 23,800 t and were 
essentially unchanged compared with those of 2011 (table 4). 
With the absence of fluorspar stocks in the National Defense 
Stockpile and only a small amount of mined fluorspar, exports 
are likely reexports of imported material. The leading recipients 
of U.S. exports were Canada (64%) and Taiwan (23%). 

In 2012, imports for consumption of fluorspar decreased 
by 15% compared with those of 2011 (table 5). The leading 
suppliers of fluorspar to the United States were Mexico (74%) 
China (13%), and South Africa (9%). | 
_ The following imports аге compared with those of 2011: 
PRA of HF were essentially unchanged at 133,000 t (table 6); 
n иңе of HF imports were from Mexico (86%), with 

anada (896) and China (476) supplying most of the balance. 
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Imports of cryolite decreased by 15% to 8,140 t (table 7). 
Imports of AIF, increased by 21% to 50,000 t (table 8), with 
almost all coming from three countries—Mexico (44%), 
Canada (34%), and China (22%). 


World Review 


The global fluorspar industry experienced a busy year, which 
saw acquisitions, capacity expansions, continued exploration 
activities, mine closures, mine restarts, and start up or release of 
technical studies. World fluorspar production increased, although 
a substantial portion of the increase was in the form of an increase 
in estimated Chinese and Mongolian production (table 9). 

Canada.—Canada Fluorspar Inc. announced that Newspar, 
its 50-50 joint venture with Arkema, was undertaking a review 
of the St. Lawrence fluorspar project to establish a more precise 
understanding of the anticipated costs and scope of the project. 
This comprehensive review was to consider a range of mining 
and milling options applicable at the St. Lawrence fluorspar 
operations. At yearend, the expected commencement date for the 
construction of the project had yet to be determined 
(Canada Fluorspar Inc., 2012). 

China.—In September 2011, China appealed the World Trade 
Organization (WTO) ruling that its export restrictions on several 
industrial raw materials (including fluorspar) were inconsistent 
with WTO rules. In late January 2012, the WTO Appellate Body 
affirmed a WTO dispute settlement panel's July 2011 finding 
that found China's export restraints, including export duties, 
export licenses, export quotas, and minimum export prices on 
fluorspar, to be inconsistent with China's WTO obligations 
and rejected China's attempts to portray its export restraints as 
conservation or environmental protection measures or measures 
taken to manage critical shortages of supply (Office of the U.S. 
Trade Representative, 2012). China had until yearend 2012 to 
comply with the WTO ruling. 

China's 2012 fluorspar exports were 428,000 t, a decrease 
of 40% compared with those of 2011. Of the total, metspar 
accounted for 165,000 t with the Republic of Korea, India, 
and Japan, in descending order, being leading reported 
trading partners. Acidspar exports totaled 262,000 t, with the 
European Union, the United States, Japan, India, and Canada 
In descending order, being the leading trading partners. China 
imported 124,000 t of fluorspar in 2012, the majority of which 
(118,000 t) came from Mongolia. Most of the quantity imported 
was classified as metspar, but the quantity could have also 
included below-grade acidspar (United Nations, 2013). 

Kenya.—Kenya Fluorspar Co. Ltd. completed a 
de-bottlenecking project at its fluorspar mill, which included 
commissioning of an additional ball mill. The new ball mill was 
expected to allow a 2096 increase in feed input to the flotation 
mill and allow the use of idle systems and cells within the pl 
The project was expected to improve plant efficienc; pu 

À encies and 
allow for an increase in acid-grade fluorspar output 
(Kenya Fluorspar Co. Ltd., 2012). 

Mongolia.—Berkh Uul JSC announced the 
National Instrument (NI) 43-101 com 
its Delgerkhan fluorspar deposit in M 
based on a 1,700-meter drilling progr 
historic drilling results in order to bri 


receipt of a 
pliant resource report on 
ongolia. The results were 
am designed to confirm 
ng the resource into NI 
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43-101 compliant format. Applying a 10% cutoff grade, results 
showed an indicated resource of 6.62 Mt grading 33.7% CaF, 
and an inferred resource of 3.02 Mt grading 33% CaF,. The 
deposit was reportedly partially open at depth and additional 
exploration potential existed. Berkh Uul mined fluorspar until 
2008 when operations were shut down, but the company hoped 
to reopen the Delgerkan Mine (Berkh Uul JSC, 2012). 

Mozambique.—Globe Metals and Mining Ltd. released 
results of the preliminary drilling program performed on its 
Mount Muambe fluorspar and rare-earths project. Mount 
Muambe is a carbonatite crater roughly 4 kilometers in diameter 
in Mozambique's Tete Province. Drilling resulted in an inferred 
mineral resource estimate of 1.6 Mt grading 19% CaF, at a 
cutoff grade of 10% CaF,. The fluorspar mineralization is 
near the surface and contains valuable byproduct rare-earth 
mineralization. The company reported that only a small area of 
the crater had been drilled, and reconnaissance work showed 
numerous other fluorite prospects within the crater 
(Brant, 2012). 

Norway.—Tertiary Minerals plc announced the completion 
of an independent scoping study on its Lassedalen fluorspar 
project in southern Norway. A scoping study is a preliminary 
broad study conducted to investigate the approximate economics 
and viability of various development options for the mining 
and treatment of a mineral deposit. The study's basis was an 
inferred resource of 4 Mt of fluorspar averaging 24.6% CaF., 
with a target production of 100,000 metric tons per year (t/yr) of 
acid-grade fluorspar. Mining would be by sublevel open stoping 
and mineral processing would be by flotation resulting in a 
mine life of 6.6 years. Financial analysis was based on a selling 
price of $491 per metric ton delivered to Rotterdam. The overall 
results of the study were, in the company's opinion, sufficient to 
support further progress including additional drilling to increase 
the resource base and thereby increase the mine life and enhance 
project economics (Tertiary Minerals plc, 2012). 

Russia.—United Company RUSAL (RUSAL) acquired 50% 
of Russia's leading fluorspar producer, Yaroslavsk Mining 
Co., from JSC Russian Ore Mining Co. RUSAL, the world's 
leading aluminum producer, already owned the other 50% 
of Yaroslavsk; this acquisition enabled RUSAL to become 
less dependent on outside sources of raw materials for its 
aluminum production. This asset was expected to cover 60% 
of RUSAL's current fluorspar concentrate requirements, and 
future expansion provides the potential for full coverage of the 
RUSAL’s requirements. Under the Russian reserve classification 
system, Yaroslavsk has licenses controlling 22 Mt of fluorspar 
reserves, which at current mining rates would allow a mine life 
of 20 years (United Company RUSAL, 2012). | 

South Africa.—Fluormin Plc announced the sale of its 
Buffalo Fluorspar project in South Africa for about $1.38 | 
million. Buffalo had been on care-and-maintenance status since 
2008 with no plans to reopen (Fluormin Ple, 20122). Fluormin's 
Witkop Mine in North West Province traditionally processed 
very low ore grades (13% to 14% CaF.) compared with other 
fluorspar mines, and since restarting production in March 201 | 
the mine's ore-grade feed had dipped below 9% CaF, Fluormin 
was faced with several other challenges, including water 
shortages, power outages, unplanned plant maintenance, and 
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higher-than-expected stripping ratios. The company began an 1 
infill drill program to reduce the feed grade variability and to d 
locate near-term higher grade ore. Fluormin also implemented | 
plant modifications and improved mining methods that reduced || 
production costs. Despite these activities, in October, after the | 
prevailing fluorspar price fell below its production costs, the 
company placed the Witkop Mine on care-and-maintenance 
status (Fluormin Plc, 2012b; Sharecast.com, 2013). 

Minerales y Productos Derivados, S.A. (Bilbao, Spain), the 
majority owner of the Vergenoeg fluorspar mine in South Africa, 
announced that expansions at Vergenoeg had increased its 
acidspar capacity to 300,000 t/yr. In addition, a new processing 
plant was constructed that increased Vergenoeg's production 
capacity of metspar powder and briquettes to 30,000 t/yr 
(Lismore, 2012). 

United Kingdom.—The assets and facilities of the United 
Kingdom's sole fluorspar producer, Glebe Mines Ltd., were 
acquired out of receivership by British Fluorspar Ltd. in May 
2012. British Fluorspar, originally registered in the United 
Kingdom as Minmet UK Ltd., is wholly owned by Italy's 
Fluorsid Group. Fluorsid Group is also the majority shareholder 
of Fluorsid S.p.A., which produces aluminum fluoride and 
synthetic cryolite at its plant in Sardinia, Italy, and aqueous HF 
through its wholly owned subsidiary, Industrie Chimiche Ing. 
Bonelli (ICIB), at its plant in northern Italy (Rossina Palmiera, 
Executive Assistant, British Fluorspar Ltd., written commun., 
September 20, 2013). British Fluorspar planned to restart 
operations in early 2013 and supply acid-grade fluorspar to the 
ICIB and Fluorsid plants in Italy and to customers in northern 
Europe and the United Kingdom (Roberts, 2012). 

Vietnam.—In 2012, work on Masan Resources’ Nui Phao 
polymetallic mining project neared completion. Various mine 
and mill structures were built and equipment installation was 
completed. Access to critical supplies of power and water were 
achieved with the pre-commissioning of power supply for the 
project and commencement of the water pipeline from the Cong 
River. Commencement of the transition from construction to 
operations started with the handover of the tailings dams and 
commissioning of the thickener circuits in the flotation mill, 
which was expected to be in operation early in the second. 
quarter of 2013 (Masan Group Corp., 2013, p. 42). When 1л 
full production, the mine should produce substantial amounts of 
bismuth, fluorspar, and tungsten, with lesser amounts of copper 
and gold. Annual acid-grade fluorspar production was projected 
to average in excess of 200,000 t/yr. 


Outlook 


The outlook for fluorspar has some long-term concerns that 
include environmental pressures opposing the use of some 
fluorochemical products, safety concerns regarding the use 
of HF, availability of future fluorspar supplies, and a shift in 
fluorspar-consuming industries to Asia. Global demand slowed 
in 2012 and prices softened as a result, a pattern that became Р 
more pronounced іп the first half of 2013. Prices were expecte 
to decrease in 2013 compared with those in 2012. 

Long-term demand for fluorspar may depend to a large 7 
degree оп the development and acceptance of eet 
replacements for existing fluorocarbon compounds, whic 
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are likely to be phased out owing to high GWP. Strong 
replacement candidates аге the hydrofluoroolefins HFO-1234yf, 
HFO-1234ze, and HFO-1233zd. These compounds all have 
low GWP and rapidly break down in the atmosphere. For the 
fluorspar industry, they also have the advantage of containing 
greater amounts of fluorine (thus requiring more fluorspar to 
manufacture) compared with some of the compounds they 
would replace. 

Major markets for fluorspar in developed countries have 
been stagnant or have decreased as first HF and more recently 
fluorocarbon production has moved to China, and aluminum 
smelting capacity has moved to countries or regions with 
access to abundant, low-cost energy. This shift is evident in the 
increasing HF and fluorocarbon production capacity in China 
and the reduced capacities in traditional production areas in 
Europe, Japan, and North America. China is already the world's 
leading fluorspar consumer, and its share of global consumption 
will likely continue to increase in the future. 
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TABLE | 
SALIENT FLUORSPAR STATISTICS" * 
2008 


2009 2010 


Ами... БЕ OH _______ a Sa = И 


2011 2012 
United States: 
Exports? 

Quantity metric tons 18,800 14,100 17,900 24,100 23,800 

Value‘ thousands $3,340 $2,230 $2,740 $3,780 $3,640 _ 

Quantity metric tons 572,000 475,000 539,000 727,000 620,000 

Value? thousands $133,000 $105,000 $103,000 $154,000 $157,000 

Consumption: 
Reported metric tons 506,000 400,000 446,000 456,000 ' 416,000 
Stocks, December 31: 

Consumer and distributor do. 115,000 103,000 131,000 162,000 234,000 
World, production do. 6,920,000 6,310,000" 7,000,000" 6,740,000 " 7,070,000 * _ 
"Estimated. ‘Revised. do. Ditto. 

'Data are rounded to no more than three significant digits. 
?Does not include byproduct or synthetic fluorspar production. 
Source: U.S. Census Bureau; data may be adjusted by the U.S. Geological Survey. 
‘Free alongside ship values at U.S. ports. 
Cost, insurance, and freight values at U.S. ports. 
*Imports minus exports plus adjustments for changes in stocks. 
TABLE 2 
U.S. REPORTED CONSUMPTION OF FLUORSPAR, BY END USE! 
(Metric tons) 
Containing more than Containing not more than 
97% calcium fluoride 97% calcium fluoride Total 
End use or product 2011 2012 2011 2012 2011 2012 

Hydrofluoric acid and aluminum fluoride _ W W -- -- W W 

Metallurgical 12,000 12,000 32,000 ' 35,800 44,000 ' 47,800 

Other 412,000 368,000 -- -- 412,000 368,000 

Total 424,000 380,000 32,000 " 35,800 456,000 ' 416,000 

Stocks, consumer, December 31 145,000 219,000 17,500 15,100 162,000 234,000 


"Revised. W Withheld to avoid disclosing company proprietary data; included in "Other." -- Zero. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
?May include cement, enamel, glass and fiberglass, hydrofluoric acid, steel castings, and welding rod coatings. 


—2012 
U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK—20! 


Google 


FLUORSPAR—2012 


TABLE 3 
PRICES OF IMPORTED FLUORSPAR 


(Dollars per metric ton) 


Source and grade 2011 2012 

Acidspar: 
Chinese, dry basis, cost, insurance, and freight (c.i.f.) Gulf port, filtercake 550-650 480-600 
Mexican, free on board (f.0.b.) Tampico, filtercake 400-450 400—450 
Mexican, f.o.b. Tampico, arsenic «5 parts per million $40—550 540—550 
South African, f.o.b. Durban, filtercake 330-335 380—450 
Metspar, Mexican, f.o.b. Tampico 230—270 230-270 


Source: Industrial Minerals magazine (London). 


TABLE 4 
U.S. EXPORTS OF FLUORSPAR, BY COUNTRY! 


2011 2012 
Quantity Quantity 

Country (metric tons) Value? (metric tons) Value? 
Australia 97 $14,100 88 $12,800 
Bolivia -- -- 27 3,900 
Brazil 92 13,300 ~- -- 
Сапада 12,700 2,070,000 15,200 2,440,000 
China _ -- -- 18 14,900 
Dominican Republic 114 25,600 240 42,600 
France 103 37,500 71 8,000 
Germany __ -- = 271 30,300 
Indonesia -- -- 5 3,520 
Israel -- -~ 11 3,290 
Мехїсо 745 123,000 512 60,700 
Taiwan ЕЕ 9,790 1,440,000 5,360 780,000 
Trinidad and Tobago 430 55,500 1,990 239,000 
Venezuela =- -- 16 4,700 
Total 24,100 3,780,000 23,800 3,640,000 

-- Zero. | 


1 р ть 
mae are rounded to no more than three significant digits; may not add to totals shown. 
Free alongside ship values at U.S. ports. 


Source: U.S. Census Bureau. 
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TABLE 5 
U.S. IMPORTS FOR CONSUMPTION OF FLUORSPAR, BY COUNTRY AND CUSTOMS DISTRICT! 


PERMET ce ci ЕЕ = ЕЕ 


2011 2012 
Quantity Value? Quantity Value? 
. Country and customs district (metric tons) (thousands) (metric tons) (thousands) 
Containing more than 97% calcium fluoride (CaF;): 

Canada, Cleveland, OH | 58 = an 

China: 

Houston, TX 119,000 60,000 71,800 $38,800 
New Orleans, LA 2 = 8,960 4,440 
New York, NY be E 44 25 

Total 119,000 60,000 80,800 43,300 

Germany, Cleveland, OH -- — 17 18 

Mexico: 

Baltimore, MD 762 172 1,380 850 
Houston, TX -- -- 3,370 1,470 
Laredo, TX 136,000 24,000 46,600 22,200 
New Orleans, LA 264,000 40,900 252,000 46,200 

Total 401,000 65,100 303,000 70,700 

Mongolia, Houston, TX -- -- 9,910 4,890 

South Africa: 

Houston, TX 34,300 9,440 52,300 16,000 
New Orleans, LA 5,100 1,690 5,320 1,940 
Total 39,400 11,100 57,600 17,900 
Spain, Houston, TX -- -- 12,000 4,440 
United Kingdom: 
Houston, TX 6 24 87 65 
Los Angeles, CA 414 49 194 101 
Total 420 73 281 166 
Grand total 560,000 136,000 464,000 141,000 
Containing not more than 97% CaF): 

China, Cleveland, OH -- -- 271 39 
Buffalo, NY 43 10 — = 
Cleveland, OH -- -- 238 26 
Laredo, TX 6,070 797 5,190 713 
New Orleans, ГА 160,000 16,500 149,000 14,500 

аа Рів, СА _____200 GCC 16200 

Total 167,000 17,300 155,000 15,200 

Mongolia, Mobile, AL -- -- 1,050 98 

_ Namibia Houston, TX - -- 419 37 

Огап кош 165000 172300 156000 O SA 
-- Zero. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


2Cost, insurance, and freight values at U.S. ports. 


Source: U.S. Census Bureau. 
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TABLE 6 


U.S. IMPORTS FOR CONSUMPTION OF HYDROFLUORIC ACID, BY COUNTRY! 


2011 2012 
Quantity Value? Quantity Value? 
Country (metric tons) (thousands) (metric tons) (thousands) 
Belgium -- -- (3) $11 
Сапада 15,300 $40,700 10,800 31,300 
China 5,060 8,020 5,890 8,260 
France (3) 4 == e 
Germany 262 703 233 608 
Hong Kong 278 363 37 52 
India 83 123 60 97 
Japan 1,150 2,660 1,310 3,150 
Korea, Republic of -- -- 21 24 
Liechtenstein -- -- 2 104 
Mexico 110,000 161,000 114,000 188,000 
Singapore 113 402 113 425 
South Africa 3 8 12 30 
Spain 132 450 150 464 
Taiwan 83 151 47 140 
United Kingdom -- -- 1 138 
Total 132,000 215,000 133,000 233,000 
-- Zero. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Cost, insurance, and freight values at U.S. ports. 
"Less than % unit. 
Source: U.S. Census Bureau. 
TABLE 7 
U.S. IMPORTS FOR CONSUMPTION OF CRYOLITE, BY COUNTRY! 
2011 2012 
Quantity Value? Quantity Value? 
Country (metric tons) (thousands) (тегіс tons) (thousands) 
Australia $18 = = 
Сапада 235 96 962 $425 
China 1,310 1,130 1,350 1,030 
Croatia -- = 20 31 
Germany 1,990 2,950 2,190 3,110 
Hungary 346 509 322 489 
Iceland 2,780 1,850 -- -- 
Italy 19 33 -- -- 
Јарап 2,230 3,410 2,760 4,170 
Mozambique 282 257 81 74 
Spain = = 2 6 
United Kingdom 375 704 455 803 
9,560 11,000 8,140 10,100 


Tod ________________ 9,560 1100 ____ 8,140 10100 


-- Zero. 


' Рав are rounded to no more than three significant digits; may not add to totals shown. 


"Cost, insurance, and freight values at U.S. ports. 


Source: U.S. Census Bureau. 
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U.S. IMPORTS FOR CONSUMPTION OF ALUMINUM FLUORIDE, BY COUNTRY! 


____ MM. _________________________- 


2011 2012 
Quantity Value? Quantity Value? 
Country (metric tons) (thousands) (metric tons) (thousands) 
Canada 14,200 $21,200 16,800 $16,900 
China u 8,800 13,200 10,800 17,800 
Mexico 18,200 23,900 22,200 30,900 
Other? 46 92 180 231 
Total 41,200 58,400 50,000 65,900 
Граја are rounded to no more than three significant digits; may not add to totals shown. 
"Cost, insurance, and freight values at U.S. ports. 
3Includes all countries with quantities less than 1,000 metric tons. 
Source: U.S. Census Bureau. 
TABLE 9 
FLUORSPAR: WORLD PRODUCTION, BY COUNTRY"? 
(Metric tons) 
Country" 2008 2009 2010 2011 2012* 
Argentina 15,098 13,424 17,657 25,099 ' 18,000 
Brazil, marketable: 
Acid grade 45,032 28,803 6,295 ' 6,195 ' 6,200 Р 
Metallurgical grade 18,209 15,161 18,152 ' 18,843 ' 18,900 Р 
Тога! Ш 63,241 43,964 24,447 ' 25,038 ' 25,100 Р 
Bulgaria -- -- -- 4,500 * 12,000 
Спа: 
Acid grade 1,900,000 1,600,000 2,100,000 2.000,000* 2,100,000 
Metallurgical grade" 2,300,000 2,200,000 2,500,000 2,200,000" 2,300,000 
Total 4,200,000 3,800,000 4,600,000 4,200,000 * 4,400,000 
Egypt 470 ' 500 ' 470 ' 500 ' 500 
Germany, acid grade 48,519 49,962 59,086 65,619 ' 61,500 
. 6 
gre grade 6,814 8,786 8,400 ' 8,500 ' 8,600 
Metallurgical grade 3,176 4,996 4,600 € 4,800 ' 5.000 
Em C мо о... 9.990 13,782 13,000 ' 13,300 € 13,600 
Iran’ 61,592 71,409 72,000 70,000 >“ 70,000 
Кааап уус уо о, с. 66,300 8 65,000 ' 65,000 ' 65,000 ' 65.0005 
Kenya, acid grade ___________ 98,248 15,667 44,500 117,420 110,000 
Korea, Моца ___________________ МА" МА ' МА ' МА' МА 
EDO =т=т 591,955 640,676 719,122 731,456 m 
— Metallurgical grade 465,694 405,264 348,264 475,451 450,000 : 
uc SEE 1,057,649 1,045,940 ____1,067,386  — 12069079 1,209,099 — 
Мопроћа: __ —ć 1 ~~~ 116,400 157,200 * 
Acid grade”! 115,700 115,300 140,700 Т ш... е 
Gd ne ИИ 219,100 344,200 259,000 ^ 232,000 "° Эу. 
= ee a 334,800 459,500 400,000 " 348,000 " 471,200 
7 ей 56,724 69,091 75,380 79,207 ' 78,000 
оа 108,800 73,580 95,092 80,000 * 80,000 
Namibia, acid gra ~ А 1.700 1.400 1,500 1,600 1,700 
Pakistan, metallurgical grade е г s EK M _ 
Russia ____ —————————— | 
South Africa? — 281,000 186,000 ' 148,000 ' 184,000 ' 205,000 
Acid grade 18,000 12,000 * 9,000 ' 12,000" —— 20000 — 
E сыкы 299,000 198,000 ' 157,000 ' 196,000" _ 225,000 _ 
Tota 


See footnotes at end of table. 
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TABLE 9—Continued 
FLUORSPAR: WORLD PRODUCTION, BY COUNTRY"? 

Country? 4 2008 2009 2010 2011 2012* 

Spain: 
Acid grade 127,300 111,810 126,730 ' 109,284 ' 109,000 
Ceramic grade 15,930 6,485 1,824 2,639 2,600 
Metallurgical grade 5,506 4,238 ' 3,787 ' 5,410" 5,400 
Total 148,736 ' 122,533 ! 132,341 € 117,333 ' 117,000 
Tajikistan -f ~ ' -- ' -T -- 
Thailand” 26,118 86,365 2,222 5,093 ' 12,000 
United Kingdom 36,801 18,536 26,420 -- -- 
Vietnam" 4,000 4,000 4.000 4,000 4,000 
Grand total 6,920,000 6,310,000" 7,000,000" 6,740,000" 7,070,000 


*Estimated. "Preliminary. 'Revised. МА Not available. -- Zero. 


World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


*Table includes data available through July 2, 2013. 


ЗАп effort has been made to subdivide production of all countries by grade (acid, ceramic, and metallurgical). Where this information is 
not available in official reports of the subject country, the data have been entered without qualifying notes. 


^In addition to the countries listed, North Korea and some other nations may produce fluorspar, but output data are not 
reported; available general information is inadequate to formulate reliable estimates of output levels. 


*Includes submetallurgical-grade fluorspar used primarily in cement that may account for 33% to 50% of the quantity. 


SYear beginning April 1 of that stated. 

"Year beginning March 21 of that stated. 

*Reported figure. 

?Reported figure rounded, quantities by grade are estimated. 

Data аге reported by the Mineral Resource Authority of Mongolia. 
Flotation concentrate, including less than 97% CaF, material. 


"Data were іп wet tons, but have been converted to dry tons to agree with other data in the table. 
Враца for 2008 to 2011 based on data from the South African Minerals Bureau; data show estimated proportions of acid-grade and 


metallurgical-grade fluorspar within the reported totals. 


"Data for 2008 to 2011 are as reported by the Thailand Bureau of Economics and International Cooperation, Department of Primary 


Industries and Mines. 
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GALLIUM 
By Brian W. Jaskula 


Domestic survey data and tables were prepared by Maria Arguelles, statistical assistant. 


Globally, primary (crude, unrefined) gallium is recovered as 
a byproduct of processing bauxite and zinc ores. No domestic 
primary gallium was recovered in 2012, and imports of gallium 
metal and gallium arsenide (GaAs) wafers continued to account 
for most of U.S. gallium consumption. Metal imports were 
32% lower than those in 2011. The leading sources of imported 
gallium, in descending order of imports by gallium content, 
were Germany, China, the United Kingdom, and Ukraine. 
Doped GaAs wafer (a wafer with intentionally modified 
electrical properties) imports were about the same as those in 
2011—Germany and Japan were the principal sources. Undoped 
GaAs wafer imports were substantially lower than those in 
201]—Austria, Canada, and Japan were the principal sources. 
Almost all gallium consumed in the United States was for the 
production of GaAs and gallium nitride (GaN), which along 
with imported wafers, were used in integrated circuits (ICs) 
and optoelectronic devices [laser diodes, light-emitting diodes 
(LEDs), photodetectors, and solar cells]. Gallium consumption 
decreased slightly from that in 2011. In 2012, the quantity 
of gallium consumed in the United States was less than the 
quantity imported because a significant portion of imports 
was estimated to be low-purity gallium that was refined in the 
United States and shipped to other countries. Data on refined 
gallium exports were not available. 

In 2012, estimated world primary gallium production was 
383 metric tons (t). Principal producers were China, Germany, 
Japan, Kazakhstan, Russia, and Ukraine. Plants in Hungary and 
the Republic of Korea also recovered gallium. Refined gallium 
production was estimated to be about 250 t, which may include 
some refined from new scrap. Refined gallium was produced in 
China, Japan, the United Kingdom, and the United States. 


Legislation and Government Programs 


TriQuint Semiconductor, Inc. (Hillsboro, OR) continued 
Work on phase 2 of the Defense Advanced Research Projects 
Agency (DARPA) multiyear Nitride Electronic NeXt- 
Generation Technology (NEXT) program. The NEXT program 
Was established to create digital GaN circuits for defense and 
aerospace applications. Phase 1 concentrated on fabricating 
p y high-frequency devices and meeting defined yield metrics. 

hase 2 was to concentrate on process development in the 
da of increased yields while doubling the current operating 
NEA. to 400 gigahertz. The devices developed under 
"ia didus Were expected to advance applications 
deni voltage GaN-based products, which achieve power 

ities four times higher than GaAs devices (Compound 


a 2012c; TriQuint Semiconductor, Inc., 2013, 
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Production 


No domestic production of primary gallium was reported in 
2012 (table 1). In June, Molycorp Inc. (Greenwood Village, CO) 
acquired Neo Material Technologies Inc. (Toronto, Ontario, 
Canada), the largest gallium refiner/recycler in Canada and 
the United States. Molycorp recovered gallium from scrap 
materials, predominantly those generated during the production 
of GaAs. Molycorp’s Blanding, UT, facility had the capability 
to produce about 50 metric tons per year (t/yr) of high-purity 
gallium. The company produced high-purity gallium from its 
customers’ scrap and purchased scrap and low-purity gallium. 
Molycorp’s other gallium operations included a gallium 
trichloride production facility in Quapaw, OK; a 50% interest 
in a primary gallium facility in Stade, Germany; a gallium 
recycling facility in Peterborough, Ontario, Canada; and an 
80% interest in a new gallium trichloride production facility 
in the Hyeongok Industrial Zone in the Republic of Korea. 
Gallium trichloride is a precursor for many gallium compounds, 
including the organic gallium compounds used in epitaxial 
growth (Molycorp Inc, 2013, p. 6, 43, 89). 


Consumption 


Gallium consumption data were collected by the U.S. 
Geological Survey from a voluntary survey of U.S. operations. 

In 2012, 65% of the canvassed respondents replied to the gallium 
consumption survey. Data in tables 2 and 3 were adjusted by 
Incorporating estimates to reflect full industry coverage. Many of 
these estimates were based on company reports submitted to the 
U.S. Securities and Exchange Commission. 

More than 99% of the contained gallium consumed in the 
United States was in the form of GaAs or GaN. GaAs was used 
to manufacture optoelectronic devices (laser diodes, LEDs, 
photodetectors, and solar cells) and ICs. ICs accounted for 68% 
of domestic consumption and optoelectronic devices accounted 
for 32% (table 2). GaN principally was used to manufacture 
LEDs and laser diodes. 

In 2012, U.S. consumption of gallium for use in ICs decreased 
by 7% from that in 2011 owing to a decreased rate of growth of 
GaAs-rich “smartphones” (cellular telephones with advanced 
personal computer-like functionality) and reduced demand for 
other wireless communication devices. Gallium use in LEDs 
and laser diodes increased by 10% from that in 201] Owing to 
increased demand for LEDs in general lighting applications. 
Gallium supplied to the photodetector and solar cell industry 
decreased by 9% from that in 2011 owing to decreased prices of 
silicon-based solar cells slowing demand for the more expensive 
copper-indium-gallium-diselenide (CIGS) technology. A 
complicated manufacturing process also impeded commercial 
mass production of CIGS panels. GaAs applications comprised 
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about 80% of the worldwide gallium market in 2012, while GaN 
applications comprised about 796, and CIGS comprised about 
5% (Spicer, 2013). 

Gallium Arsenide.—The value of worldwide GaAs devices 
consumed increased to $5.3 billion in 2012, from $5.2 billion 
in 2011. The GaAs device market rate of growth slowed in 
2012 owing primarily to a decreased rate of growth of third- 
generation (3G) and fourth-generation (4G) smartphones, as well 
as reduced demand for radio frequency (RF) circuits and wired 
and wireless networks. With the exception of 2009, when GaAs 
device consumption remained flat owing to the global economic 
downturn, the rate of growth in 2012 was the lowest since 2004. 
Developments in cellular telephone technology, particularly 
sophisticated 3G and 4G smartphones, continued to drive the 
GaAs device industry, accounting for more than 50% of the GaAs 
device market in 2012. Fourth-generation smartphones use up to 
10 times the amount of GaAs that a standard cellular telephone 
does. The rate of growth of global smartphone shipments slowed 
to 43% in 2012 from 64% in 2011 as penetration of smartphones 
began to mature in developed regions such as North America 
and Western Europe. The proportion of smartphones shipped 
worldwide increased to 38% of total handset shipments in 
2012 from 32% in 2011 (Higham, 20132; ОЕ plc, 2013, p. 18; 
Semiconductor Today, 2013b, e). 

The value of worldwide GaAs bulk substrate consumption 
decreased by 1096 to $193 million in 2012 owing to a 
combination of slow growth in the GaAs device market, the 
conversion of cellular telephone switches from GaAs to silicon- 
on-insulator technology, and the economic slowdown in Europe. 
The GaAs substrate market was also affected by cellular radio 

architecture migrating towards a less GaAs-intensive single 
multi-band power amplifier from multiple single-band power 
amplifiers. Japan, the world's largest producer of GaAs bulk 
substrates, reported that the value of GaAs substrate shipments 
was down 22% from that in 2011. North America was the 
world's largest consumer of GaAs bulk substrates, comprising 
60% of the market (Higham, 2013a, b; Roskill's Letters from 
Japan, 20132). 

Gallium Nitride.—lncreased demand for GaN devices, 
namely laser diodes, power electronics, and RF electronics, 
provided significant growth for advanced GaN-based products. 
The key drivers of GaN-based technology have been military 
and defense applications, but the technology also was being 
used in automotive, industrial, medical, and commercial 
applications such as cable television and wireless infrastructure. 
The value of the worldwide GaN device market was estimated 
to be approximately $100 million in 2012 (Compound 
Semiconductor, 2013d). 

Owing to increased development of advanced power 
applications in information and communications technology and 
industrial power markets worldwide, the value of the worldwide 
GaN power semiconductor market increased to an estimated 
$12.6 million in 2012, a fivefold increase from $2.5 million in 
2011. GaN power transistors operated at higher voltages and 
with a higher power density than existing GaAs devices. The 
major application segments for GaN power semiconductors were 
inverters, motor drives, power supply modules, and RF devices. 
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The value of the GaN power semiconductor market was forecast 
to reach $1.75 billion by 2022 (Semiconductor Today, 20125). 

Light-Emitting Diodes.—The worldwide high-brightness 
light-emitting diode (HB-LED) market increased to 
$13.7 billion in 2012, a 1096 increase from $12.5 billion in 
2011. Owing to significant LED capacity expansion in 2011 
and the resulting LED surplus, prices for HB-LEDs decreased 
in 2012. The lower prices, however, proved beneficial to the 
HB-LED lighting sector, where LED consumption more than 
doubled from that of 2011 and helped offset the decline in LED 
revenue from the backlighting sector. Аз a result of its increased 
consumption in 2012, LEDs for general lighting applications 
became the largest segment of the market. Research and 
consulting firm Strategies Unlimited reported that the general 
lighting segment comprised 2396 of the HB-LED market, while 
the television and monitor backlighting segment comprised 
22%. Mobile display applications (such as cellular telephones, 
computer notebooks and tablets, eBooks, and MP3 players) 
had a 1994 share. Additional HB-LED market segments in 2012 
included signage and automotive, with respective market shares 
of 1396 and 10%. Various smaller market segments comprised 
the remaining 1396 of the overall HB-LED market (Strategies 
Unlimited, 2013). 

Japan and the Republic of Korea supplied 30% and 28%, 
respectively, of the 2012 worldwide HB-LED market, followed 
by the United States and Europe, 1996; Taiwan and Southeast 
Asia, 15%: and China, 8%. China's HB-LED market share 
quadrupled from 2% in 2010 owing to the large investments 
the country made in its domestic solid-state lighting industry 
(Strategies Unlimited, 2013). 

In 2012, an estimated total of 142 LED fabrication plants were 
in operation worldwide, up from 64 plants in 2006. Taiwan's 
LED fabrication plants accounted for 28% of global capacity, 
followed by Japan (2296), China (21%), the Republic of Korea 
(1996), North America and South America (696), Southeast Asia 
(396), and Europe and the Mideast (1%) (Peters, 2012). 

As HB-LED demand increased throughout 2010 and the first 
half of 2011, materials suppliers began adding more capacity 
for trimethylgallium (TMG), the metal-organic chemical used 
to fabricate LED epiwafers. When TMG and nitrogen gas are 
fed into the metal-organic chemical vapor deposition (MOCVD) 
reactor and heated, a GaN layer is formed on the epiwafer. 
TMG’s purity and quality determine an LED's brightness and 
reliability. In 2012, an estimated 30 t of TMG was consumed 
worldwide, with 8096 consumed by China, the Republic 
of Korea, and Taiwan (Compound Semiconductor, 20132). — 
Albermarle Corp. (Baton Rouge, LA) continued the construction 
of its TMG and triethylgallium (TEG) production facility in 
the Republic of Korea (Semiconductor Today, 20125). SAFC 
Hitech, a subsidiary of Sigma-Aldrich Co. LLC (St. Louis, MO), 
began the expansion of its TMG and TEG production facility in 
Kaohsiung, Taiwan (Sigma-Aldrich Co. LLC, 2012). AkzoNobel 
N.V. (Amsterdam, The Netherlands) announced it was to build 
a new TMG plant in Deer Park, TX, which was expected to be 
operational by 2014 (Semiconductor Today, 2012a). 

GaN devices were estimated to account for 85% of total 
revenues in the LED industry, and dominated key LED 
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applications such as televisions, computer monitors, notebook 
computers, and tablet computers (Semiconductor Today, 2013c). 

Solar Cells.—In 2012, the solar cell market continued to 
be dominated by crystalline silicon solar cells, which account 
for approximately 9096 of the market. Industry experts had 
thought that CIGS would eventually be able to compete with 
conventional silicon-based photovoltaic technology. CIGS 
technology, however, has been slow to enter the commercial 
market owing to a decline in prices of silicon-based solar cells 
and a complicated manufacturing process that has impeded 
commercial mass production of CIGS panels. These two factors 
resulted in a large oversupply of CIGS modules that caused 
prices to decrease on average by 4096 from 2010 to 2011, with 
further price decreases expected by yearend 2012 (Osborne, 
2012). World production of CIGS solar cells decreased to 
770 megawatts (MW) in 2012, a 5% decrease from 813 MW 
produced in 2011. World production of CIGS solar cells in 2011, 
however, had increased by 91% from that in 2010 (Roskill's 
Letters from Japan, 2013b). 

Nevertheless, consulting firm Lux Research, Inc., 

(Boston, MA) reported that CIGS manufacturers trimmed 
production costs, increased production capacities, improved 
module conversion efficiencies, and increased CIGS adoption in 
commercial rooftops. Strategic partnerships and consolidation of 
the industry were considered key in keeping CIGS technology 
viable and competitive (Lux Research, Inc., 2012). 

At yearend 2012, scientists at Empa, the Swiss Federal 
Laboraties for Materials Science and Technology in Dübendorf, 
Switzerland, achieved a record 20.496 efficiency for their CIGS 
solar cell on a flexible polymer substrate in a laboratory setting 
(Empa, 2013). 


Prices 


| Since 2002, producer prices for gallium have not been quoted 
In trade journals. Data in table 4 represent the average customs 
value of gallium imported into the United States. Reports in 
Metal-Pages indicated volatile gallium prices during 2012. 
At the beginning of the year, the low-grade gallium price was 
reported to be about $520 per kilogram (a decrease of 18% 
from that in January 2011) as the market for LED backlighting 
In televisions did not increase as forecast and newly expanded 
primary gallium capacity in China greatly exceeded demand. By 
May, the price had decreased to about $360 per kilogram, and 
by December, the price decreased to about $280 per kilogram. 
From U.S. Census Bureau import data, the annual average 

value for low-grade (<99.99%-pure) gallium in 2012 was 
estimated to be $349 per kilogram, about 7% less than that 
In 2011. For high-grade (299.99999,-pure) gallium, the 
ae average estimated value decreased by 23% to $529 per 
ies gram. Import data reported by the U.S. Census Bureau do 

9t specify purity, so the values listed in table 4 were estimated 


based on the av 
erage value of the material imported and the 
Country of origin. i 


GALLIUM—2012 


Google 


Foreign Trade 


In 2012, U.S. gallium imports were 329^ less than those in 2011 
(table 5). Germany (41%), China (39%), United Kingdom (11%), 
and Ukraine (496) were the leading sources of imported gallium. 

In addition to gallium metal, GaAs wafers were imported into 
the United States (table 6). In 2012, 218,000 kilograms (kg) of 
doped GaAs wafers and 3,610 kg of undoped GaAs wafers were 
imported. Imports of doped GaAs wafers were about the same 
as those in 2011, while imports of undoped GaAs wafers were 
96% less than those in 2011. The large reduction in undoped 
GaAs wafer imports was most likely due to a combination of a 
reduced rate of growth in the GaAs device market, migration of 
multiple GaAs-intensive single-band power amplifiers toward 
a less GaAs-intensive single multi-band power amplifier in 
cellular radio architecture, and disruption of the GaAs substrate 
supply chain caused by the earthquake and tsunami in Japan in 
2011. The data listed in table 6 may include some packaging 
material weight and, as a result, quantities may be higher than 
the actual total weight of imported wafers. 


World Review 


Imports of gallium into Japan and the United States, two 
leading consuming countries, and an updated gallium production 
estimate for China, were used as the basis for estimating 
world gallium production. In addition, Metal Bulletin reported 
China's production increased considerably as a result of 
substantial capacity increases of Chinese gallium operations. 
Estimated worldwide primary gallium production was 383 t in 
2012. Principal world producers were China, Germany, Japan, 
Kazakhstan, Russia, and Ukraine. Gallium also was recovered in 
Hungary and the Republic of Korea. Refined gallium production 
in 2012 was estimated to be about 250 t, 3594 lower than the 
year's primary production. China, Japan, the United Kingdom, 
and the United States refined gallium. Updated refined gallium 
production figures for 2010 and 2011 were estimated to be 268 t 
and 242 t, respectively. 

Roskill Information Services estimated worldwide gallium 
consumption to be 234 t in 2012, 50 percent of which was 
estimated to have come from recycled material (Seeley, 2011: 
Roskill's Letters from Japan, 2012). German recycler PPM Pure 
Metals GmbH estimated 2012 worldwide gallium consumption 
to be slightly higher, at 250 t, with 40% to 45% of consumption 
coming from recycled material (Spicer, 2013). Gallium was 
recycled from new scrap in Canada, Germany, Japan, the United 
Kingdom, and the United States. 

Canada.—in 2012, minor metals refiner 5N Plus Inc. 
(Montreal, Quebec) acquired the remaining 50% ownership 
interest in the joint-venture company MCP Metals (Shenzhen) 
Co., Ltd. from Hong Kong based Golden Harvest Investments 
Ltd. MCP Metals operates a gallium refining facility in 
Shenzhen, China. Additionally, 5N Plus announced its new solar 
cell recycling facility in Malaysia was operational (Liu, 2012) 

Orbite Aluminae Inc. (Montreal, Quebec) (formerly known " 
Exploration Orbite V.S.P.A. Inc.) announced that construction 
of its high-purity alumina plant, located in Cap-Chat, Quebec 
was near completion. A separation facility was to be built | 
at the alumina plant to recover 4М purity (99.99%) gallium 


and other rare metals and rare-earth elements. Production 
capacity was reported to be 90 t/yr of primary gallium (Orbite 
Aluminae Inc., 2012). 

China.— China invested substantially in its LED 
manufacturing infrastructure, which was valued at $6.6 
billion in 2012, an increase of 25% from $5.3 billion in 2011 
(Gu, 2012). Subsidies from local governments were instrumental 
in helping ramp up LED production capacity. In 2012, the 
Chinese Government passed a series of domestic policies to 
stimulate LED lighting demand and strengthen the business 
momentum within the LED lighting market. The country was 
reported to have produced 300 t of primary gallium in 2012, 
and increased its primary gallium manufacturing capacity to 
350 t in 2012 from 280 t in 2011 (Metal-Pages Ltd, 2012; Metal 
Bulletin, 2013; Semiconductor Today, 2013a). 

China's primary gallium producers were Aluminum 
Corporation of China, Ltd.; Beijing ЛУа Semiconductor 
Material Co., Ltd.; China Crystal Technologies, Ltd.; East Hope 
Mianchi Gallium Industry Co.; and Zhuhai Fangyuan (Roskill 
Information Services, Ltd., 2011, р. 21-26). 

Japan.—The Japan Oil, Gas, and Metals National Corp. 
(JOGMEC) estimated that Japan consumed 85 t of gallium in 
2012, with the LED market accounting for approximately 6076 
of consumption. About 5596 of Japan's gallium supply was 
sourced from imports, while 40% was from reprocessed scrap. 
The remaining 596 was primary gallium produced by Japan 
as a by-product of its zinc refining process (Kamiki Takashi 
and Yamamoto Koji, Rare Metals Stockpile Department, 

Japan Oil, Gas, and Metals National Corp., written commun., 
February 13, 2013). | 

Following the 2011 earthquake and the resulting tsunami 
that devastated northeast Japan, several Japanese compound 
semiconductor-related manufacturing plants were destroyed, 
which reduced Japanese production of GaAs substrates 
(Compound Semiconductor, 2012а). In addition, Japan's 
shipments of GaAs decreased by 22% in value in 2012 
compared with those of 2011 owing to the economic slowdown 
in Europe and competition from overseas producers. Japan's 
shipments of gallium phosphide decreased by 15% in value 
from 2011 due to competition from lower cost Chinese LED 
producers (Roskill's Letters from Japan, 2013а). | 

Korea, Republic of.—Molycorp began commercial | 
operation of its gallium trichloride production facility in the 
Hyeongok Industrial Zone, which was regarded as the center 
of the country's LED industry. The new facility was built to 
supply gallium trichloride to Asian markets as well as to serve 
as a backup for Molycorp's Ке facility in 

OK (Molycorp, Inc., 
ud PE MEE 2012, IQE plc (Cardiff, Wales) 
acquired the molecular beam epitaxy (MBE) epiwafer 
manufacturing unit of RF Micro Devices Inc. (Greensboro, NC). 
The transferred assets include a 8,400 square meter cleanroom 
and 16 MBE manufacturing systems and equipment in 
Greensboro. The value of the transferred assets was about 
$27 million (Semiconductor Today, 2012р). " | 

In January 2013, IQE completed the acquisition of the Kopin 
Wireless compound semiconductor epiwafer апше 
division of Kopin Corp. (Taunton, MA), plus its 90.276 
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controlling interest in subsidiary Kopin Taiwan Corp. in 
Hsinchu, Taiwan. Kopin Wireless was a global manufacturer 

of heterojunction bipolar transistors, which are used in power 
amplifiers, a key wireless component in mobile devices. The 
devices are produced using MOCVD epitaxial wafer technology 
(Compound Semiconductor, 2013b). 


Outlook 


According to IQE, smartphones represented a fundamental 
structural shift in mobile communications. Smartphones, which 
use up to 10 times the amount of GaAs-rich RF content than 
standard cellular telephones, were expected to account for 4396 | 
of all handset sales by 2014 (IQE plc, 2012, p. 8). Installation 
of 3G and 4G mobile networks in India and the Republic of 
Korea was expected to further increase sales of smartphones. 
Additional increases in GaAs demand will also result from new 
applications for wireless fidelity (WiFi), such as point-to-point 
communications, smart meters, and tablet personal computer 
technologies. Market research firm Yole Développement 
predicted that the GaAs substrate market would increase nearly 
11% per year through 2017 owing primarily to the rise in | 
GaAs content in handsets and increased penetration of LEDs in 
general lighting and automotive applications (Semiconductor 
Today, 2012e). Strategy Analytics was more conservative in its 
growth forecast of the GaAs device market, anticipating 3.6% 
per year growth through 2016 owing to a slowing rate of growth 
in the smartphone handset market and an uncertain global 
economy (Semiconductor Today, 20124). 

Yole Développement reported that emerging companies 
in the GaN power device market were expected to transition 
from qualification to production ramp up in 2013, and the 
increased GaN device capacity would enable the market to 
expand rapidly. It was thought that the GaN power device 
market could reach $1 billion in revenue by 2019 if GaN power 
devices were qualified in the electric vehicle/hybrid electric 
vehicle sector. Yole Développement also indicated that some 
LED manufacturers were considering manufacturing GaN 
power electronics as a means of diversifying their excess LED 
fabrication capacity (Keller, 2012). 

Strategy Analytics forecast the overall GaN device market 
would increase at nearly 29% per year, to reach $178 million 
in 2015. The U.S. defense industry was expected to continue 
to be the major customer of GaN devices. The percentage of 
total GaN revenue derived from military applications, however, 
would decrease to 67% in 2015 from 98% in 2010, as GaN's 
efficiency, power dissipation, and operating temperature 
advantages increasingly are used in commercial market 
applications (Compound Semiconductor, 2012b). | | 

Owing to significant expansion of LED manufacturing capacity, 
reduced prices, government incentives, and a lower rate of 
adoption of LED television backlighting, the LED industry was 
expected to expand its general lighting applications for the rest 
of the decade. The highest growth was forecast to be in LED- 
based tubes that replace fluorescent tubes used in commercial 
applications, LED-based street lights, and LED luminaires of 

ing si i has had the largest market for 
varying sizes. Since 2011, Japan | RR 
LED lighting applications and was expected to continue leaaing 
the market through 2016. China, Europe, and North America 
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also were expected to increase their demand for LED lighting 
applications (Compound Semiconductor, 2013c). 

As the market for general LED lighting increases, global 
demand for the precursors TMG and TEG was expected to 
more than double to about 70 t by 2016. China was forecast 
to consume up to 45% of the precursors in 2016. MOCVD 
system shipments, however, were predicted to decrease by 
46% in 2013 owing to sufficient capacity already established 
by the LED chipmakers and the decreasing number of LEDs 
required by LED televisions (Compound Semiconductor, 2013a; 
Semiconductor Today, 2013d). 

More than 100 billion GaN LEDs, valued at more than 
$10 billion, were forecast to ship in 2013. The revenue in 2013 
was expected to be double that of 2009, while unit shipments 
will have more than tripled (Semiconductor Today, 2013c). 

Industry analyst firm NanoMarkets, LC, forecast that the 
CIGS market could reach $4.4 billion by 2017 provided 
that CIGS manufacturers adopt new strategies to protect 
themselves from declining crystalline silicon solar panel 
prices. NanoMarkets expected CIGS manufacturers to continue 
reducing prices as a result of increases in production volume 
and manufacturing efficiencies, as well as aggressive recycling 
strategies (Semiconductor Today, 2012c). 
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TABLE ! 
SALIENT U.S. GALLIUM STATISTICS! 


(Kilograms unless otherwise specified) 


2008 2009 2010 2011 2012 
Production 22 ES M m == 
Imports for consumption 41,100 35,900 59,200 85,700 58,200 
Consumption 28,700 24,900 33,500 35,300 34,400 
Price” dollars per kilogram 579 449 600 688 529 
-- Zero. 


'Data are rounded to no more than three significant digits. 
"Estimate based on average value of U.S. imports of high-purity gallium. 


TABLE 2 
U.S. CONSUMPTION OF GALLIUM, ВУ END USE"? 


(Kilograms) 

= End use 2011 2012 
Optoelectronic devices: 

Laser diodes and light-emitting diodes 9,500 10,400 
. Photodetectors and solar cells 705 642 
Integrated circuits: 

Analog И 22,900 20,600 
. Digital 2,050 2,730 
Research and development 123 32 

Total 35,300 34,400 


'Data are rounded to no more than three significant digits; may not add to 
totals shown. 


"Includes gallium metal and gallium compounds. 


TABLE 3 
STOCKS, RECEIPTS, AND CONSUMPTION OF GALLIUM, BY GRADE"? 


(Kilograms) 
Beginning Ending 
Purity stocks Receipts Consumption stocks 
2011: 
_ 99.99% to 99.999% ПИ 3,870 1,290 7 / 5,150 
. 99.999994 960 679 301 1,340 
99.99999% to 99.999999% 144 842 619 367 
Total 4,970 2,810 927 6,850 
рар 
_ 99.99% to 99.999% 5,150 2317? - 4,930 
_ 99.999996  — К 1,340 -242 3 2 1,090 
_ 99.99999% to 99.999999% ___ 367 655 828 194 
Total 2 6,850 195 829 | 6220 
-- Zero. 


] 
Consumers only. 


2 TM pus 
Data are rounded to no more than three significant digits; may not add to totals shown. 
Reshipments exceeded receipts. 
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TABLE 4 
ESTIMATED AVERAGE GALLIUM PRICES 


(Dollars per kilogram) 
Gallium metal 2011 2012 
TABLE 5 
U.S. IMPORTS FOR CONSUMPTION OF GALLIUM (UNWROUGHT, WASTE, 
AND SCRAP), BY COUNTRY! 
2011 EN 2012 
Quantity Quantity 
Country (kilograms) Value (kilograms) Value” 
Canada -- -- 199 $55,500 
China 8,890 $6,540,000 22,700 9,200,000 
France 1,290 667,000 319 163,000 
Germany 35,200 13,000,000 23,900 8,230,000 
Hungary 268 152,000 -- ~ 
Japan 1,250 844,000 1,130 529,000 
Korea, Republic of 1,420 900,000 1,130 231,000 
Netherlands 3,100 1,720,000 -- € 
Russia 701 607,000 -- -- 
Singapore 6,050 2,880,000 48 20,500 
Ukraine 149 123,000 2,170 632,000 
United Kingdom 27,300 16,200,000 6,500 3,610,000 
Other -— -- 130 56,000 
Тога! 85,700 43,700,000 58,200 — 22,700,000 


-- Zero. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 
Customs value. 


Source: U.S. Census Bureau. 
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Material and country 


Undoped: 
Austria 
Canada 
China 
Germany 
Japan 
Taiwan 


United Kingdom 


Other 
Total 
Doped: 


Belarus 
Belgium 
China 


__Czech Republic 


Finland 
France 
_ Germany 


Italy 
. Japan 


Korea, Republic of 


Malaysia 


. Poland 
Singapore 
Taiwan 


. United Kingdom 


Other 
Total 
"Revised. 


TABLE 6 


2011 


Quantity 
(kilograms) 


26 
2,910 
558 
11,200 
12,300 
59,400 
25 

25 
86,500 


9,030 
445 
15,100 
1,190 
6,490 
2,290 
56,000 
83 
84,000 
1,830 
195 
700 
6,560 
17,300 
9,280 
4,120 ' 
215,000 


Value? 


$18,800 
23,600 
178,000 
131,000 
41,700 
304,000 
2,360 
4,730 
704,000 


1,980,000 
588,000 
22,100,000 
1,230,000 
4,400,000 
3,670,000 
31,600,000 
57,200 
96,900,000 
697,000 
27,500 
644,000 
10,700,000 
45,700,000 
3,250,000 


1,950,000 ' 
225,000,000 


U.S. IMPORTS FOR CONSUMPTION OF 
GALLIUM ARSENIDE WAFERS, BY COUNTRY! 


2012 
Quantity 
(kilograms) Value” 
117 $78,000 
2,980 25,100 
1 6,000 
10 17,600 
460 80,600 
6 19,600 
5 13,600 
31 7,720 
3,610 248,000 
6,700 719,000 
3,390 600,000 
20,700 20,200,000 
199 59,500 
7,650 5,160,000 
8,620 12,000,000 
44,900 28,600,000 
1,050 431,000 
71,000 77,300,000 
12,900 1,290,000 
3,240 276,000 
557 453,000 
9,200 13,400,000 
24,800 47,400,000 
1,800 2,500,000 
1,550 910,000 
218,000 — 211,000,000 


| a T 
Data are rounded to no more than three significant digits; may not add to totals shown. 


2 
Customs value. 


Source: U.S. Census Bureau. 
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TABLE 7 
ESTIMATED WORLD ANNUAL PRIMARY GALLIUM 


PRODUCTION CAPACITY, DECEMBER 31, 2012! 


(Metric tons) 
Country Capacity 

China 350 
Germany 40 
Hungary 8 
Japan 10 
Kazakhstan 25 
Korea, Republic of 16 
Russia 10 
Ukraine _ 15 

Total 474 
Includes capacity at operating plants as well as at plants on 
standby basis. 
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GARNET, ÍNDUSTRIAL 
By Donald W. Olson 


Domestic survey data and table were prepared by Connie Lopez, statistical assistant. 


In 2012, U.S. production of crude garnet concentrate for 
industrial use was estimated to be 46,900 metric tons (t) valued 
at about $8.60 million, a decrease from 56,400 t valued at about 
$9.76 million in 2011. U.S. exports and imports of industrial 
garnet were estimated to be 14,600 t and 166,000 t, respectively. 
U.S. apparent consumption was estimated to be 199,000 t. 
World production of crude garnet concentrate for industrial use 
was estimated to be 1.67 million metric tons (Mt) during 2012, 
compared with 1.66 Mt in 2011 (table 1). 

This report includes information on garnet produced in the 
United States that was used for industrial purposes. Current 
information on gem-grade garnet can be found in the U.S. 
Geological Survey (USGS) Minerals Yearbook, volume I, 
Metals and Minerals, chapter on gemstones. Trade data in this 
report are from the U.S. Census Bureau. All percentages in the 
report were computed using unrounded data. 

Garnets have been used as gemstones and abrasives for 


centuries, Garnet necklaces have been found in burial sites as far 


back as the Bronze Age (3600 to 600 B.C.), and garnet is found 
among the ornaments adorning the oldest Egyptian mummies. 
Garnet is ideal for many industrial applications because of its 
angular fractures, relatively high hardness and specific gravity, 
chemical inertness, nontoxicity, lack of crystalline silica, and its 
ability to be recycled. 
| Garnet is the general name given to a group of complex 
silicate minerals, all with isometric crystal structure and similar 
properties and chemical composition. The general chemical 
formula for the garnet minerals is A,B,(Si0,),, where A can 
be calcium, ferrous iron, magnesium, or manganese, and B 
can be aluminum, chromium, ferric iron, or rarely, titanium. 
The most common garnet minerals are classified into three 
groups—the aluminum-garnet group, the chromium-garnet 
group, and the iron-garnet group. The most common minerals 
of the aluminum-garnet group are almandine or almandite, 
grossularite, pyrope, and spessartite. 
Andradite is the most common iron-garnet mineral, and 
uvarovite is the most common chromium garnet. Garnet 
occurs worldwide in many rock types, principally gneisses 
and schists; other sources include contact metamorphic rocks, 
metamorphosed crystalline limestones, pegmatites, and 
serpentinites. Alluvial garnet is associated with heavy-mineral 
sand and gravel deposits in many parts of the world. 
та js a are numerous; however, relatively few 
garnet deposits have been identified. 


Production 


The U.S. industrial 
few major producers. 
Progressively higher 


since the mid- 1990s. 
of 


garnet industry is dominated by a 

The garnet industry has encountered 

production costs and tighter profit margins 

" 1 These factors have resulted in the loss 
competitive producers. Because of the need to keep 
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production costs at a minimum, the most competitive producers 
are those who produce garnet in combination with one or 
two other minerals, have reserves that can be mined at a low 
cost, and have the ability to react rapidly to changes in market 
demand. The value of industrial garnet is influenced by the size 
and grade of reserves, the type and quality of garnet mined, the 
proximity of deposits to infrastructure and consumers, and the 
milling costs. The majority of industrial-grade garnet mined 
in the United States is almandine (iron aluminum silicate) 
and pyrope (magnesium aluminum silicate); some andradite 
(calcium iron silicate) also is mined domestically. Industrial 
garnet is produced from alluvial bar and beach deposits, like 
those in Idaho and Montana (also those in Australia and India), 
and it is produced from hard rock deposits, like those in New 
York (Moore, 2006). 

Four U.S. companies accounted for all domestic production— 
one in Idaho, one in Montana, and two in New York. The 
USGS obtained the data in this report through a survey of U.S. 
industrial garnet producers. Two of the four domestic producers 
reported their output and sales to the USGS, and production 
amounts and values for the nonreporting companies were 
estimated based on industry production trends, reports from 
some producers and other industry sources, and discussions with 
consultants within the garnet industry. 

In 2012, U.S. production of crude garnet concentrate for 
industrial use was estimated to be 46,900 t valued at about 
$8.60 million (table 1). This was a 1796 decrease in production 
quantity and a decrease of 12% in value compared with 56,400 t 
valued at $9.76 million in 2011. The United States accounted 
for about 3% of global industrial garnet production. Refined 
garnet material produced during 2012 was estimated to be 
25,800 t valued at $7.08 million, a unit value of $275 per metric 
ton, which was а 23% decrease in quantity, a decrease of about 
27% in total value, and a 4% decrease in unit value compared 
with the 2011 levels. Garnet producers in 2012 were Barton 
International in Warren County, NY; Emerald Creek Garnet 
Ltd. in Benewah County, ID; NYCO Minerals, Inc. in Essex 
County, NY; and Ruby Valley Garnet LLC in Madison County. 
MT. In addition to the producers cited above, Opta Minerals | 
Inc. in о County, NY, processed and sold all the crude 
garnet mined by NYCO Minerals 
AE E 2, М as а byproduct of wollastonite 

On August 29, 2012, Opta Minerals Inc. acquired WGI 
Heavy Minerals, Inc. by the purchase of 94% of t 
common shares of WGI Heavy Minerals and the 
compulsory acquisition transaction of remaining 
Heavy Minerals was the parent company of Eme 
Garnet which mined garnet in the Carpenter and 
basins in Idaho. WGI Heavy Minerals, through i 
markets and sells abrasive products and services 
replacement parts globally (Opta Minerals Inc. 


he outstanding 
planned 
Shares. WGI 
rald Creek 
Emerald Creek 
ts subsidiaries, 
and waterjet 

‚ 2012; Patel, 


2012). International Garnet Abrasive Inc., which was acquired 
by Opta Minerals Inc. in 2001, changed its name to Opta 
Minerals Inc. in 2012. 

À new mining operation being developed in Coos County, 
OR, by Oregon Resources Corp. was expected to produce 
alluvial sands containing chromite, spessartite garnet, and other 
minerals. The company planned to process a test run of garnet 
production in August 2012 for evaluation. During the last 
quarter of 2012, and continuing into 2013, the garnet operation 
was placed under care-and-maintenance status. Once the garnet 
production is brought online, the garnet is intended for waterjet 
cutting markets (Brianna Hanson, director of marketing and 
sales, Oregon Resources Corp., oral commun., July 30, 2012; 
May 8, 2013). Oregon Resources estimated that the mine will 
produce 635,000 tons per year of ore, yielding 54,400 t of 
chromite and 16,300 to 18,100 t of spessartite garnet. Oregon 
Resources projected a 15-year mine life for the operation 
(James Dingman, retired director of marketing and sales, 
Oregon Resources Corp., written commun., February 28, 2007; 
oral commun., July 27, 2012). 


Consumption 


In 2012, the estimated U.S. apparent consumption of 
industrial garnet was 199,000 t. This was a 26% increase 
compared with the U.S. apparent consumption quantity of 201 l. 
The United States accounted for about 12% of global industrial 
garnet use. | 

The end uses for garnet in the United States and their | 
estimated market share in 2012 were abrasive grains for waterjet 
cutting, 35%; abrasive blasting media, 30%; water filtration, 
20%; abrasive powders, 10%; and other, 5%. Domestic 
industries that consume garnet include aircraft and motor | 
vehicle manufacturers, ceramics and glass producers, electronic 
component manufacturers, filtration plants, glass polishing, 
the petroleum industry, shipbuilders, textile stonewashing, and 
wood-furniture-finishing operations. | 

Most industrial garnet is used as an abrasive because of 
its hardness, which ranges from 6 to 7.5 on the Mohs scale. 
High-quality, high-value garnet grain has been used principally 
for such applications as optical lens grinding and plate-glass 
grinding for more than a century; industrial diamond and 
fused aluminum oxide are competitors in these E 
In recent years, industrial garnet powders have been used A 
high-quality, scratch-free lapping of semiconductor ма S 
and other metals. Garnet has replaced some silica san ^ the : 
abrasive blasting media market because garnet does not um e 
health risks associated with the inhalation of airborne e ine 
silica dust. At present, however, silica sand and Rice 
continue to be the most widely used media in blasting. The | 
U.S. petroleum industry is one of the leading garnet-consuming 
| d | tries, using garnet for cleaning drill pipes and well casings. 
p t is also beginning to be used as an oil and gas reservoir 
а proppant ог mixed with other proppants: In August, 

d Sands, LLC., one of North America’s leading 
dide fracturing sand and coated proppant manufacturers, 
dais e a nonphenolic coated proppant that can consistently 
introd particle-to-partile bonding in conditions as low as 32?C 
cre 
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(90 °F) without the use of an activator. This proprietary 
technology was developed by Preferred Sands in conjunction 
with The Dow Chemical Co. The new proppant, RCS Garnet, 
can be used in low-temperature well environments, such as 
those found in Alberta, Canada, and in the Permian Basin in 
Texas. RCS Garnet is an alternative to commonly used phenolic 
products, which were designed for use in high-temperature 
environments and require an activator to create the 
particle-to-particle bonding necessary for flowback control in 
low-temperature wells. Using an activator adds cost and risk of 
contamination. RCS Garnet was designed to create particle-to- 
particle bonding between 32 °С (90 ?F) and 93 °С (200 ?F) 
without the use of an activator. RCS Garnet was launched 

and went into full production in February 2013. RCS Garnet 
minimizes chemical leaching, reduces environmental impacts, 
and improves performance and sustainability (PR Newswire, 
2012; Dow Chemical Co., 2013). 

The aluminum aircraft manufacturing and shipbuilding 
industries use garnet for blast cleaning and for finishing metal 
surfaces. Similar uses include the cleaning and conditioning 
of aluminum and other soft metals, as well as metal cleaning 
by structural steel fabrication shops. Garnet entrained in 
high-pressure streams of water also is used to cut many different 
materials. Garnet powders generally are used for antiskid 
surfaces, antislip paints, and glass and ceramic polishes. 

Waterjet cutting is the process of combining water under 
ultrahigh pressure with entrained garnet grains to cut a wide 
variety of materials. Materials cut using this process range from 
soft leather and fabric to hard steel, titanium, and other metals. 
Waterjet cutting makes it possible to carve extremely complex 
shapes with computer-assisted cutter control. Almandine- 
pyrope garnet is excellent for this application as it strikes the 
necessary balance between cutting productivity and equipment 
wear. The waterjet market began to develop slowly in the late 
1980s and early 1990s, and it has grown at a faster rate in the 
past 20 years. Future growth is expected to remain steady as 
use of this technology expands in existing areas and enters 
new applications. Abrasive waterjet cutting provides a tool for 
manufacturers faced with the task of cutting new materials, 
such as composites and sandwiched materials that had been 
problematic to machine in the past. Waterjet cutting allows for 
flexibility and eliminates the need for flame cutting. Cutting | 
fragile materials or intricate patterns by abrasive waterjet cutting 
significantly decreases the amount of distortion or breakage 
(Rapple, 2006). 

Low-quality industrial garnet, which has lower hardness and 
is more highly fractured, is used as a high-density medium 11 
water filtration systems because of its relative inertness and 
resistance to chemical degradation. Garnet is well suited for 
water filtration and treatment because it is relatively heavy and 
chemically stable. Mixed-media water filtration, which lud 
a mixture of anthracite, garnet, and silica sand, has displace lit 
older filtration methods because it provides better water x Пу. 
Garnet competes with ilmenite, magnetite, plastics, and silica 
sand as a filtration medium. Е 

Other applications for garnet include the m A 
coated abrasives and the finishing of felt, hard rubber, gun 
plastics, and wood. In the coated-abrasive market, garne 
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between low-cost quartz sand or staurolite and more costly 
manufactured abrasives, such as fused alumina and silicon 
carbide. Garnet is more efficient than quartz sand in most 
coated-abrasive applications. Owing to its friable nature and 
lower hardness, garnet cannot compete with manufactured 
abrasives in metalworking applications that require substantial 
metal removal. 

U.S. industrial garnet apparent consumption has increased 
steadily since 2009 and in 2012, exceeded levels seen prior 
to the global recession. The industrial garnet market also has 
recovered. Garnet materials most preferred for waterjet cutting 
applications remain in tight supply. 


Prices 


Industrial garnet is priced at a wide range, depending on 
application, quality, quantity purchased, source, and type. 
During 2012, domestic values for crude concentrates for 
different applications ranged from about $94 to $208 per metric 
ton, with an average for the year of $183 per ton. Domestic 
values for refined garnet for different applications sold during 
the year ranged from $215 to $331 per ton, with an average for 
the year of $275 per ton. 

The estimated average values of garnet from other leading 
producers around the world based on the customs value of 
import shipments were as follows: Australia, $193 per ton; 
Canada, $228 per ton; China, $453 per ton; and India, $187 per 
ton. During 2012, the average value of industrial garnet 
imported from all sources was $208 per ton, which was a slight 
decrease from $211 per ton in 2011. 


Foreign Trade 


Lower priced foreign imports of garnet slowly began 
displacing U.S. production in domestic markets during the 
1990s. For the past 5 years, industrial garnet imports have 
provided between 59% and 78% of the total U.S. industrial 
garnet supply. 
| The U.S. Census Bureau compiles trade data on exports and 
imports of industrial garnet mixed with other natural abrasive 
commodities, such as emery and corundum, so the data cannot 
be identified specifically as garnet. Exports and imports 
of industrial garnet for 2012 were estimated to be 14,600 t 
and 166,000 t, respectively. These estimates were based on 
reports from some producers and other industry sources, and 
discussions with garnet industry consultants. Exports increased 
slightly from those of 201 1, and imports increased by about 
44% compared with those of 2011. In 2012, Australia, China, 
and India continued to supply the majority of the U.S. garnet 
imports for consumption, with Australia providing 54%; India, 
39%; China, 5%; and other countries, 2%. About 79% of garnet 
exports from the United States went to Brazil, Canada, China, 


Germany, Mexico, Sweden, Taiwan, Trinidad and Tobago, and 
the United Kingdom. 


World Review 


D USGS estimated total 2012 world industrial garnet 
о to be about 1.67 Mt, a very slight increase compared 
ith that in 2011. In 2012, India, China, Australia, and the 
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United States were, in decreasing tonnage order, the leading 
producers. In 2012, India produced about 48% of total global 
production; China, about 31%; Australia, 16%; the United States, 
about 396; and other countries, about 2%. China and India are 
expected to continue as the leading world producers of industrial 
garnet. Russia and Turkey have been mining garnet in recent 
years, primarily for domestic markets. Small garnet-mining 
operations also are located in Canada, Chile, the Czech Republic, 
Pakistan, South Africa, Spain, Thailand, and Ukraine. Production 
in most of these countries is for domestic use. 

Industrial garnet suppliers in Australia and India continued to 
be negatively affected by stronger domestic currencies against 
the U.S. dollar and increased production costs. This allowed 
supply replacement from lower priced sources in China. The 
Chinese supply of industrial garnet was increasing, but the 
quality of those supplies has not been as consistent as other 
producers (Industrial Minerals, 2011). 

China and India were expected to steadily increase garnet 
output for the next decade and have become significant garnet 
sources for other countries. Worldwide end uses and their 
estimated market shares were abrasive blasting media, 5096; 
abrasive grains for waterjet cutting, 3096; water filtration, 1596; 
and other end uses, 5%. 


Outlook 


The U.S. garnet industry has encountered higher production 
costs and tighter profit margins during recent years. The industry 
also has been competing with lower priced foreign imports 
that have displaced U.S. production in domestic markets, so 
much so that, for the past 7 years, industrial garnet imports 
have exceeded domestic industrial garnet production. This 
has resulted in the closure of noncompetitive operations. 
Because of the need to keep production costs at a minimum, the 
most competitive producers are those who produce garnet in 
combination with one or two other minerals, have reserves that 
can be mined at a low cost, and have the ability to react rapidly 
to changes in market demand. An example of a new mining 
operation that will produce more than one mineral is the mine 
being developed in Coos County, OR, by Oregon Resources 
Corp. The mine was expected to produce chromite, spessartite 
garnet, zircon, and ilmenite (James Dingman, retired director of 
marketing and sales, Oregon Resources Corp., written commun 
February 28, 2007; oral commun., July 27, 2012). | 

Worldwide demand for industrial garnet is expected to 
continue to increase, especially within the markets for abrasive 
grains for waterjet cutting and for abrasive blasting media. 
Garnet demand also is expected to continue to expand for 
aircraft manufacturing and shipbuilding, where significant 
quantities of garnet are used for abrasive blast cleaning and 
finishing of metal surfaces and for waterjet cutting. The use of 
garnet in waterjet cutting is expected to increas 


€ at a higher rat 
than the use of garnet as an abrasive blasting | | 


media. 
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TABLE 1 


ESTIMATED SALIENT U.S. INDUSTRIAL GARNET STATISTICS! 


ee 
2008 2009 


200 201. 2012 
Е I IC CL [C LLL т йы CDL CLIE ILE EO ILES 
United States: 

Crude production: 
~~ Quantity metric tons 62,900 45,600 52,600 56,400 — 46,900 
Value thousands $13,600 $6,850 _ $7,910 $9,760 $8,600 
d garnet production: 
ар _ 480 22300 о 28000 33700 25800 
NEC OCC MEE thousands $13,500 $6,100 — $7510 . $9,660 $7,080 
ET i 14,500 14,600 
ntity metric tons 12,500 13,200 11,700 : : 
Sate thousands $9,050 $10,700 $14,400 $14,100 $14,600 
WE. ee a а о  : : 0: : 0: 0: 
mption 
Imports for T имено 92,300 — 71,100 | 79,700 116,000 166,000 
S any thousands $21,700 $16,700 $20,800 $24,500 i $34,500 
е NE M ee a р 
= mption” metric tons 143,000 104,000 121,000 158,000 199,000 
Мене : 1,310,000 1,390,000 1,410,000 1,660,000 1,670,000 
World, procu 


do. Ditto. 
!Data are rounded to no more than three significant digits. 
?Domestic production plus imports minus exports. 
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GEMSTONES 
By Donald W. Olson 


Domestic survey data and tables were prepared by Connie Lopez, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


In 2012, the estimated value of natural gemstones produced in 
the United States was $11.3 million (table 3) and the estimated 
value of U.S. laboratory-created gemstone production was 
$31.2 million. The total estimated value of U.S. gemstone 
production was $42.6 million. The value of U.S. gemstone 
imports was $21.3 billion (table 10) and the value of combined 
U.S. gemstone exports and reexports was estimated to be 
$16.9 billion (table 6). In 2012, world natural diamond 
production totaled 128 million carats, of which an estimated 
92 million carats were gem quality (table 11). 

In this report, the terms “gem” and “gemstone” mean any 
mineral or organic material (such as amber, pearl, petrified 
wood, and shell) used for personal adornment, display, or object 
of art because it possesses beauty, durability, and rarity. Of 
more than 4,000 mineral species, only about 100 possess all 
these attributes and are considered to be gemstones. Silicates 
other than quartz are the largest group of gemstones in terms 
of chemical composition; oxides and quartz are the second 
largest (table 1). Gemstones are subdivided into diamond and 
colored gemstones, which in this report designates all natural 
nondiamond gems. In addition, laboratory-created gemstones, 
cultured pearls, and gemstone simulants are discussed but are 
treated separately from natural gemstones (table 2). Trade data 
in this report are from the U.S. Census Bureau. АП percentages 
in the report were computed using unrounded data. Current 
information on industrial-grade diamond and industrial-grade 
garnet can be found in the U.S. Geological Survey (USGS) 
Minerals Yearbook, volume I, Metals and Minerals, chapters on 
industrial diamond and industrial garnet, respectively. 

Gemstones have fascinated humans since prehistoric times. 
They have been valued as treasured objects throughout history 
by all societies in all parts of the world. Amber, amethyst, coral, 
diamond, emerald, garnet, jade, jasper, lapis lazuli, pearl, rock 
crystal, ruby, serpentine, and turquoise are some of the first 
Stones known to have been used for making Jewelry. These 
Stones served as symbols of wealth and power. Today, gems are 
wom more for pleasure or in appreciation of their beauty than to 
demonstrate wealth. In addition to jewelry, gemstones are used 
for collections, decorative art objects, and exhibits. 


Production 


U.S. gemstone production data were based on a survey of 
more than 250 domestic gemstone producers conducted by the 
SUM The survey provided a foundation for projecting the 
cope and level of domestic gemstone production during the 
Wi ы the 0505 survey did not represent all gemstone 

C уну in the United States, which includes thousands of 
Ae and amateur collectors. Consequently, the USGS 

i emented its survey with estimates of domestic gemstone 
production from related published data, contacts with gemstone 
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dealers and collectors, and information gathered at gem and 
mineral shows. 

Commercial mining of gemstones has never been extensive 
in the United States. More than 60 varieties of gemstones have 
been produced commercially from domestic mines, but most of 
the deposits are relatively small compared with those of other 
mining operations. In the United States, much of the current 
gemstone mining is conducted by individual collectors, gem 
clubs, and hobbyists rather than by businesses. 

The commercial gemstone industry in the United States 
consists of individuals and companies that mine gemstones 
or harvest shell and pearl, firms that manufacture laboratory- 
created gemstones, and individuals and companies that cut and 
polish natural and laboratory-created gemstones. The domestic 
gemstone industry is focused on the production of colored 
gemstones and on the cutting and polishing of large diamond 
stones. Industry employment is estimated to be between 1,200 
and 1,500 individuals. 

Most natural gemstone producers in the United States 
are small businesses that are widely dispersed and operate 
independently. The small producers probably have an average 
of three employees, including those who only work part time. 
The number of gemstone mines operating from year to year 
fluctuates because the uncertainty associated with the discovery 
and marketing of gem-quality minerals makes it difficult to 
obtain financing for developing and sustaining economically 
viable operations. 

The total value of natural gemstones produced in the United 
States was estimated to be $11.3 million during 2012 (table 3). 
This production value was a 3% increase from that of 2011. 

Natural gemstone materials indigenous to the United States are 
collected or produced in every State. During 2012, each of the 
50 States produced at least $1,410 worth of gemstone materials. 
There were 11 States that accounted for 90% of the total value, as 
reported by survey respondents. These States were, in d 
order of production value, Arizona, North Carolina, Oregon 
California, Utah, Tennessee, Montana, Colorado, Arkansas | 
Idaho, and Maine. Some St +. 
of a single gemstone я is Gi pode 
for example. Other States produced a vari RATE кызны ы 

е ariety of gemstones; for 
example, Arizona's gemstone deposits included agate, ameth 
i ; | , yst, 
azurite, chrysocolla, garnet, jade, jasper, malachite, obsidian 
onyx, opal, peridot, petrified wood, smithsonite, and turquoise 
A wide variety of gemstones also was found and produced in | 
California, Idaho, Montana, and North Carolina. | 

In 2012, the United States had onl 

нЕ. SES ae area in Crater of Diamonds State Park 
г Murfreesboro in Pike County, AR. The State of Arkans 

maintains a dig-for-fee operation for tourists and amateur * 

collectors at the park; Crater of Diamonds 15 the only diamond 


escending 


y one active operation in a 
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mine in the world that is open to the public. The diamonds 
occur in a lamproite breccia tuff associated with a volcanic 
pipe and in the soil developed from the lamproite breccia 

tuff. In 2012, 530 diamond stones with an average weight of 
0.180 carat were recovered at the Crater of Diamonds State 
Park. Of the 530 diamond stones recovered, 13 weighed more 
than 1 carat. Since the diamond-bearing pipe and the adjoining 
area became a State park in 1972 through yearend 2012, 
30,436 diamond stones with a total weight of 6,076.5 carats 
have been recovered (Margi Jenks, park interpreter, Crater of 
Diamonds State Park, written commun., January 22, 2013). 
Exploration has demonstrated that this diamond deposit contains 
about 78.5 million metric tons (Mt) of diamond-bearing rock 
(Howard, 1999, p. 62). An Arkansas law enacted early in 1999 
prohibits commercial diamond mining in the park. 

In addition to natural gemstones, laboratory-created 
gemstones and gemstone simulants were produced in the 
United States in 2012. Laboratory-created or synthetic 
gemstones have the same chemical, optical, and physical 
properties as natural gemstones. Simulants have an appearance 
similar to that of a natural gemstone material, but they have 
different chemical, optical, and physical properties. Laboratory- 
created gemstones that have been produced in the United States 
include alexandrite, cubic zirconia, diamond, emerald, garnet, 
moissanite, ruby, sapphire, spinel, and turquoise. However, 
during 2012, only cubic zirconia, diamond, moissanite, and 
turquoise were produced commercially. Simulants of amber, 
chrysocolla, coral, lapis lazuli, malachite, travertine, and 
turquoise also were manufactured in the United States. In 
addition, certain colors of laboratory-created sapphire and 
spinel, used to represent other gemstones, are classified as 
simulants. 

Laboratory-created gemstone production in the United 
States was valued at $31.2 million during 2012, which was 
a slight decrease compared with that of 2011. The value of 
U.S. simulant gemstone output was estimated to be more than 
$100 million. Five companies in five States, representing 
virtually the entire U.S. laboratory-created gemstone industry, 
reported production to the USGS. The States with reported 
laboratory-created gemstone production were, In descending 
order of production value, Florida, New York, North Carolina, 
South Carolina, and Arizona. 

Since the 1950s, when scientists manufactured the first 
laboratory-created bits of diamond grit using a high-pressure, 
high-temperature (HPHT) method, this method of growing 
diamonds has become relatively commonplace in the world 
as a technology for laboratory-created diamonds, 50 much SO 
that thousands of small plants throughout China were using 
the HPHT method and producing laboratory-created diamonds 
suitable for cutting as gemstones. Gem-quality diamonds | 
of carat or more are harder to manufacture because at that size, 
it is difficult to consistently produce diamonds of high quality, 
even in the controlled environment of a laboratory using the 
HPHT method. After more than 50 years of development, 
several laboratory-created diamond ees js r 
produce relatively large е s that equa 
those produced from mines (Park, ) 
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Gemesis Corp. (Sarasota, FL) reported production of gem- 
quality laboratory-created diamond in 2012. The weight of 
the laboratory-created diamond stones ranged from 1.5 to 
2 carats, and most of the stones were brownish yellow, colorless, 
green, or yellow. Gemesis uses diamond-growing machines 
capable of growing 3-carat rough diamonds by generating 
HPHT conditions that recreate the conditions in the Earth's 
mantle where natural diamonds form (Davis, 2003). The prices 
of the Gemesis laboratory-created diamonds are lower than 
those of comparable natural diamond but above the prices of 
simulated diamond. 

In the early 2000s, Apollo Diamond, Inc., near Boston, MA, 
developed and patented a method for growing single, extremely 
pure, gem-quality diamond crystals by chemical vapor 
deposition (CVD). The CVD technique transforms carbon into 
plasma, which is then precipitated onto a substrate as diamond. 
CVD had been used for more than a decade to cover large 
surfaces with microscopic diamond crystals, but in developing 
this process, Apollo Diamond discovered the temperature, gas 
composition, and pressure combination that resulted in the 
growth of a single diamond crystal. Apollo Diamond was able to 
produce laboratory-created stones that ranged from | to 2 carats. 
During 2011, Apollo Diamond ceased manufacture of single- 
crystal CVD diamond for gemstone and industrial use. During 
2011 and 2012, SCIO Diamond Technology Corp. (Greenville, 
SC) acquired all diamond growing equipment and machines, 
cultured diamond gemstone-related technology, inventory, 
and various intellectual property rights from Apollo Diamond 
(SCIO Diamond Technology Corp., 2012). SCIO Diamond 
Technology Corp. and Gemesis Corp. prefer to call their 
diamonds “cultured” rather than laboratory-created, referring to 
the fact that the diamonds are grown much like a cultured pearl 
is grown. Scio Diamond designed and built a new production 
facility in Greenville, SC, and relocated all production = 
equipment from Massachusetts to South Carolina. Production 
began in July 2012, and over the next 6 months, Scio Diamond 
produced more than 15,000 carats of laboratory-created | 
single crystal rough diamond. Scio Diamond began shipping 
laboratory-created CVD rough diamonds in September 2012 
(SCIO Diamond Technology Corp., 2013). | 

Charles & Colvard, Ltd. in North Carolina was the world's 
only manufacturer of moissanite, a gem-quality laboratory- 
created silicon carbide. Moissanite is an excellent diamond 
simulant, but it is being marketed for its own gem qualities. 
Moissanite exhibits a higher refractive index (brilliance) and 
higher luster than diamond. Its hardness is between those of 
corundum (ruby and sapphire) and diamond, which gives it Р 
durability (Charles & Colvard, Ltd., 2010). Charles & Colvar 
reported that moissanite sales increased by 40% to just T 
than $22.4 million in 2012 compared with $16.0 million in 2 
(Charles & Colvard, Ltd., 2013). | 

U.S. mussel shells are used as a source of mother-of-pear! 
and as seed material for culturing pearls. U.S. shell production 
decreased slightly in 2012 compared with that of 2011. This 
decrease was owing to decreased demand for U.S. shell Ж 
materials that was caused by the use of manmade seed materia 
and seed materials from China and other sources by pearl : 
producers in Japan. The popularity of darker and colored pear 
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and freshwater pearls that do not use U.S. seed material has 
also contributed to decreased demand for U.S. shell materials. 
In some regions of the United States, shell from mussels was 
being used more as a gemstone based on its own merit rather 
than as seed material for pearls. This shell material was being 
processed into mother-of-pearl and used in beads, jewelry, and 
watch faces. 


Consumption 


Historically, diamond gemstones have proven to hold their 
value despite wars or economic depressions, but this did not 
hold true during the recent worldwide economic recession. 
Diamond and colored gemstones value and sales in the 
United States decreased during the economic downturn in 2008 
and continued into 2009, returned to pre-downturn levels during 
20106, and again declined by about 1096 from 2010 to 2012. 

Although the United States accounted for little of the 
total global gemstone production, it was the world's leading 
diamond and nondiamond gemstone market. It was estimated 
that U.S. gemstone markets accounted for more than 35% of 
world gemstone demand in 2012. The U.S. market for unset 
gem-quality diamond during the year was estimated to be 
$20.2 billion, a decrease of 1096 compared with that of 2011. 
Domestic markets for natural, unset nondiamond gemstones 
totaled $772 million in 2012, which was a 35% decrease from 
that of 2011. 

In the United States, the majority of domestic consumers 
designate diamond as their favorite gemstone. This popularity 
of diamonds is evidenced by the diamond market accounting 
for 96% of the total value of the U.S. gemstone market. Colored 
natural gemstones, colored laboratory-created gemstones, and 
"fancy" colored diamonds were popular in 2012, although the 
values of the domestic consumption for almost all types of 
colored natural, unset nondiamond gemstones decreased from 
the 2011 values. 

The estimated U.S. retail jewelry sales were a record 
$71.3 billion in 2012, an increase of 5.9% from sales of 
$67.3 billion in 2011 (Gassman, 2013). U.S. jewelers reported 
Jewelry sales during the 2012 holiday shopping season increased 
8.9% to $20.6 billion from $18.9 billion in sales during the 2011 
holiday shopping season (IDEX Magazine, 2013). 


Prices 


Gemstone prices are governed by many factors and qualitative 
characteristics, including beauty, clarity, defects, demand, 
durability, and rarity. Diamond pricing, in particular, is complex; 
Values can vary significantly depending on time, place, and the 
subjective valuations of buyers and sellers. More than 14,000 
Categories are used to assess rough diamond and more than 
100,000 different combinations of carat, clarity, color, and cut 
Values can be used to assess polished diamond. 

Colored gemstone prices are generally influenced by market 
Supply and demand considerations, and diamond prices are 
Supported by producer controls on the quantity and quality of 
Supply. Values and prices of gemstones produced and (or) sold 
In the United States are listed in tables 3 through 5. In addition, 
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customs values for diamonds and other gemstones imported, 
exported, or reexported are listed in tables 6 through 10. 

De Beers Group companies remained a significant force, 
influencing the price of gem-quality diamond sales worldwide 
during 2012 because the companies mine a significant portion of 
the world's gem-quality diamond produced each year. In 2012, 
De Beers production from its independently owned and joint- 
venture operations in Botswana, Canada, Namibia, and South 
Africa decreased 10.9% to 27.9 million carats (Mct), compared 
with 31.3 Mct in 2011. De Beers companies also sorted and 
valuated a large portion (by value) of the world's annual supply 
of rough diamond through De Beers' subsidiary Diamond 
Trading Co. (DTC). DTC sales of rough diamonds decreased 
by 15% during 2012 to $5.5 billion compared with $6.5 billion 
during 2011. In 2012, De Beers had total diamond and jewelry 
sales of $6.1 billion, which was a decrease of 16% compared 
with those of 2011 (Greve, 2013). 


Foreign Trade 


During 2012, total U.S. gemstone trade with all countries 
and territories was valued at about $38.3 billion, which was 
a decrease of 8% from that of 2011. Diamond accounted 
for about 97% of the 2012 gemstone trade total value. In 
2012, U.S. exports and reexports of diamond were shipped 
to 90 countries and territories, and imports of all gemstones 
were received from 95 countries and territories (tables 6-10). 
In 2012, U.S. import quantities in cut diamond decreased by 
10% compared with those of 2011, and their value decreased 
by 9%. U.S. import quantities in rough and unworked diamond 
increased by 15%, although their value decreased by 13% 
(table 7, 10). The United States remained the world's leading 
diamond importer and was a significant international diamond 
transit center as well as the world's leading gem-quality 
diamond market. In 2012, U.S. export and reexport quantities 
of gem-grade diamond increased by 43% compared with those 
of 2011, but their value decreased by 7%. The large volume of 
reexports revealed the significance of the United States in the 
world's diamond supply network (table 6). 

Import values of laboratory-created gemstone decreased 
slightly for the United States in 2012 compared with those of 
2011 (table 10). Laboratory-created gemstone imports from 
Austria, Belgium, China, Germany, India, and Malaysia, with 
more than $26.7 million in imports, accounted for about 8094 
(by value) of total domestic imports of laboratory-created 
gemstones during the year (table 9), The marketing of imported 
laboratory-created gemstones and enhanced gemstones as 
natural gemstones and the mixing of laboratory-created 
materials with natural stones in imported parcels continued to 
be an issue for some domestic producers in 2012. In addition 
problems continued with some simulants being marketed as | 
laboratory-created gemstones during the year. 


World Review 


The worldwide gemstone industry has two distinct sectors— 
diamond mining and marketing and colored gemstone 
production and sales. Most diamond su 
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the quality and quantity of the gemstones relative to demand, а 
function performed by De Beers through DTC. Unlike diamond, 
colored gemstones are primarily produced at relatively small, 
low-cost operations with few dominant producers; prices are 
influenced by consumer demand and supply availability. 

In 2012, world natural diamond production totaled 128 Mct— 
92 Mct gem quality and 36 Mct industrial grade (table 11). Most 
production was concentrated in a few regions—A frica [Angola, 
Botswana, Congo (Kinshasa), Namibia, and South Africa], 

Asia (northeastern Siberia and Yakutia in Russia), Australia, 
North America (Northwest Territories in Canada), and South 
America (Brazil and Venezuela). In 2012, Russia led the world 
in total natural diamond output quantity (combined gemstone 
and industrial) with 27.3% of the estimated world production. 
Congo (Brazzaville) was the world's leading gemstone diamond 
producer with 23.496; followed by Russia, 22.5%; Botswana, 
15.6%; Zimbabwe, 11.9%; Canada, 11.396; Angola, 8.1%; 
South Africa, 3.196; and Namibia, 1.8%. These eight countries 
produced 98% (by quantity) of the world's gemstone diamond 
output in 2012. 

In 2002, the international rough-diamond certification 
system, the Kimberley Process Certification Scheme (KPCS), 
was agreed upon by United Nations (UN) member nations, the 
diamond industry, and involved nongovernmental organizations 
to prevent the shipment and sale of conflict diamonds. Conflict 
diamonds are diamonds that originate from areas controlled 
by forces or factions opposed to legitimate and internationally 
recognized governments, and are used to fund military action 
in opposition to those governments, or in contravention of the 
decisions of the UN Security Council. The KPCS includes 
the following key elements: the use of forgery-resistant 
certificates and tamper-proof containers for shipments of rough 
diamonds; internal controls and procedures that provide credible 
assurance that conflict diamonds do not enter the legitimate 
diamond market; a certification process for all exports of rough 
diamonds; the gathering, organizing, and sharing of import 
and export data on rough diamonds with other participants 
of relevant production; credible monitoring and oversight of 
the international certification scheme for rough diamonds; 
effective enforcement of the provisions of the certification 
scheme through dissuasive and proportional penalties for 
violations; self regulation by the diamond industry that fulfills 
minimum requirements; and sharing information with all other 
participants on relevant rules, procedures, and legislation as 
well as examples of national certificates used to accompany 
shipments of rough diamonds. The United States assumed the 
chair of KPCS for January ] through December 31, 2012, the 
tenth country or organization in succession to hold the chair 
after Congo (Kinshasa), Israel, Namibia, India, South Africa, 
Canada, Russia, Botswana, and the European Commission. The 
54 participants represented 80 nations (including the 27 member 
nations of the European Community) plus ше rough diamond- 
trading entity of Taipei. During 2012, Cóte d Ivoire continued to 
be under UN sanctions and was not trading 1n rough diamonds, 
and Venezuela voluntarily suspended exports and imports 
of rough diamonds until further notice. The Parucipsung 
nations in the KPCS account for approximately 99.8% of the 
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global production and trade of rough diamonds (Kimberley 
Process, undated). 

Globally, the value of production of natural gemstones other 
than diamond was estimated to be more than $2.5 billion in 
2012. Most nondiamond gemstone mines are small, low-cost, 
and widely dispersed operations in remote regions of developing 
nations. Foreign countries with major gemstone deposits other 
than diamond are Afghanistan (aquamarine, beryl, emerald, 
kunzite, lapis lazuli, ruby, and tourmaline), Australia (beryl, 
opal, and sapphire), Brazil (agate, amethyst, beryl, ruby, 
sapphire, topaz, and tourmaline), Burma (beryl, jade, ruby, 
sapphire, and topaz), Colombia (beryl, emerald, and sapphire), 
Kenya (beryl, garnet, and sapphire), Madagascar (beryl, rose 
quartz, sapphire, and tourmaline), Mexico (agate, opal, and 
topaz), Sri Lanka (beryl, ruby, sapphire, and topaz), Tanzania 
(garnet, ruby, sapphire, tanzanite, and tourmaline), and Zambia 
(amethyst and beryl). In addition, pearls are cultured throughout 
the South Pacific and in other equatorial waters; Australia, 
China, French Polynesia, and Japan were key producers in 2012. 

Worldwide diamond exploration spending increased 1676 
in 2012 with 65 companies allocating $520 million, compared 
with 70 companies allocating $449 million during 2011. The 
diamond share of overall worldwide mineral exploration 
spending was 2.596. Africa was the leading diamond exploration 
location (SNL Metals Economics Group, 2012). 

Worldwide in 2012, average diamond values decreased 
13.996 to $100.00 per carat from the 2011 average value of 
$116.19 per carat. This decrease was influenced the first half of 
the year by fears of global recession stalling demand in the Far 
East and India. The second half of the year was influenced by 
slow growth in China and more declines in India (SNL Metals 
Economics Group, 2013). 

Two new diamond projects were commissioned in 2012. The 
Karowe Mine in Botswana began operation, and the expansion 
of the Koidu Mine in Sierra Leone was commissioned in early 
2012 (SNL Metals Economics Group, 2013). 

Botswana.—Commissioning of ће Кагоме Mine, owned by 
Lucara Diamond Corp. was completed in May and commercial 
production began in July. During 2012, production was — 
303,060 carats, and when ramped up to full capacity in 2013, 
production was expected to be 400,000 carats per year (SNL 
Metals Economics Group, 2013). 

Canada.— Canadian diamond production was 10.5 Мо! 
during 2012, a decrease of 396 compared with that of 2011. 
Diamond exploration continued in Canada, with several | 
commercial diamond projects and additional discoveries in 
Alberta, British Columbia, the Northwest Territories, the 
Nunavut Territory, Ontario, and Quebec. In 2012, Canada | 
produced 8% of the world's combined natural gemstone an 
industrial diamond output. | 

The Ekati Diamond Mine, Canada's first operating 
commercial diamond mine, completed its 14th full year of 
production in 2012. Ekati produced 1.45 Mct of e " 
from 4.24 Mt of ore. This was a 29% decrease compare ME 
that of 2011. Approximately 21% of the Ekati 201 1 уж 
production was industrial-grade material (BHP ae ә 
2013, р. 10). During 2012, Harry Winston Diamond Corp: 
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entered into an agreement with BHP Billiton Canada Inc. to 
purchase BHP Billiton's diamond assets, which included its 8076 
controlling interest in the Ekati Diamond Mine and its diamond 
sorting and sales facilities for $500 million (DeMarco, 2012). 

The Diavik Diamond Mine, Canada's second diamond mine, 
also located in the Northwest Territories, completed its 10th full 
year of production. Diavik produces an average of 2 Mt of ore 
annually, grading an average of 3.1 carats per ton. During 2012, 
Diavik produced 7.2 Mct of rough diamond. At yearend 2012, 
Diavik estimated the mine's remaining proven and probable 
reserves to be 18.3 Mt of ore in kimberlite pipes containing 
2.9 carats of diamond per ton and projected the total mine life 
to be 16 to 22 years. Diavik began developing an underground 
mine and substantially completed construction on the project 
during 2009. The first ore was produced from the underground 
mine during the first quarter of 2010, with full production 
expected in 2013. The mine is an unincorporated joint venture 
between Diavik Diamond Mine Inc. (60%) and Harry Winston 
Diamond Mines Ltd. (4096) (Diavik Diamond Mine Inc., 

2013, p. 6). 

The Snap Lake Mine, in the Northwest Territories, is wholly 
owned by De Beers Canada Inc. The Snap Lake deposit is a 
tabular-shaped kimberlite dyke rather than the typical kimberlite 
pipe. The dyke is 2.5 meters thick and dips at an angle of 12? to 
15°. The deposit was mined using a modified room and pillar 
underground mining method in 2012. The Snap Lake Mine 
started mining operations in October 2007, reached commercial 
production levels in the first quarter of 2008, and officially 
opened June 25, 2008. The mine was expected to produce 
1,4 Мег per year of diamond, and the mine life was expected 
to be about 20 years. The mine's production for 2012 was 
870,000 carats (De Beers Canada Inc., 2011; De Beers Group 
Inc., 2013, p. 23). 

The Victor Mine, in northern Ontario on the James Bay 
coast, also is wholly owned by De Beers Canada. The Victor 
kimberlite consists of two pipes with a total surface area of 
15 hectares. The Victor Mine initiated mining operations at 
yearend 2007 and was officially opened on July 26, 2008. The 
Victor Mine has 27.4 Mt of reserves with average ore grade 
0f 0.23 carat per ton. At full capacity, the open pit mine was 
expected to produce 600,000 carats per year, and the mine 
life was expected to be about 12 years. In 2012, the mine's 
production was 690,000 carats (De Beers Group Inc., 2013, 
p.23; De Beers Canada Inc., undated). 

_ Sierra Leone.—An expansion of the Koidu Mine, which 

IS wholly owned Бу Koidu Holdings SA, involved the 

redevelopment of ће КІ kimberlite pipe and commissioning 

ofa new plant to increase capacity to 500,000 carats per year 

Зе 120,000 carats per year. The plant was commissioned in 
ptember 2012 (SNL Metals Economics Group, 2013, p. 26). 


Outlook 


As the domestic and global economies improve, Internet 
sales of diamonds, gemstones, and jewelry were expected to 
Continue to expand and increase in popularity, as were other 
forms of e-commerce that emerge to serve the diamond and 
gemstone industry. Internet sales are expected to add to and 
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partially replace *brick-and-mortar" sales. This is likely to take 
place as the gemstone industry and its customers become more 
comfortable with and learn the applications of new e-commerce 
tools, such as sales Web sites and online social networking Web 
sites (PR Newsline Services, 2012). 
As more independent producers, such as Ekati and Diavik 
in Canada, come online they will bring a greater measure of 
competition to global markets that presumably will result in 
increased supply and lower prices. Further consolidation of 
diamond producers and larger quantities of rough diamond 
being sold outside DTC is expected to continue as the diamond 
industry adjusts to De Beers' reduced influence on the industry. 
More laboratory-created gemstones, simulants, and treated 
gemstones are likely to enter the marketplace and necessitate 
more transparent trade industry standards to maintain 
customer confidence. 
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ТАВГЕ 2 
LABORATORY-CREATED GEMSTONE PRODUCTION METHODS 


cg a ышы и с шшш Еее 
Gemstone Production method Company/producer Date of first production 


Alexandrite Flux Creative Crystals Inc. 1970s. 
Do. Melt pulling J.O. Crystal Co., Inc. 1990s. 
Do. do. Kyocera Corp. 1980s. 
Do. Zone melt Seiko Corp. Do. 

Cubic zirconia Skull melt Various producers 1970s. 

Emerald Flux Chatham Created Gems 1930s. 
Do. do. Gilson 1960s. 
Do. do. Kyocera Corp. 1970s. 
Do. do. Lennix 1980s. 
Do. do. Russia Do. 
Do. do. Seiko Corp. Do. 
Do. Hydrothermal Biron Corp. Do. i 
Do. do. Lechleitner 1960s. 
Do. do. Regency 1980s. 
Do. do. Russia Do. 

Ruby Flux Chatham Created Gems 1950s. 
Do. do. Douras 1990s. 
Do. do. J.O. Crystal Co., Inc. 19805. 
Ро. до. Казћап Created Ruby 19605. 
Ро. Melt pulling Kyocera Corp. 1970s. 
Do. Verneuil Various producers 1900s. 
Do. Zone melt Seiko Corp. 1980s. 

Sapphire Flux Chatham Created Gems 1970s. 
Do. Melt pulling Kyocera Corp. 1980s. 
Do. Verneuil Various producers 1900s. 
Do. Zone melt Seiko Corp. 1980s. 

Star ruby Melt pulling Kyocera Corp. Do. 
Do. do. Nakazumi Earth Crystals Co. Do. 
Do. Verneuil Linde Air Products Co. 1940s. 

Star sapphire do. do. Do. 

Do., do. Ditto. 
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TABLE 3 


ESTIMATED VALUE OF U.S. NATURAL GEMSTONE PRODUCTION, 


BY GEM TYPE! 


(Thousand dollars) 


Gem materials 
Beryl 
Coral, all types 
Diamond 
Garnet 
Gem feldspar 
Geode/nodules 
Opal 
Quartz: 
Macrocrystalline? 
Cryptocrystalline’ 
Sapphire/ruby 
Shell 
Topaz 
Tourmaline 
Turquoise 
Other 
Total 


1,330 
4,950 


11,000 


2012 
1,790 
150 
(2) 

98 
757 
89 
74 


383 
261 
360 
810 

(2) 

99 
1,320 
5,140 
11,300 


! Data аге rounded to no more than three significant digits; may not add to 


totals shown. 
?Less than % unit. 


*Macrocrystalline quartz (crystals recognizable with the naked eye) includes 


amethyst, aventurine, blue quartz, citrine, hawk's eye, pasiolite, prase, 
quartz cat's eye, rock crystal, rose quartz, smoky quartz, and tiger's eye. 


“Cryptocrystalline quartz (microscopically small crystals) includes agate, 


carnelian, chalcedony, chrysoprase, fossilized wood, heliotrope, jasper, 


moss agate, onyx, and sard. 
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ТАВГЕ 4 


Carat Description, Clarity” Representative prices 
“weight сою О — Janay? мє — December 
0.25 G М51 $1,650 $1,650 

Do. G SII 1,250 1,250 

Do H SII 1,200 1,200 
0.50 G VSI 3,600 3,600 

Do. G VS2 3,100 3,100 

Do. G SII 2,500 2,500 

Do. H VSI 3,170 3,170 

Do. H VS2 2,750 2,750 

Do. H SII 2,250 2,250 

1.00 G VSI 8,500 8,000 

Do. G VS2 8,000 7,500 

Do. G УП 6,500 6,200 

Оо. Н У$1 7,700 7,700 

Ро. H VS2 7,200 7,200 

Do. H ЗП 5,900 5,900 
2.00 С VSI 15,500 15,500 

Do. G VS2 13,200 13,200 

Do. G УИ 11,200 11,200 

Ро. H \$1 13,300 13,300 

Do. H VS2 11,700 11,700 

Do. H SII 10,300 10,300 
Do. Ditto. 


| Gemological Institute of America (GIA) color grades: G, H—traces of color. 
*Clarity: VS1—very slightly included; VS2—very 

slightly included, but not visible; SI1—slightly included. 

Source: The Gem Guide, у. 31, no. 1, January/February 2012, p. 20-22. 
^Source: The Gem Guide, v. 31, no. 4, July/August 2012, р. 20-22. 

*Source: The Gem Guide, у. 31, по. 6, November/December 2012, р. 20-22. 


TABLE 5 
PRICES PER CARAT OF U.S. CUT COLORED GEMSTONES IN 2012 


Price range per carat 


Gemstone January’ December 

Amethyst $10-25 $10-25 
Blue sapphire 950—1,900 1,000—1,900 
Blue topaz 5-10 5-10 
Emerald 2,600—4,400 2,600—4,400 
Green tourmaline 50-70 50—70 
Cultured saltwater pearl” 5 5 
Pink tourmaline 65-170 65-170 
Rhodolite garnet 22-45 22-45 
Ruby 2,200-2,600 2,200-2,600 
Tanzanite 


Tanzanite 300-375 300-375 
Source: The Gem Guide, v. 31, no. 1, January/February 2012, p. 50, 53, 57, 61, 63, 
65, and 68-71. These figures are approximate wholesale purchase prices paid by 
o jewelers on a per stone basis for 1 to less than 1 carat, fine-quality stones. 
Source: The Gem Guide, v. 31, no. 6, November/December 2012, p. 50, 

53, 57, 61, 63, 65, and 68-71. These figures are approximate wholesale purchase 
prices paid by retail jewelers on a per stone basis for 1 to less than 1 carat, 
fine-quality stones. 


*Prices are per 4.5—5-millimeter pearl. 
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PRICES PER CARAT OF U.S. CUT ROUND DIAMONDS, BY SIZE AND QUALITY IN 2012 


December” 
$1,650 


1,600 
1,250 
1,600 
1,500 
1,200 
3,600 
3,100 
2,500 
3,170 
2,750 
2,250 
7,810 
6,800 
6,205 
6,885 
6,300 
5,780 
14,870 
12,880 
10,660 
12,710 
10,800 
9,950 
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TABLE 6 
U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF INDUSTRIAL 
DIAMOND), BY COUNTRY’ 
2011 2012 
Quantity Value Quantity Value? 
Country (carats) (millions) (carats) (millions) 
Exports: 
Aruba 3,390 $11 851 $3 
Australia 11,700 25 14,100 21 
Austria 544 1 114 1 
Bahamas, The 852 5 753 3 
Belgium 269,000 370 393,000 210 
Belize 142 |: 140 (3) 
Brazil 7,130 2 31,100 9 
Canada 52,400 96 48,600 114 
Cayman Islands 1,190 6 73] 2 
China 13,900 39 21,500 22 
Costa Rica 7,760 | 4,800 2 
Curacao 6,150 17 13,700 42 
Denmark 190 (3) 271 1 
Dominican Republic 44,300 11 34,500 14 
France 1,200 34 869 32 
Germany 22,500 4 838 3 
Honduras 113 (3) 199 1 
Нопр Копр 2,320,000 522 2,390,000 411 
India 768,000 579 526,000 262 
Ireland 895 5 12,100 77 
Israel 293,000 756 575,000 1,530 
Italy 3,020 15 3,000 2 
Jamaica 440 2 479 2 
Japan 6,830 3 13,800 5 
Lebanon 4,800 5 3,330 3 
Malaysia 255 1' 156 | 
Мех!со 604,000 97 469,000 88 
Netherlands 474 || 233 || 
Netherlands Antilles (former) 5,860 15 = ен 
New Zealand 429 2 668 2 
Panama 609 2 158 (3) 
Qatar -- -- 117 7 
Russia 639 3 ES - 
Singapore 6,050 3 3,600 11 
South Africa 510 4 36,800 22 
Sweden 2,510 7 179 1 
Switzerland 190,000 257 9,320 34 
Taiwan 497 2 430 2 
Thailand 168,000 22 116,000 39 
United Arab Emirates 131,000 66 45,100 55 
United Kingdom 492,000 76 8,680 67 
Vietnam 564 [* 6,990 10 
Other 12,500 5 10,700 19 
Total 5,450,000 3,070 4,790,000 3,130 
Reexports: 
Armenia 11,000 5 1,980 | 
Aruba 2,290 4 2,680 5 
Australia 2,980 18 7,410 23 
Austria 301 3 1,680 3 
Belgium 956,000 2,240 816,000 2,330 
Botswana 7 (3) 886 1 
Сапада 129,000 150 129,000 176 
China 32,900 43 25,100 30 
France 6,560 126 7,740 177 
Germany 2,230 3 1,560 5 
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TABLE 6—Continued 
U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF INDUSTRIAL 
DIAMOND), BY COUNTRY' 
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2011 2012 
Quantity Value? Quantity Value? 
Country (carats) (millions) (carats) (millions) 
Reexports—Continued: 

Guatemala 52,600 4 16,100 1 
Hong Kong 2,830,000 2,470 2,820,000 2,480 
India 3,510,000 2,040 3,320,000 2,340 
Israel 2,000,000 5,140 1,350,000 3,780 
Italy 7,270 3 8,960 15 
Japan 47,200 34 32,100 40 
Laos 4,850 3 9,700 5 
Lebanon 3,040 5 4,450 3 
Malaysia 376 4 368 5 
Mexico 2,900 3 2,780 6 
Namibia 4,450 11 3,660 9 
Netherlands 108,000 365 116,000 288 
Netherlands Antilles (former) 4,360 16 -- -- 
Saint Kitts and Nevis 333 (3) em е 
Singapore 5,080 4l 17,700 90 
South Africa 8,040 76 10,900 41 
Spain 207 1" 89 1 
Switzerland 83,500 604 117,000 957 
Taiwan 18,000 15 1,330 60 
Thailand 178,000 60 215,000 76 
United Arab Emirates 511,000 322 492,000 441 
United Kingdom 31,500 399 32,100 312 
Other 17,300 24 8,560,000 13,701 
Total 10,600,000 15,100 18,100,000 13,800 
Grand total 16,000,000 18,200 — 22,900,000 16,900 


"Revised. -- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


^Customs value. 
Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 7 


U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY! 


2012 


Value? 


Kind, range, and country of origin (millions) 


Rough or uncut, natural: 


Angola 
Belgium 
Botswana 
Brazil 
Canada 
Central African Republic 
Congo (Kinshasa) 
India 
Israel 
Lesotho 
Namibia 
Russia 
Sierra Leone 
South Africa 
Other 

Total 


Cut but unset, not more than 0.5 carat: 


Australia 
Belgium 
Botswana 
Brazil 
Canada 
China 
Dominican Republic 
Hong Kong 
India 
Israel 
Mauritius 
Mexico 
Namibia 
Russia 
South Africa 
Sri Lanka 
Switzerland 
Thailand 
United Arab Emirates 
United Kingdom 
Vietnam 
Other 
Total 
Cut but unset, more than 0.5 carat: 
Armenia 
Australia 
Belgium 
__Botswana 
Brazil 
Canada 
Central African Republic 
China 
Costa Rica 
France 
Germany 
Hong Kong 
India 
Indonesia 
Israel 
See footnotes at end of table. 
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Quantity 


(carats) 


26,700 
2,640 
84,100 
110 
20,100 
394 
6,460 
170,000 
1,030 
932 
3,820 
118,000 
3,180 
199,000 
68,200 
704,000 


4,110 
277,000 
6,890 
4,470 
23,600 
34,300 
3,430 
197,000 
6,990,000 
414,000 
6,220 
76,300 
2,060 
585 
4,910 
2,980 
40,600 
93,000 
112,000 
24,700 
30,400 
11,600 
8,360,000 


3,170 
4,710 
733,000 
11,200 
294 
16,200 

35 
35,000 

5 

1,240 
3,050 
48,500 
1,970,000 
41 
1,970,000 


Value? 
(millions) 


$168 
4 
159 
2 

37 


4 
18 
10 

173 

3 

631 


4 


29 
3 
2,430 


Quantity 


(carats) 


15,900 
2,160 
56,800 
1,880 
30,800 
98 
5,250 
339,000 
7,110 
418 
7,970 
55,400 
978 
248,000 
41,500 
813,000 


8,150 
402,000 
5,420 
2,860 
7,980 
56,900 
6,960 
273,000 
5,860,000 
394,000 
4,700 
114,000 
3,920 
171 
7,710 
947 
72,300 
132,000 
45,000 
46,700 
29,400 
7,470,000 


272 
5,790 
707,000 
9,410 
1,390 
18,000 


64,100 
844 
3,680 
58,400 
1,680,000 
52 
1,830,000 


66 
1,510 
2,190 


| 
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TABLE 7—Continued 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY! 


se a a te SS ER 
2011 2012 
Quantity Value? Quantity Value? 
Кіп, range, and country of origin (carats) _ (millions) (carats) — (millions) 
Cut but unset, more than 0.5 carat— Continued: 
Italy 3,320 11 3,520 11 
Japan 1,380 2 666 8 
Lebanon 1,470 3 173 | 
Lesotho 136 28 = — 
Mauritius 2.720 16 1,910 11 
Мех!со 465 2 1,270 1 
Namibia 16,800 89 14,200 79 
Netherlands 284 5 146 2 
Philippines 145 ] = -- 
Russia 17,100 100 19,200 93 
Singapore 245 | 26,800 15 
South Africa 42,700 900 22,600 625 
Sri Lanka 3,920 4 75 (4) 
Switzerland 18,900 541 8,460 380 
Thailand 11,200 26 12,100 33 
United Arab Emirates 38,400 100 44,300 164 
United Kingdom 3,880 85 4,740 84 
Vietnam 1,920 2 2,230 3 
Other 1,750 7 4,240 22 
Total 4,970,000 19300 4,550,000 17,400 


"Revised. -- Zero. 

!Data are rounded to no more than three significant digits; may not add to totals shown. 
*Customs value. 

?Includes some natural advanced diamond. 

“Less than М unit. 


Source: U.S. Census Bureau. 
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TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY! 


2011 2012 
Quantity Value? Quantity Value? 
Kind and country (carats) (millions) (carats) 

Emerald: 

Belgium 737 $1 2,150 

— Brazil 186,000 9 136,000 
Canada 1,390 (3) " 3,340 
China 34,100 (3) ' 4,660 
Colombia 365,000 161 201,000 
France 152 2 163 
Germany 9,940 3 9,190 
Hong Kong 118,000 11 147,000 
India 1,400,000 57 1,650,000 
Israel 138,000 15 144,000 
Italy 9,050 6 7,190 
Switzerland 71,900 61 8,460 
Thailand 374,000 11 334,000 
United Kingdom 760 1 314 
Other 43,400 10 252,000 

Total 2,760,000 348 2,890,000 
Ruby: 
Belgium 41 (3) 252 
China 730 (3) 2,900 
France 15 ] 238 
Germany 14,000 (3) 37,700 
Hong Kong 137,000 4 64,400 
India 2,020,000 4 2,600,000 
Israel 4,570 (3) 4,580 
Italy 9,910 | 15,200 
Кепуа 1,050 (3) 54 
Sri Lanka 633 (3) 10,100 
Switzerland 55.900 4 1,870 

Thailand | 1,640,000 23 1,420,000 
United Arab Emirates -. -- 974 
Other 45,100 7 110,000 

© Toal 3,920,000 45 4,260,000 

Sapphire: 

_ Belgium | 1,720 2 1,780 
China = 163,000 5 41,100 
France 2,460 2 6,480 
Germany 32,200 11 146,000 

. Hong Kong 237,000 15 333,000 
India | 2,970,000 18 1,990,000 

_ Israel | 13,000 3 9,760 

tay | 93,200 6 15,900 
Мадаразсаг 31,700 3 14,300 
South Africa 3,680 1 14,400 
‘Sri Lanka - 256,000 7] 332,000 

Switzerland | 91,800 26 16,600 
Thailand - 3,050,000 109 2,990,000 
United Kingdom 1,040 3 769 
Other 40,500 1 38,900 

= Total | ~ 6,980,000 282 5940000 __ 269 

See footnotes at end of table. 
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TABLE 8—Continued 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY’ 


EMEN Е UT CE 


2011 2012 


Quantity Value? Quantity Value? 
Kind and country (carats) (millions) (carats) (millions) 
Other: 
Rough, uncut, all countries NA 23 NA 25 
Cut, set and unset, all countries NA 37 NA 33 


' Revised. МА Not available. -- Zero. 

!Data are rounded to no more than three significant digits; may not add to totals shown. 
"Customs value. 

3Less than % unit. 


Source: U.S. Census Bureau. 


TABLE 9 
VALUE OF U.S. IMPORTS OF LABORATORY-CREATED 
AND IMITATION GEMSTONES, BY COUNTRY"? 


(Thousand dollars) 

Country 2011 2012 

Laboratory-created, cut but unset: 
Austria 2,340 2,640 
Belgium 882 1,310 
China 4,770 7,170 
__ Germany 9,970 9,320 
India 11,900 5,380 
Malaysia 3,120 822 
Other 3,710 6,570 
Total 36,700 33,200 

Imitation: 

Austria 48,300 47,600 
China 19,500 11,700 
Czech Republic ______ 5,540 3,890 
Other 2,010 1,680 


1 =. PI: 
Data are rounded to no more than three significant digits; may not 
add to totals shown. 


"Customs value. 
*Includes pearls. 


Source: U.S. Census Bureau. 
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Coral and similar materials, unworked 


Diamonds: 


Cut but unset 


TABLE 10 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES! 


Stones 


Rough or uncut 
Emeralds, cut but unset 


Pearls: 
Cultured 
Imitation 
Natural 


Rubies and sapphires, cut but unset 
Other precious and semiprecious stones: 
Rough, uncut 


Cut, set and unset 


Other 


Laboratory-created: 


Cut but unset 


Other 


Imitation gemstone’ 


Total 


NA Not available. -- Zero. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Customs value. 

Does not include pearls. 


Source: U.S. Census Bureau. 
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(Thousand carats and thousand dollars) 


2011 

Quantity Value? 
5,370 11,800 
13,300 21,700,000 
704 630,000 
2,760 348,000 
NA 27,300 
NA 5,930 
NA 18,600 
10,900 328,000 
1,670,000 15,000 
NA 301,000 
33,600 7,240 
6,230 36,700 
NA 22,800 
NA 69,400 
1,740,000 — 23,500,000 


2012 

Quantity Value? 
6,340 13,400 
12,000 19,600,000 
813 551,000 
2,900 408,000 
NA 31,800 
NA 7,310 
NA 30,200 
10,200 383,000 
2,160,000 15,300 
9,710 153,000 
9,160 33,200 
NA 25,400 
NA 57,500 
2,200,000 21,300,000 
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NATURAL DIAMOND: WORLD PRODUCTION, BY COUNTRY AND TYPE" >? 


Country and type 


Gemstones: 
Angola" 
Australia 
Botswana" 


Brazil, unspecified" : 
Canada, unspecified” : 
Central African Republic” 
China, unspecified^? 
Congo (Brazzaville)” > 
Congo (Kinshasa): 
Ghana, unspecified" У 
Guinea‘ 


Guyana, unspecified” ? 
India" 
Indonesia’ 


_ вое рии 


Lesotho, unspecified" : 


Liberia, unspecified" 


_ Liberia, unspecitied 0 0 00. — 
Namibia, unspecified” ? 


Namibia unspecified” 1 1 1 
Sierra Leone! __(_(_ 0000 
“South Africa? ____________- 
Tanzania" 
Togo, unspecified? 


Venezuela* 
Zimbabwe" 


Паола SS шыч шш ТЕ ТҮШЕ, 


___Тогађ, ет _______________--- 
Industrial: 

Angola 

Australia 

Botswana 

Central African Republic 


" Congo(Kinshasa) —— 0 1 
Guinea 
Ша с мул ава E 
"Rusia 
"Sierra Leones ___________----- 
О South Ава _ __ _ _ _ — 
Tanzania 
"Venezuela 
Zimbabwe 
Grand total” 
"Estimated. ‘Revised. -- Zero. 


lEstimated data and subtotals are rounded to no more than three significant digits; 


Source: Kimberley Process Certification Scheme. 
2Subcategory estimates are based on reported country totals, 


?In addition to the countries listed, Belarus, Germany, Ireland, Nigeria, 


TABLE 11 


(Thousand carats) 

2008 2009 
8,020 ' 8,310 ' 
149 ' 156° 
22,600 * 12,400 ' 

80 " 21 

14,803 10,946 

302 249 
69" 46° 
22* 14° 

33,402 21,298 
643 ' 376 ' 

2,480 ' 557 
193 ' 97 : 

= 2 

24 9 
253" 92° 

47 28 

2,435 1,192 
21,900 ' 20,600 ' 

223 241 
5,160 € 2,460 ' 

202 155 

9 (6) 
4' 3' 
125" 876" 
114,000 ' 80,200 ' 
891 € 924' 
14,800 * 15,400 ' 
9,680 ' 5,320 ' 

75 ' 62 
88 ' 54° 

620° 139 

-- 7 

6 2 
15,000 14,100 ' 

149 160 
7,740 ' 3,680 ' 

36 27 

6 5 
73 ' 88 ' 
49,100 ' 40,000 ' 
163,000 ' 120,000 ' 


information is inadequate to formulate reliable estimates of output levels. 


^Includes near-gem and cheap-gem qualities. 


Reported figure. 
61 ess than У unit. 
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2010 


7,530 ' 
100 
15,400 ' 
25 
11,804! 
241" 
17° 
76 ' 
20,166 
334 ' 
299 € 
46 ' 
5 
109 " 
27 
1,693 
20,700 ' 
263 ' 
3,550 т 
60 ' 
(6) 
1" 
7,670 ' 
90,100 ' 


836" 
9,880 ' 
6,610 € 

60" 
305 ' 

75 ' 

13 


14,200 " 
175 ' 
5,320 ' 
11' 

] 
768 ' 
38,200 * 
128,000 ' 


in carats, Includes data available through June 19, 2014. 
the Republic of Korea, and Sweden produced natural diamond, but 


2011 


7,500 ' 
78 ' 
16,000 ' 
46" 

10,795 
259" 
(6) ' 
15' 

19,249 
302° 
243 ' 
51' 

3 
224 € 

42 
1,256 ' 
20,900 ' 
214' 
2,820 * 
35' 

(6) 


T 


7,730 * 
87,800 ' 


833" 
7,750 " 
6,870" 

65 ' 

61" 

61" 
9 


14,300 * 
143 * 
4,230 ' 
6 T 


т 


774 ' 
35,100" 
123,000 * 


2012 


7,500 
92 
14,400 
46 
10,451 
293 

2 

10 
21,524 
233 


42 
1,629 
20,700 
406 
2,830 
108 


11,000 
92,000 


1,100 
36,000 
128,000 


may not add to unrounded, reported grand totals shown. 
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TABLE 11—Continued 
NATURAL DIAMOND: WORLD PRODUCTION, BY COUNTRY AND ТҮРЕ! ?? 


(Thousand carats) 


Se ы —— ын a aa RR RR али Е LM ЕЕРЕЕ 
"From 2008 to 2011, production was estimated to be about 60% gem quality. In 2012, production is estimated to be about 75% gem quality. 


3From 2008 to 2011, production was estimated to be about 40% industrial quality. In 2012, production is estimated to be about 25% industrial 
quality. 

Grand totals are reported and not rounded to three significant digits. Source: Kimberley Process Certification Scheme and United States 
Geological Survey. 
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GERMANIUM 
By David E. Guberman 


The table was prepared by Jesse J. Inestroza, statistical assistant. 


In 2012, germanium-bearing concentrates produced at a zinc 
mine in Alaska owned by Teck Resources Ltd. (Vancouver, 
British Columbia, Canada) were exported to Teck's facilities in 
Canada for processing or to processors in Asia and Europe. Ап 
intermediate germanium concentrate was produced from zinc 
concentrates at a mine complex and smelter in Tennessee. Two 
refineries in New York and Oklahoma produced germanium 
dioxide, germanium metal, and germanium tetrachloride from 
manufacturers' scrap, post-consumer scrap, and imported 
germanium compounds. The U.S. Geological Survey (USGS) 
estimated that U.S. refinery production of germanium metal 
from imported primary material and germanium compounds 
was about 9,300 kilograms (kg) in 2012. The world's total 
production of germanium in metal and compounds was 
estimated to be between 100 and 120 metric tons (t), including 
germanium recovered from zinc concentrates, coal fly ash, and 
recycled material. Despite an increase in zinc production, the 
principal source of primary germanium, global germanium 
metal production estimates remained unchanged from those of 
2010 and 2011. The amount of germanium recovered from scrap 
remained about the same as that in 2011 and accounted for about 
30% of the world's total production of germanium. 

Germanium is a hard, brittle semimetal that first was used 
about 60 years ago as a semiconductor material in radar units and 
as the material for the first transistors. Today, its principal uses 
include polymerization catalysts for polyethylene terephthalate 
(PET), a commercially important plastic; a component of glass 
in telecommunications fiber optic cable; lenses or windows in 
infrared night-vision devices; and semiconductors and substrates 
in electronic circuitry and solar cells. 


Legislation and Government Programs 


As a strategic and critical material, germanium was added to 
the National Defense Stockpile (NDS) in 1984. The Defense 
Logistics Agency (DLA) Strategic Materials reported that no 
germanium metal was sold in 2012. Germanium was last sold 
In February 2009 at an average price of $1,331 per kilogram. As 
of December 31, 2012, the total inventory of germanium metal 
held by the DLA was 16,362 kg valued at $20.7 million. The 
Annual Materials Plan for fiscal year 2013 (October 1, 2012, 
through September 30, 2013) did not allocate germanium metal 
for sale (U.S. Department of Defense, 2013, p. 7). 

| In 2012, the DLA began moving away from holding a static 
list of materials and working under the *buy and hold" approach 
of the past, toward what it characterized as a more flexible and 
dynamic materials risk management model. The DLA intended 
to place a greater emphasis on the form in which materials were 
maintained within the NDS to best meet current and anticipated 
future applications. To this end, the DLA awarded multiple 
contracts to upgrade on-hand materials, including a contract to 
convert 3,000 kg of the germanium ingots to epitaxial wafers 
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for use as substrates required by National Security Space 
Strategy photovoltaic solar cell applications (U.S. Department 
of Defense, 2013, p. 2—5). 


Production 


In 2012, germanium intermediates were domestically 
recovered from zinc concentrates at a smelter in Tennessee. 
Secondary germanium metal was recovered by secondary 
processors from end-of-life products, such as decommissioned 
military vehicles and thermal weapons sights. 

The germanium production process yields various germanium 
compounds and metal for use in specific applications. 
Germanium is initially recovered from the leaching of zinc 
residues from zinc refining or coal ash followed by precipitation 
of a germanium concentrate. All germanium concentrates are 
purified using similar techniques, regardless of the source of 
the concentrates. The concentrated germanium is chlorinated 
and distilled to form the first usable product, germanium 
tetrachloride, a colorless liquid that is primarily used as a 
reagent in fiber-optic cable production. Germanium tetrachloride 
can be hydrolyzed and dried to produce germanium dioxide, 
another commonly used compound. Germanium dioxide is 
a white powder and is used to manufacture certain types of 
optical lenses and as a catalyst in the production of PET resin. 
Germanium dioxide can be reduced with hydrogen to produce 
a germanium metal powder, which is subsequently melted 
and cast into first-reduction bars. The germanium bars are 
then zone-refined (a refining process that involves melting 
and cooling germanium bars to isolate and remove impurities 
and ultimately yield extremely pure germanium) to produce 
electronic-grade germanium metal. Zone-refined germanium 
metal can then be grown into crystals and sliced for use as 
semiconductors or recast into forms suitable for lenses or 
window blanks in infrared optical devices. 

For the first time since 2003, germanium was recovered 
domestically from zinc concentrates. In the third quarter 2012 
Nyrstar NV (Balen, Belgium) began to produce germanium | 
leach, also called residue (an intermediate germanium product) 
at its Clarksville, TN, zinc smelter. The germanium-bearing | 
zinc concentrates processed at Clarksville were from Nyrstar's 
Middle Tennessee Zinc mine complex (the Cumberland 
Elmwood, and Gordonsville Mines) where mining restarted in 
2010 after being idle for about 7 years. The company did not 
disclose how much germanium leach was produced in 2012 nor 
its production capacity. Prior to closing in 2003, the Clarksville 
smelter reportedly had the capacity to produce 20 metric tons 
per year (t/yr) of germanium-rich residues (J orgenson, 2004 
p. 32.1). The germanium leach produced at Clarksville was on 
likely exported for further refining. The recovery of germanium 
at the Clarksville smelter reduced the throughput rate of the 
roaster, and resulted in lower zinc metal production. In 2012, 
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Nyrstar worked to improve operating practices at the mines 

and the smelter so that germanium could be recovered without 
reducing zinc production at Clarksville. Improvements included 
regrinding of concentrates from the Gordonsville Mine to 
increase the throughput rate at the smelter (Nyrstar, NV, 2013, 
p. 16-17). 

Teck Alaska Inc. (a wholly owned subsidiary of Teck 
Resources) produced germanium-containing zinc concentrates at 
its Red Dog zinc-lead open pit mine in Alaska. Approximately 
30% of the zinc concentrate produced at Red Dog was sent 
to Teck's metallurgical complex in Trail, British Columbia, 
Canada. Residues from zinc concentrates were treated in 
roasters or pressure-leach facilities and purified to produce 
germanium dioxide, germanium tetrachloride, and other 
byproduct metals. Teck reported that zinc concentrate 
production at Red Dog in 2012 was 529,100 t, 8% less than that 
of 2011 owing to a decrease in mill throughput and ore grades 
(Teck Resources Ltd., 2013, p. 46). 

In 2012, Umicore Optical Materials USA Inc. [a subsidiary 
of Umicore s.a. (Brussels, Belgium)] continued production of 
germanium metal and compounds at its plant in Quapaw, OK, 
and remained the leading domestic producer of germanium 
and germanium-base materials. Umicore recovered and refined 
germanium from industry-generated new scrap and from imported 
germanium compounds. The Quapaw facility refined the material 
into germanium tetrachloride, germanium metal, and proprietary 
[chalcogenide glass (GASIR®)] lenses, which were designed for 
large-scale commercial and military infrared optical systems. In 
2011, Umicore began to consolidate all of its germanium-base 
optics production at its Quapaw facility because it was closer to 
the main customer base of these products. Umicore anticipated 
that optics production at its Olen, Belgium, facility would be 
phased out by yearend 2013. In late 2012, however, Umicore 
reduced germanium substrate production and the workforce at 
its Quapaw facility owing to declining market conditions for 
substrates (Umicore s.a., 2013, p. 49). 

Several companies refined or processed imported germanium 
material. Germanium Corp. of America [a subsidiary of 
Indium Corp. of America (Clinton, NY)] produced germanium 
products, including germanium dioxide, germanium metal, and 
germanium tetrachloride at its facility in Utica, NY. In 2012, 
Indium Corp. announced plans to open a new minor metals 
manufacturing plant in Rome, NY. The new plant was to have 
the capability to produce a range of germanium-base materials 

11, 2012). " 
e bee LLC (St. George, UT), [a subsidiary of 
SN Plus Inc. (Montreal, Quebec, Canada)] produced germanium 
substrates for optical, semiconductor, and solar applications 
from germanium dioxide feedstock primarily imported from 
Canada. In late 2012, Sylarus was awarded a $1.32 million 
contract from the DLA to upgrade a portion of the germanium 
metal held in the NDS to substrates. The DLA intended to 
have the substrates available for future use in multijunction 

hotovoltaic solar cells for National Security Space Strategy 
Applications (Sylarus Technologies, LLC, 2012). 

Voltaix, LLC (Branchburg, NJ) produced germane gas. 

i ermanium compounds with hydride 
(produced byre dopi t for electronic 
reagents and typically used as a doping agen 
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components) from imported germanium dioxide for use in 
semiconductors and solar cells. In 2012, Voltaix opened a new 
germane plant in the Republic of Korea. (More information 
can be found under the World Review section.) Exotic 
Electro-Optics, Inc. (Murrieta, CA), E.R. Precision Optical 
Corp. (Orlando, FL), and Lattice Materials, LLC (Bozeman, 


MT) produced germanium blanks and lenses for use in infrared 
optics. 


Consumption 


The USGS estimated that domestic apparent consumption 
of germanium was about 36,000 kg in 2012, essentially 
unchanged from that in 2011. Since many of the uses for 
germanium are in defense-related applications, reductions in 
Government spending during 2011 and 2012 resulted in reduced 
germanium consumption. Reports from producers indicated 
that consumption of germanium blanks for infrared devices 
and germanium substrates for solar cells declined in 2012 
compared with that of 2011. Conversely, germanium substrates 
consumption for light-emitting diodes (LED) increased during 
that time period. 

Worldwide, the end-use pattern of germanium was estimated 
to be as follows: infrared optics, 3096; fiber optics, 2076; 
catalysts for PET, 2096; electronics and solar applications, 
15%; and other uses (such as phosphors, metallurgy, and 
chemotherapy), 1596. The domestic end-use pattern, however, 
was different, with infrared optics accounting for 5076; fiber 
optics, 3096; electronics and solar applications, 15%; and other 
uses, 5%. Germanium was not used in PET catalysts in the 
United States. 

Infrared Systems.—Germanium was used in the manufacture 
of lenses and windows for infrared optical systems owing 
to its transparency to part of the infrared spectrum and to its 
high refractive index. (More information can be found in the 
germanium chapter of the 2011 Minerals Yearbook.) A leading 
domestic producer of infrared detection and surveillance devices 
for Government use reported a 13% decline in sales revenue for 
those products owing to a reduction in procurement activity by 
governments in the United States and the Middle East in 2012 
compared with that in 2011 (FLIR Systems, Inc., 2013a, p. 29; 
2013b, p. 7). | 

As the cost of infrared imaging technology has declined, 
demand has increased in markets such as airborne law = 
enforcement, automotive night-vision, commercial security, 
firefighting, and recreational marine applications. F LIR Systems, 
Inc., a leading domestic thermal imaging device manufacturer, 
reported that its global revenue from commercial vision systems 
declined in 2012 compared with 2011 owing to a decline їп 
average unit prices but the volume of units shipped л 
Тһе сотрапу геропед а 27% compound annual growth is | 
global shipments of commercial units from 2007 through 2 
(FLIR Systems, Inc., 2013a, p. 32; 2013b, p. 7, 13). 

Fiber Optics.—In the fiber-optics sector, germanium 
tetrachloride is converted to germanium dioxide and used 
as a dopant (a substance added in small amounts) within the : 
pure silica glass core of optical fibers to increase its же И 
index, preventing signal loss while not absorbing light. T Й 
Fiber-to-the-Home Council (FTTH) estimated that the number 
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of North American households connected directly into optical 
fiber networks increased by 1396 from March 2011 to March 
2012 to about 22.6 million homes. Corning Inc. indicated that 
global net sales for its telecommunications segment (inclusive 
of fiber-optic products for fiber-to-the-home and enterprise 
networking applications) in 2012 were greater than those in 

2011 owing to increased consumption of optical fiber and cable 
in Australia and China. Three Japanese producers, Fujikura Ltd.; 
Furukawa Electric Co., Ltd.; Sumitomo Electric Industries, Ltd.; 
and Corning from the United States, accounted for about 90% 
of global production of germanium-doped silica glass used in 
optical fiber cable (Fiber-to-the-Home Council, 2012; Roskill's 
Letter from Japan, 2012; Corning Inc., 2013, p. 25). 

Solar Cells.—Germanium-based solar cells were used in 
space-based applications and terrestrial installations. Demand 
for satellites increased steadily from 2007 through 2011 owing 
to demand for commercial, military, and scientific applications. 
It was estimated that about 400,000 germanium substrates 
were consumed each year for space-based applications, and the 
majority of all satellites were powered by germanium-based 
solar cells. Spectrolab Inc. (a subsidiary of The Boeing Co.) in 
Sylmar, CA, began adapting space-based solar technology for 
terrestrial applications in 2001 and has been able to convert 
concentrated sunlight to electricity at efficiencies as great as 
41.676. Spectrolab manufactured about 7 million terrestrial 
solar cells in 2011 that contained germanium substrates. In 
2012, Spectrolab was nearing completion of an upgrade to its 
manufacturing facility that was expected to reduce production 
costs and substantially increase production capacity for 
terrestrial based solar cells (Boeing Co., The, 2012, p. 11). 

Electronic Components.—Germanium substrate consumption 
for production of high-brightness LEDs used in such devices 
as automobile taillights, cameras, flashlights, mobile telephone 
display screens, televisions, and traffic signals increased in 2012 
compared with that in 2011. Germanium subtrates compare 
favorably to the leading alternative, gallium arsenide, owing 
to increased strength, less breakage in production, lower cost, 
and fewer disposal issues. This continued to be an emerging 
segment of consumption for germanium substrates. Global sales 
of high-brightness LEDs were estimated to be about $15 billion 
in T compared with $5 billion in 2009 (Mikolajczak, 2013, 
p. 19). 

Polymerization Catalysts.—Estimates indicated that 
consumption of germanium for PET outside the United 
States has been declining since 2007, with the exception of 
an increase in 2011 owing to increased demand for beverage 
bottles In Japan following the Tohoku earthquake. The decline 
in consumption for this use continued in 2012. It was estimated 
ван =. industry consumed about 10,000 kg of germanium 
2 E 012 compared with nearly 50,000 kg in 2008. Some 
Pus е producers were substituting antimony trioxide and 

l'anium-based products for germanium dioxide owing to lower 
costs (Metal-Pages, 2011; Roskill's Letter from Japan, 2012). 


Prices 


eum dioxide prices began the year at about $1,250 
| ed to about $900 in the late spring, ending the year 
›360 per kilogram. Germanium dioxide and metal prices 
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increased sharply during the third quarter, and remained at 

the higher level during the fourth quarter of 2012. When 
consumption of germanium appeared to slow early in the year, 
many producers, particularly in China, reduced production or 
withheld material from the market, which contributed to higher 
prices during the fourth quarter of 2012. An announcement 

that China intended to buy germanium for a national stockpile 
contributed to price increases, as did curtailed production at 
three germanium producers in China owing to the Government’s 
environmental policies. 


Foreign Trade 


According to the U.S. Census Bureau, imports for 
consumption of germanium metal (wrought, unwrought, and 
powder) increased by 33% to 37,500 kg in 2012 from 28,300 kg 
in 2011. Increased imports from Belgium, Canada, and China 
outweighed declines from Russia and Taiwan. In 2012, China, 
Belgium, Russia, and Canada, in descending order of quantity, 
accounted for 96% of germanium metal imported into the 
United States (table 1). The estimated germanium content of 
the germanium dioxide imported in 2012 was about 11,000 kg 
compared with 10,000 kg in 2011. Canada accounted for about 
one-half of germanium dioxide imports in 2012. 

Domestic exports of germanium metal and articles thereof, 
including waste and scrap, were estimated to be about 15,300 kg 
in 2012, based on trade data from the U.S. Census Bureau; 
adjusted by the USGS to exclude scrap. Belgium, Canada, and 
Russia accounted for the majority of germanium exported from 
the United States in 2011. The estimated germanium content of 
germanium dioxide exported from the United States in 2012 was 
less than 100 kg. 


World Review 


In 2012, the world’s total production of germanium was 
estimated to be between 100 and 120 t. This comprised 
germanium recovered from zinc concentrates, coal fly ash, 
and recycled material. The recycling level remained about the 
same as that in 2011 and supplied about 3096 of the world's 
total production of germanium. Owing to the value of refined 
germanium, new scrap generated during the manufacture 
of fiber-optic cables, infrared optics, and substrates is 
typically reclaimed and fed back into the production process. 
Recycling of germanium from used materials, such as fiber- 
optic window blanks in decommissioned military vehicles 
or fiber-optic cables, has increased during the past decade. 
Worldwide, primary germanium was recovered from zinc 
residues in Belgium and Canada (concentrates shipped from the 
United States), coal ash and zinc residues in China (multiple 
sources), zinc residues in Finland [concentrates from Congo 
(Kinshasa)], and coal ash in Russia. The vast majority of 
germanium production was concentrated in Canada and China 

As a byproduct metal, the supply of germanium was heavily 
reliant on zinc production, which increased on a global basis in 
2012 primarily owing to increased production in China. While 
clearly an important factor, an increase in zinc mine production 
may not be an indicator of a corresponding change in the supply 
of germanium. It has been estimated that less than 5% of the 
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germanium contained in zinc concentrates reaches refineries 
that are capable of extracting and producing germanium 
(Mikolajczak, 2013, p. 9). 

Belgium.—Umicore produced germanium metal, germanium 
tetrachloride for fiber optics, germanium substrates, and 
germanium optical products at its refining and recycling plant 
in Olen. The company reported that its sales of germanium 
substrates decreased in 2012 from those of 2011 owing to a 
decline in consumption for use in solar cells. Sales of substrates 
used in LEDs increased in 2012 compared with those in 2011. 
Consumption of germanium blanks for optics applications 
decreased substantially as a result of a reduction in government- 
sponsored programs (Umicore s.a., 2013, p. 49). 

Canada,—The metallurgical complex operated by Teck in 
Trail consisted of six major metallurgical plants, one fertilizer 
plant, and two specialty metal plants that produced byproduct 
metals, including germanium. Historically, Teck has been one 
of the leading germanium producers in the world. Teck did 
not disclose germanium production information to the public. 
The last year for which the company released production data 
was 2007, when Teck produced about 40,000 kg of germanium 
dioxide at Trail. Based on trade data published by the Canadian 
Government, Canada exported about 36,300 kg of germanium 
contained in germanium dioxide in 2012 compared with 
about 25,200 kg in 2011. The leading destinations of exported 
germanium dioxide were Japan, 6096; the Republic of Korea, 
14%; the United States, 14%; and Germany, 5% (Statistics 
Canada, 2013). 

China. —China continued to be the leading global producer 
of germanium metal and germanium compounds, producing 
germanium-bearing coal ash and zinc ore. In 2012, five or six 
producers accounted for the majority of the estimated 80 to 
100 t of germanium metal and germanium compounds produced 
in China. The Chinese Government attempted to limit exports 
of raw materials and encourage the export of more processed 
products, such as germanium ingots and optical lenses, through 
export tax rebates on those products. In 2011 and 2012, the 
Government imposed a 5% export tax on germanium dioxide. 

In June, Yunnan Germanium Corp., а leading global 
germanium dioxide producer, and the Hanergy Holding Group, 
3 solar cell producer, agreed to a supply contract. The contract 
terms called for Yunnan Germanium to supply the Hanergy 
Group with 375 t of germanium dioxide from July 2012 to 
yearend 2018 for the production of germane for use in solar | 
cells. The sales quantity was thought to account for the majority 
of Yunnan Germanium's production, limiting germanium 
availability for other consumers and possibly contributing to 
third quarter price increases. By October, however, owing to a 
downturn in the solar cell market, the terms were renegotiated 
and called for the Hanergy Group to purchase 20 t of germanium 
in 2012 and then to buy germanium on-demand during the 
remaining years of the contract (Metal Bulletin, 2012; Yang, 
P China's State Reserve Bureau (SRB) planned to 

-um from domestic producers for the national 
purchase germ?” т ire 20 t of germanium for 
stockpile. The SRB wanted to acquire 5 ‘al 

kpile and four companies were approved to sell materia 
the d The SRB postponed its stockpile tender owing to a 
s germanium supply from the approved producers. Two 
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of the producers closed temporarily to install environmental | 
protection equipment and another offered to sell germanium at a 
price that was too high for the SRB (Yang, 2012a, b). 

Japan.—Japanese consumption of germanium was met 
entirely by imports. In 2012, Japan imported 28,500 kg of 
germanium dioxide, a 14% increase from that in 2011 but 
substantially less than peak imports of 48,100 kg in 2007. The 
increase in 2012 was primarily attributed to greater consumption | 
of germanium tetrachloride for use in the production of optical 
fiber. In 2012, Japanese producers manufactured 45 million 
kilometers of optical fiber for cable, a 2896 increase from that in 
2011 (Roskill’s Letter from Japan, 2010; 2012; 2013a, b; Yang, 
2012c). 

Korea, Republic of.—\n mid-2012, Voltaix announced that it 
had started germane production at the newly established Voltaix 
Korea, Ltd. manufacturing site in South Chungcheong Province. 

The plant was expected to have the capacity to produce 30 Џуг 
of germane using technology developed at the Voltaix germane 
operation in Branchburg (Voltaix, LLC, 2012). 

Russia.—During the past few years, it was thought that 
germanium production and exports had increased in Russia. 
Germanium and Applications Ltd. (Moscow) recently began 
recovering germanium from fly ash from coal mined at the 
massive Pavlovskoye coal deposit in the Russian Far East. The 
company reported that coal production from the open pit mine 
could yield as much as 21 t/yr of germanium, and its facilities 
in Novomoskovsk and Moscow had the capability to produce 
germanium oxide and metal, germanium blanks for optical use, 
and substrates for electronics (Germanium and Applications 
Ltd., 2013). 


Outlook 


Global germanium consumption is likely to increase, possibly 
slightly, during the next several years owing to the growth that 15 
expected in the major end-use sectors. Germanium-based optical 
blanks and windows that are incorporated in infrared devices 
were expected to continue to be heavily used by military and 
law enforcement agencies. Increased substitution of specialty 
glass for pure germanium in infrared applications will continue 
to be attractive to some consumers owing to the high price of 
germanium. New applications for these products in commercial 
and industrial markets were also expected to become more 
prevalent and represented significant potential consumption 
growth. In China, germanium producers were expected to x 
continue to expand to downstream products and were expecte 
to manufacture finished infrared products for export. — 

Global demand for fiber-optic cable, led by the emerging 
Asian economies and Brazil, was forecast to increase at a 
compound annual growth rate of 5% to 7% through 2015. 
Global support for the increased use of solar energy during 
the next several years is expected to increase demand for 
germanium substrates that are used to manufacture ae 
efficiency multijunction solar cells. Satellites launche ud 
defense and private industry were expected to continue pons 
consumption of germanium substrates in solar cells. As i e 
conversion efficiencies continue to improve, terrestrial- а5 " 
solar cell markets could significantly boost annual Es 
substrate consumption. Germanium substrate use in high- 
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brightness LEDs was expected to continue to increase 
substantially through 2014. As an alternative to gallium arsenide 
in LEDs, germanium substrates are less expensive, stronger, and 
do not contain toxic substances (Mikolajczak, 2013). 

On the supply side, the Middle Tennessee Zinc mine complex 
is expected to ramp up production during the next few years. 
Several germanium recovery projects in China that recently 
began production or were in late stages of development could 
bring more germanium to the market if the near-term demand 
continues to increase. The availability of recycled germanium 
recovered from end-of-life products, such as fiber optics, 
military vehicles, and solar cells, was expected to increase 
during the next two decades as aging products are taken out of 
service. Overall, the germanium market is expected to remain 
tight during the next several years owing to expanding demand 
in emerging uses and to limited sources of additional supply. 
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ТАВГЕ 1 


U.S. IMPORTS FOR CONSUMPTION OF GERMANIUM METAL, BY COUNTRY"? 


2011 2012 
Gross weight Gross weight 

Country (kilograms) Value (kilograms) Value _ 

Belgium 5,300 $7,900,000 6,490 — $9,160,000 

Canada 215 235,000 2,360 1,030,000 

China 17,400 — 24,600,000 23,700 | 30,700,000 

Germany  — 776 1,120,000 530 841,000 

Hong Kong -- -- 582 596,000 

Russia 4,040 5,140,000 3,490 4,220,000 

Taiwan 500 301,000 — -- 

United Kingdom -- -- 331 368,000 

Other и 83 30,400 4 14,000 

Total — 28,300 | 39,400,000 37,500 — 46,900,000 
-- Zero. 


! Data are rounded to no more than three significant digits; may not add to totals shown. 
?Data include wrought, unwrought, and powder, but exclude germanium dioxide. 


Source: U.S. Census Bureau. 
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GOLD 
By Micheal W. George 


Domestic survey data and tables were prepared by Wanda G. Wooten, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


In 2012, domestic mine production of gold increased to 
235,000 kilograms (kg), slightly more than that in 2011 
(tables 1—2). Although production increased for the third 
consecutive year, it was 36% less than the record-high 
production in 1998. In 2012, the value of domestic production 
increased to a record high of $12.6 billion, 7% more than that 
in 2011, mainly owing to a 6% increase in the average price of 
gold. It was the 11th consecutive year that the value of domestic 
gold production increased. Mines in Nevada and Alaska, the 
two leading producing States, accounted for about 75% and 
12%, respectively, of domestic gold production in 2012. The 
remaining production came from mines in Utah, Colorado, 
California, Washington, South Dakota, Montana, Arizona, and 
New Mexico, in descending order of production. About 596 
of domestic gold was produced as a byproduct of processing 
base metals, primarily copper, and platinum-group metals. The 
31 leading operations yielded 99% of domestic gold produced 
(table 3). 

In 2012, the global exploration budget for gold, the leading 
exploration target, increased by 1796 from that in 2011 to 
$9.7 billion and accounted for about 4796 of the budgeted 
nonferrous and nonfuel mineral exploration expenditures 
of $20.5 billion. Exploration in Australia, Canada, and the 
United States accounted for 3696 of the budgeted global 
gold exploration expenditure (Lowrey, 2012; Wilburn, 2013, 

p. 23, 32, 39). 

Commercial-grade refined gold was produced by about 
two dozen domestic companies. Of several thousand 
companies and artisans, a few dozen companies dominated 
the fabrication of gold into commercial products. Jewelry 
manufacturing in the United States was heavily concentrated 
in the New York, NY, and Providence, RI, areas, with other 
manufacturers in California, Florida, and Texas. In 2012, the 
estimated percentages of gold used for commercial products 
(noninvestment) were jewelry and arts, 75%; dental and 
medical, 14%; electrical and electronics, 6%; and other, 5%. 

In 2012, the five leading global gold producers (in descending 
order) were Barrick Gold Corp. (Toronto, Ontario, Canada), 
Newmont Mining Corp. (Denver, CO), AngloGold Ashanti Ltd. 
(Johannesburg, South Africa), Gold Fields Ltd. (Johannesburg), 
and Kinross Gold Corp. (Toronto); these producers accounted 
for more than 25% of world gold production (Meader and 
others, 2013, p. 5 1). 

Ns world mine production of gold in 2012 was 22 metric 

| (t) greater than production in 2011. China, where estimated 
mine production increased by 41 t, remained the leading 
| producer. South Africa, where production decreased for 
the 12th consecutive year, dropped to the sixth leading gold 
producer. In 2005, South Africa had been the leading gold 
Producing country. In 2012, the five leading producers among 
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more than 100 gold-mining countries were, in descending order, 
China, Australia, the United States, Russia, and Peru (table 8). 

Through 2012, historical mine production has totaled an 
estimated 174,000 t of gold. Because nearly 100% of gold has 
been recycled and is resistant to corrosion and oxidation, much 
of the gold that has been produced is still available. As of the 
end of 2012, 30,100 t was held by central banks as official 
stocks, 34,700 t was held privately as investment, 84,600 t 
was held privately as jewelry, 21,200 t was in other fabricated 
products, and the remaining 3,600 t was unaccounted (Meader 
and others, 2013, p. 59). 


Legislation and Government Programs 


Gold mining has been identified as a potential source of 
funding for armed groups engaged in civil unrest in Congo 
(Kinshasa) (DRC) and surrounding countries. The United States, 
through the enactment of Section 1502 of the Dodd-Frank 
Wall Street Reform and Consumer Protection Act (Dodd-Frank 
Act) on July 21, 2010, made it a statutory obligation for all 
companies registered with the U.S. Securities and Exchange 
Commission (SEC) to perform due diligence to determine 
whether the products they manufacture, or the components of 
the products they manufacture, contain tantalum, tin, tungsten, 
or gold (3TG) minerals and if so, to determine whether these 
minerals were sourced from the DRC and (or) its bordering 
countries. Accordingly, companies must file a specialized 
disclosure form (SD Form) with the SEC including their 
findings as to whether 3TG minerals used in their products 
and components are sourced from the DRC. Companies that 
determine that their products or components include 3TGs from 
the DRC are required to trace those minerals back through the 
supply chain to the mine of origin (U.S. Government Printing 
Office, 2010, p. 2213-2220). The first deadline for companies 
required to file an SD Form with the SEC was May 31, 2014. 

While the United States was the only country to enact conflict 
legislation, other groups and international organizations issued 
guidance such as the World Gold Council’s Conflict-Free 
Standard published on October 18, 2012. Additionally, the 
Electronic Industries Citizenship Coalition (EICC-GeSI]), the 
London Bullion Market Association (LBMA), the Organisation 
for Economic Co-operation and Development (OECD), the 
Public Private Alliance on Responsible Mineral Trade, the 
Responsible Jewellery Council, and the United Nations have 
similar programs in the development stage to assist companies 
to avoid contributing to regional conflicts (Heymann, 2013), 


Production 


Domestic hard-rock mine production data for gold were 
compiled by the U.S. Geological Survey from two separate 


voluntary surveys of U.S. mining operations—one for monthly 
and the other for annual production of copper, gold, lead, silver, 
and zinc from lode mines. Alaska's placer gold production data, 
provided by the Alaska Division of Geology & Geophysical 
Surveys, were included in the domestic production figures. 
Individual company production and performance data listed in 
table 3 and cited elsewhere in this report were obtained from 
published sources, such as company annual reports. 

Alaska.—In 2012, Alaska produced 27,700 kg of gold, 
from both lode and placer production, valued at $1.49 billion, 
which was 7% more by weight and 14% more by value than 
that produced in 2011. Gold was produced at one open pit gold 
mine, two underground gold mines, one underground zinc-silver 
mine, one underground development project, and various placer 
operations. Kinross's open pit Fort Knox Mine near Fairbanks 
was the State's leading gold producer with 11,200 kg of gold in 
2012, 24% more than that in 2011. The increase resulted from 
a shift to higher grade mined ore from processing lower grade 
stockpiled ore (Kinross Gold Corp., 2013, p. MDA20). 

The underground Pogo Mine, 145 kilometers (km) southeast 
of Fairbanks, a joint venture between Sumitomo Metal Mining 
Co., Ltd. (Tokyo, Japan) (8596) and Sumitomo Co. (Tokyo) 
(1596), produced about 9,820 kg of gold during 2012, a 
3% decrease compared with output in 2011 (Athey and others, 
2013, p. 45). Coeur d'Alene Mines Corp.’s (Coeur d’Alene, 

ID) underground Kensington Mine produced 2,550 kg of 

gold. Production declined only 776 from that in 2011 despite a 
50% reduction in throughput from December 2011 to May 2012 
to allow for construction of several infrastructure projects 
(Coeur 4’ Alene Mines Corp., 2013, p. 25-26). 

Other hard-rock gold production was as a byproduct from the 
Hecla Mining Co.’s (Coeur d'Alene) underground zinc-silver 
Greens Creek Mine on Admiralty Island near Juneau and the 
Fire River Gold Corp.'s (Vancouver) Nixon Fork Mine, 56 km 
northeast of McGrath, which produced 274 kg of gold during 
its 2011—12 startup phase. Full production was expected by 
mid-2013 (Fire River Gold Corp., 2013, p. 4). | 

According to the Alaska Division of Geology and Geophysics 
Surveys, 3,110 kg of gold was produced at 312 placer operations 
in 2012, including recreational operations, about 27% more 
than that produced in 2011. Six of the operations produced more 
than 78 kilograms per year (kg/yr) of gold and were considered 
large, and 283 small operations produced less than 20 kg/yr 
(Athey and others, 2013, p. 40). | | 

Expenditures in Alaska for nonfuel mineral exploration | 
decreased to $335 million in 2012, down from $365 million in 
2011. The decline was attributed to lower commodity prices, 
global economic uncertainties, and increased competition 
for venture capital for mineral exploration. In 2012, there 
were 31 projects that spent more than $1 million, and an 
additional 33 projects spent between $100,000 and $1 million 
on exploration. Porphyry copper-gold deposits accounted 
for 36.7% of the exploration expenditures, granite/intrusion- 

lated gold deposits accounted for 33.5%, and other various 
о па its accounted for 7.6%. Three advanced 
Bo que pue 0-50 joint venture 
exploration projects, Donlin Creek [50-50 joint v 
between Barrick and Novogold Resources Inc. (Vancouver)], 
Livengood [International Tower Hill Mines Ltd. (Vancouver)], 
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and Pebble [50-50 joint venture between Anglo American plc 
(London, United Kingdom) and Northern Dynasty Minerals Ltd. 
(Vancouver)], accounted for about 59% of Alaska's total mineral 
exploration expenditures (Athey and others, 2013, p. 9-12). 

Arizona.—1n 2011, most mined gold recovered in Arizona 
was as a byproduct of copper mining and processing. In 2012, 
however, American Bonanza Gold Corp. (Vancouver) began 
the commissioning phase of the Copperstone gold project | 
and produced about 200 kg of gold. The mine did not reach a 
commercial production level owing to equipment availability 
and difficulties in accessing higher grade ore (American 
Bonanza Gold Corp., 2013, p. 4—5). 

California.—In 2012, gold was produced at Atna Resources 
Ltd.'s (Golden, CO) Briggs Mine and New Gold Inc.'s 
(Vancouver) Mesquite Mine. The Mesquite Mine, 70 km 
northwest of Yuma, AZ, produced 4,420 kg of gold, which was 
10% less than that produced in 2011 owing to processing lower 
grade ore, because of an increase in mine development (New 
Gold Inc., 2013, p. 13). The Briggs Mine produced 1,110 kg 
of gold, which was 18% less than 2011 production because of 
a reduction in ore mined and processed during a development 
phase (Atna Resources Ltd., 2013, p. 4—7). Gold was also 
produced as a byproduct from sand and gravel operations and 
from several small underground mines that primarily recovered 
specimen gold products (Clinkenbeard and Smith, 2013). 

Colorado.—In 2012, Colorado remained the fourth-ranked 
gold-producing State in the United States. Cripple Creek 
& Victor Gold Mining Co. (a wholly owned subsidiary of 
AngloGold), reported that its open pit Cresson Mine, the 
country's seventh-ranked gold mine, produced 7,680 kg of gold 
in 2012. Production decreased 796 from that in 2011 owing to 
the phasing in of a new leaching facility, lengthening the amount 
of time from ore placement on the leach pad to recovery of gold 
(AngloGold Ashanti Ltd., 2013). 

Montana.—Barrick’s Golden Sunlight Mine, 55 km east 
of Butte, which resumed production in early 2011 айегап — 
extended development period, continued to increase production. 
In 2012, the mine produced 3,050 kg of gold (Barrick Gold 
Corp., 2013, p. 39). 

Nevada.—Gold production increased by 3% to 175,000 kg 
in 2012, and Nevada retained its long-standing position as the 
Nation's leading gold-producing State. At least 126 projects 
were drilled in 2012, down from 130 projects in 2011. Of 
the 126 projects, 106 targeted gold and eight targeted copper. 
The copper targets, however, often have gold as a byproduct 
(Davis and Muntean, 2014). | | 

In 2012, Barrick produced 97,100 kg of gold from its wholly 
owned Bald Mountain, Cortez, Goldstrike, Ruby Hill, and Storm 
Mines; its 75% share of the Turquoise Ridge Mine (a joint 
venture with Newmont, 25%); its 50% share of Smoky Valley 
Common Operation (50% owned and operated by о 

б м 0 
and its 33.3396 share of the Marigold Mine [67.67% mde 
and operated by Goldcorp Inc. (Toronto)]. This was slight y 
more than the company's gold production from ps | 7 
2011. In 2012, gold production from Goldstrike was 2, : Б 
or 8% more than 2011 production owing to operation Ө 5 m 
additional mill at the autoclave facility increasing throug ih 
Production from the Bald Mountain Mine was 2,120 kg o 
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73% increase following completion of a high waste-stripping 
sequence in 2011 and higher recovery rates from the leach pads. 
In 2012, Barrick recovered about 1,590 kg and 2,680 kg less 
gold, respectively, from the Cortez and Ruby Hill Mines than in 
2011 owing to the processing of lower-grade ores (Barrick Gold 
Corp., 2013, p. 39-40). 

Newmont’s operations in Nevada produced 54,400 kg from 
nine open pits and seven underground mines. The operations 
were the Eastern Nevada Mine Group (Carlin East, Gold Quarry, 
Leeville, North Lantern, and Pete Mines) and the Emigrant, 
Lone Tree, Midas, Mule Canyon, Phoenix, Trenton Canyon, 
Twin Creeks, and the joint venture Turquoise Ridge (25% share) 
Mines. In 2012, gold production from Newmont's Nevada 
operations increased slightly because of higher throughput at 
Mill 6, Juniper Mill, and the Twin Creeks Autoclave, as well as 
from the startup of the Emigrant Mine, which more than offset 
lower production at the Phoenix and Midas Mines owing to 
lower ore grades (Newmont Mining Corp., 2013, p. 28, 71). 

Some of the other mines in Nevada increased gold production 
in 2012 because of increases in the amount of ore processed. 
The Veris Gold Corp.'s (Vancouver) [formerly Yukon-Nevada 
Gold Corp.] Jerritt Canyon Complex produced 3,290 kg of gold, 
a 56% increase compared with 2011 production (Veris Gold 
Corp., 2013, p. 2—3). Allied Nevada Gold Corp.'s (Reno) 
Hycroft Mine produced 4,260 kg of gold, 5596 more than in 
2011 (Allied Nevada Gold Corp., 2013, p. 31). 

Utah.—Rio Tinto plc's (London, United Kingdom) Bingham 
Canyon Mine near Salt Lake City, which was operated by 
Kennecott Utah Copper Corp. (Magna), produced 6,220 kg of 
gold as a byproduct from copper mining. The gold production 
decreased by 47% compared with that in 2011 because of lower 
ore grades and lower mill throughput caused by increased 
hardness of the ore milled (Rio Tinto plc, 2013, p. 49). 

Washington.—In 2012, Kinross's underground Kettle 
River-Buckhorn Mine in the north-central part of the State 
produced 4,860 kg of gold, 1196 less than in 2011 owing to 
a planned waste-stripping phase that resulted in a decline in 
the amount of ore mined and processed (Kinross Gold Corp., 
2013, p. MDA22). 


Consumption 


Thomson Reuters Gold Fields Mineral Services Ltd. (GFMS) 
reported that total global fabrication in 2012, including the 
use of scrap, was 2,610 t, about 5% lower than that of 2011. 
Owing to the high and volatile price of gold, jewelry used only 
1,890 t of gold, 4% less than in 2011. The six leading jewelry 
manufacturing countries, by gold contained in jewelry—India 
(618 t), China (498 t), Italy (86.2 t), Turkey (73.8 t), the 
United States (53.7 t), and Russia (49.2 t)—accounted for 
73% of the world's gold jewelry fabrication. In 2012, only 
3 countries had significant (more than 1 t) increases in gold 
Jewelry fabrication—Egypt (8.8 t), Russia (4.1 t), and China 
(2.8 Ü—and 12 countries had significant decreases (more than 
1 t) in gold jewelry fabrication, of which India (48.8 t), Italy 
(7.6 t), and the United States (6.6 t) accounted for the largest 
decreases, Worldwide new gold jewelry sales in 2012 were 
3^6 less, by contained gold weight, than those of 2011. The main 
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reason for the decrease was a 66.3 t decline in new gold jewelry 
sales, by contained gold weight, in India, which was attributed 
to a dramatic increase in the local price of gold, a decrease 

in rural income owing to a severe drought, and competition 
from alternative quasi-investment options. In some regions 

of the world, especially in India, gold jewelry is purchased 

as an investment or as a store of wealth (Meader and others, 
2013, p. 83-109). 

In 2012, consumption of gold for industrial uses declined 
because of high gold prices, global economic weakness, and 
substitutions for gold. Global gold consumption for electronics 
(285 t) and dentistry (38.6 t) decreased by 11% and 10%, 
respectively. Gold used in other industrial and decorative 
applications (84.4 t) decreased by 596, primarily because of a 
sharp decline in India (Meader and others, 2013, р. 83—109). 


Price and Investment 


The Engelhard daily price of gold was volatile and 
approached the $1,800-per-troy-ounce level several times 
during 2012. The annual average daily price for 2012 of 
$1,672.75 per troy ounce was 6% more than the annual average 
price in 2011 and was a record-high annual average price. 
Although the smallest percentage increase in 11 years, 2012 was 
the 11th consecutive year of annual average price increases. 

Global investment in gold in 2012 fell slightly compared 
with that in 2011, but remained very high because of financial 
and economic uncertainties that encouraged investment in 
gold. Net global investment in gold in 2012 was 1,610 t, worth 
$86 billion. The bulk of the investment was the purchase of 
gold bars that total 998 t. Gold held in gold exchange-traded 
funds (ETFs) and physically backed Canadian funds increased 
by 279 t to 2,690 t. However, global official coin minting was 
down by 19% to 200 t, owing to a large decrease in Turkey and 
weak demand for gold coins in Europe and North America. 

The U.S. Mint reported that 23,400 kg of American Eagle 
gold bullion coins and 2,460 kg of American Buffalo gold 
bullion coins were sold in 2012, a decrease of 25% and 55%, 
respectively, from quantities sold in 2011 (Meader and others, 
2012, р. 21-38). 

According to GFMS estimates, in 2012 the official sector 
(Governments and national banks) purchased a net 532 t of gold, 
which was a 48-year high. Some of the leading buyers in 2012 
were Russia (75 t), the Philippines (34 t), Kazakhstan (33 t), the 
Republic of Korea (30 t), and Mexico (19 t) (Meader and others, 
2013, p. 60—62). 


Foreign Trade 


On the basis of unrounded data, refined bullion made up 
33% of U.S. gold imports and 54% of exports; the United States 
was a net exporter of 262,000 kg of refined bullion in 2012 
(tables 4, 6). In 2012, the imports and exports of gold bullion 
decreased by 24% and 8%, respectively, from those in 
2011. Canada and Mexico provided almost 43% and 34%, 
respectively, of the refined bullion imported in 2012. The 
United Kingdom (3796), Hong Kong (3596), Switzerland (12%), 
and India (896) were the principal destinations for refined 


bullion exports. 
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World Industry Structure 


According to its annual review of world gold supply and 
demand, GFMS calculated that the total global supply of gold in 
2012 was 4,480 t compared with the revised 2011 total supply 
of 4,520 t. It included an estimated 23-t increase in global mine 
production, no net official sector sales, no net producer hedging, 
and no implied net disinvestment for sales of bars and coins 
by private investors. Old scrap production decreased by 53 t 
because scrap stocks had been depleted and consumers deferred 
selling scrap during the year in anticipation of even higher gold 
prices (Meader and others, 2013, p. 8—10). 


World Review 


World mine output of gold in 2012 from about 100 countries 
with reported quantities of production was 2,690 t, about 20 t 
more than that in 2011, and it was the fourth consecutive year 
that world production increased (table 8). Gold production 
increased by more than 1 t in 19 countries, with the largest 
increases taking place in China (41,000 kg); Russia (18,200 kg); 
Mexico (12,500 kg); and Colombia (10,300 kg). Sudan's gold 
exports increased by 22,800 kg and, although much of this was 
from domestic production, some was from imported artisanal 
production from neighboring countries. These increases were 
partially offset by decreases in gold production in several 
countries, the largest of which took place in Indonesia 
(37,300 kg); South Africa (20,200 kg); the Philippines 
(15,400 kg); Australia (10,000 kg); Papua New Guinea 
(8,660 kg); and Kyrgyzstan (8,320 kg). | | 

The 12 leading gold-producing countries—China, Australia, 
the United States, Russia, Peru, South Africa, Canada, Mexico, 
Uzbekistan, Ghana, Colombia, and Brazil (in descending 
order)—accounted for 7276 of global production. The next 
12 leading gold-producing countries accounted for almost 18% 
of production. О 

Australia.—Australia’s gold production in 2012 decreased 
by 496 compared with that in 2011. Production decreases from 
Newcrest Mining Ltd.’s (Melbourne, Victoria) Cadia Valley 
and Barrick's Kalgoorlie Mines, owing to lower ore grades, | 
and Xstrata ple’s (Zug, Switzerland) Ernest Henry Mine, owing 
to the completion of mining a low-cost and high-grade area, 
accounted for most of the decrease (Barrick Gold Corp., 2013, 
р. 41; Newcrest Mining Ltd., 2013; Xstrata plc, 2013, р. 2). 
Partially offsetting these decreases were increases in production 
from a new operation, Regis Resources Ltd.’s (Subiaco, Nee 
Australia) Garden Well Mine and from LionGold Corp. Ltd.'s 
(Mount Clear, Victoria) Ballarat Mine that was ramping up to 
full production (Regis Resources Ltd., 2013; LionGold Corp. 
Ltd., 2014). Barrick’s Yilgarn South Mine produced more gold 
in 2012 owing to increased ore throughput and higher grade, 
while, Silver Lake Resources Ltd.'s (South Perth, Western 
Australia) Mount Monger Mine, and Ramelius Resources 
Ltd.'s (East Perth, Western Australia) Mount Magnet Mine both 

roduced about 1 t more than in 2011 because of higher ore 
d des (Barrick Gold Corp., 2013, p. 41; Ramelius Resources 
УЛ 2013, p. 3; Silver Lake Resources Ltd., 2013, p. 8). | 

Canada.—Canada ranked seventh in world gold production 

and its output increased slightly to 104,000 kg. Production 


31.4 


Google 


increased owing to the startup of AuRico Gold Inc.'s (Toronto) 
Young-Davidson Mine and New Gold Inc.'s (Vancouver) New 
Afton Mine and from increases in production from Osisko 
Mining Corp.'s (Montreal) Canadian Malartic Mine, which was 
commissioned in 2011, and from Agnico Eagle Mines 144. 
(Toronto) LaRonde and Meadowbank Mines (Agnico Eagle 
Mines Ltd., 2013, p. 17; AuRico Gold Inc., 2013, p. 5; New 
Gold Inc., 2013, р. 2; Osisko Mining Corp., 2013, p. 2-3). 
These increases were partially offset by production decreases 
at Goldcorp's Red Lake and Agnico's Goldex Mines (Agnico 
Eagle Mines Ltd., 2013, p. 17; Goldcorp Inc., 2013, p. 41). 

China.—China’s gold production increased by 11% to 
403,000 kg in 2012 and China remained the leading gold- 
producing country for the sixth consecutive year. Much of the 
increase was from primary gold mines, which accounted for 
85% of China's gold production and where production increased 
by 13%. Output of gold as a byproduct of nonferrous mining 
was 61,300 kg or 1396 more than 2011 production (Antaike 
Precious Metals Monthly, 2013c). In 2012, the top 10 gold 
enterprises produced about 49% of China's gold. The leading 
five provinces in terms of gold production, in descending order, 
were Shandong, Henan, Jiangxi, Yunnan, and Inner Mongolia 
Autonomous Region, which accounted for more than 60% of 
the country's total gold production (Antaike Precious Metals 
Monthly, 20132). 

China remained one of the leading consumers of gold and in 
2012, consumption was reported to be 832,000 kg, an increase 
of 71,000 kg or 996 from consumption in 2011. Gold bar 
consumption reached 240,000 kg, which was 12% more than 
that in 2011. Consumption for gold ornamentation, including 
jewelry, was 503,000 kg and for gold coins was 25,300 kg, 
1096 and 22% more, respectively, than 2011 consumption. Gold 
used for industrial uses, including electronics, was 53,200 kg, 
and gold consumed for other uses was 16,500 kg, which were, 
896 and 7% less, respectively, than 2011 consumption (Antaike 
Precious Metals Monthly, 2013b). 

Ghana.—Production of gold in 2012 was 86,540 kg, which 
was 4% more than that of 2011. The increase was primarily 
from two mines, Endeavour Mining Corp.'s (Vancouver) 
Nzema Mine and Perseus Mining Ltd.'s (Subiaco) Edikan 
Gold Mine, that started up in 2011 and had its first full year 
of production in 2012 (Endeavour Mining Corp., 2013, p. 2; 
Perseus Mining Ltd., 2013, p. 3—5). 

Indonesia.—In 2012, gold production declined to 58,800 
kg, a 39% decrease compared with 2011 output and 58% 
less than the historically high production in 2009. Some of 
the leading gold producers were copper mines that produced 
byproduct gold. Freeport-McMoRan Copper & Gold Inc. i 
Grasberg Mine and Newmont’s Batu Hijau Mine accounte 
for 46% (26,800 kg) and 4% (2,115 kg), respectively, of 
Indonesia’s gold production in 2012. Production at Grasberg » 
was 3296 lower than in 2011 because of a decrease in ore gra 
owing to geotechnical issues. Also, milling operations were 

. . to damage [0 
temporarily suspended in the first quarter owing to ( sinks: 
concentrate and fuel pipelines from civil unrest during is 

M : о han in 2011 owing to 
Batu Hijau's production was 78% less t terminé 
the processing of lower grade stockpiled ore because MGR 
entered into a higher waste-stripping phase (Freeport- 
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Copper & Gold Inc., 2013, p. 39—40; Newmont Mining Corp., 
2013, p. 73). 

Kyrgyzstan.—In 2012, gold production decreased by 45% 
to 10,300 kg. Production from Kumtor, the leading producer in 
Kyrgyzstan, was 42% less than in 2011 owing to a 10-day strike 
and geotechnical issues caused by glacial movement that limited 
access to the ore (Centerra Gold Inc., 2013, p. 15, 72). 

Mexico.—In 2012, Mexico's gold production reached 
an all-time high of 96,700 kg, a 15% increase from 2011 
production. Production increases from mines that recently 
opened and were continuing to ramp up production were the 
principal factors in increased production. Operations that were 
still ramping up to full production were Agnico-Eagle's Pinos 
Altos Mine, Goldcorp's Pefiasquito Mine, and Yamana Gold 
Inc.'s (Toronto) Mercedes Mine. The new producers were 
the Noche Buena Mine [56% Fresnillo plc (Mexico City) 
and 44% Newmont] and Argonaut Gold Inc.'s (Reno, NV) 

La Colorada Mine, both located in Sonora. А few operations 
had production declines, including Goldcorp's El Sauzal Mine, 
Coeur's Palmarejo Mine, and joint venture Soledad-Dipolos 
Mine (56% Fresnillo and 44% Newmont), caused by lower 

ore grades and throughput and lower recovery rates (Agnico- 
Eagle Mines Ltd., 2013, p. 26; Argonaut Gold Inc., 2013, p. 7; 
Coeur d' Alene Mines Corp., 2013, р. 19-20; Goldcorp Inc., 
2013, p. 49-53; Newmont Mining Corp., 2013, p. 29, 71; 
Yamana Gold Inc., 2013, p. 20). 

Papua New Guinea.—In 2012, gold production from Papua 
New Guinea's mines decreased by 8,660 kg, a 1496 decrease 
compared with that of 2011. Much of the decrease was from 
the two leading gold-producing mines, Newcrest's Lihir Island 
Mine and Barrick's Porgera Mine. The Lihir Island Mine 
produced 10% less gold than in 2011 because of a combination 
of lower grade and ore throughput. At the Porgera Mine, output 
was 13% less than in 2011 owing to pit wall remediation 
restricting access to higher grade areas, power supply 
interruptions, labor issues, and a reduction in underground 
mining. Newcrest’s 50%-owned Hidden Valley Mine produced 
23% less than in 2011 (Barrick Gold Corp., 2013, p. 6; Newcrest 
Mining Ltd., 2013). Production at Ok Tedi Mining Ltd.’s 
(Tabubil) Ok Tedi Mine was 3% less than in 2011 because the 
mine began closure procedures ahead of its scheduled closure 
in 2013; however, a feasibility study to extend the mine life was 
underway (Highland Pacific Ltd., 2013, p. 9). 

Peru.—In 2012, gold production was 161,000 kg, 3% less 
than in 2011. Lower production from Barrick’s Pierina Mine 
and Cia de Minas Buenaventura S.A.A.’s (Lima) La Zanja 
Mine owing to a lower ore throughput and from Buenaventura’s 
Orcopampa Mine owing to lower grades were the main factors 
in the decline (Barrick Gold Corp., 2013, p. 40; Cia de Minas 
Buenaventura S.A.A., 2013, p. 7, 33). 

Some mines produced more gold in 2012, such as Rio Alto 
Mining Ltd.’s (Vancouver) La Arena Mine, which started 
Production in May 2011 and reached full production in 
January 2012, and produced 6,260 kg of gold (Rio Alto Mining 
Ltd., 2013, p. 3). The leading gold mine in Peru, Newmont 
and Buenaventura's jointly owned Yanacocha Mine, produced 
slightly more gold in 2012 resulting from higher grades and 
Improved recovery (Newmont Mining Corp., 2013, p. 72). 
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Russia.—In 2012, Russia's gold production was 217,800 kg, 
9% more than 2011 production. The leading gold producer, 
Polyus Gold, produced 52,200 kg, a 1296 increase compared 
with 2011 production because of an increase in recovery 
rates and processing volumes (Polyus Gold Mining Co., 

2013, p. 4—5). Production from Polymetal International plc's 
(St. Petersburg) operations was 18,300 kg, 33% more than 

that in 2011. The production increases were from the Albazino 
and Omolon operations, which both added new mines in 2012 
(Polymetal International plc, 2013, р. 29-47). These production 
increases more than offset the production decline at Kinross's 
Kupol Mine, which was the result of an increased stripping ratio 
(Kinross Gold Corp., 2013, p. MDA23). 

South Africa.—Mine gold output in South Africa decreased 

for the 10th consecutive year to the lowest level since 1906. 

In 2012, South Africa's production of 160,000 kg was an 

1196 decrease from that in 2011 owing to widespread strikes in 
the second half of the year, temporary closure of shafts owing to 
mine accidents, and high costs that curtailed operations (Mining 
Journal, 2013). 

Uzbekistan.—In 2012, gold production increased slightly 
because of expansion of the mining haul truck fleet and the 
commissioning of an in-pit conveyor at Navoi Mining and 
Metallurgical Combinat's Muruntau open pit in 2011. Navoi 
completed a new bio-oxidation facility to process refractory 
ores, which was expected to increase gold production in 2013 
(Meader and others, 2013, p. 50). 


Outlook 


Historically, investors have purchased gold as a safe haven, 
as a hedge against economic failures, as a portfolio diversifier, 
and as a store of wealth. However, the economic recovery in 
the United States in the early part of 2013 prompted fears that 
the U.S. Federal Reserve would change its monetary policy, 
coinciding with a decrease in investment in gold in various 
forms, a decline in gold prices, and limited availability of 
venture capital for gold exploration. With lower gold prices, 
global gold consumption is expected to increase because jewelry 
will become more affordable. Worldwide gold production 
is expected to increase in 2013 owing to new mines starting 
production, ramping up recently started mines, and high 
cutoff grades at some mines to increase ore grades and reduce 
operating costs. In 2013, some of the significant production 
increases are expected to be in Brazil, Canada, China, the 
Dominican Republic, and Russia. However, some of the 
increases will likely be offset by high-cost operations shutting 
down in light of lower gold prices. 
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TABLE 1 
SALIENT GOLD STATISTICS! 
2008 2009 2010 2011 2012 
United States: 
Production: 
Mine: 
Quantity kilograms 233,000 223,000 231,000 234,000 235,000 
Value thousands $6,550,000 $7,000,000 $9,130,000 $11,800,000 $12,600,000 
Gold recovered by cyanidation: 
Extracted in vats, tanks, closed containers” kilograms W Ww W W MN 
Leached in open heaps or dumps do. 197,000 185,000 193,000 201,000 217,000 
Refinery: 
|  QComenmatsanddoe—— do. 168,000 170,000 175,000 220,000 222,000 
Recycled materials (new and old scrap) do. 181,000 189,000 198,000 263,000 215,000 
Exports, refined do. 459,000 281,000 295,000 403,000 371,000 
Imports for consumption, refined do. 118,000 127,000 199,000 143,000 108,000 
Net deliveries from foreign stocks in 
Federal Reserve Bank of New York do 220,000 -- -- 3,670 ss 
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Stocks, December 31: 


INE" -—————————— M— ау W 9,200 6,810 6,470 4,070 
Gold exchange traded funds holdings do. 1,230,000" 1,840,000" 2,210,000" 2,410,000" 2,690,000 
COMEX inventories do. 265,000 305,000 361,000 353,000 344,000 
U.S. Department of the Treasury do. 8,140,000 8,140,000 8,140,000 8,140,000 8,140,000 
0.5. Gold Futures Trading do. 119,000,000" 110,000,000 139,000,000 153,000,000 137,000,000 

Consumption: 

_ AmericanBuffalogoldbullioncoin бо. 5.890 6,220 6,500 5,430 2.460 
American Eagle gold bullion coin do. 35,600 44,300 38,000 31,100 ' 23,400 
Jewelry industry and the arts do. 175,000 ' 173,000 180,000 168,000 147,000 

Price, average dollars per troy ounce 873.50 974.68 1,230.00 1,570.00 1,670.00 

Employment, mine and mill only” 9,560 9,650 10,300 11,100 ' 12,700 


See footnotes at end of table. 
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TABLE 1—Continued 
SALIENT GOLD STATISTICS! 


2008 2009 2010 2011 2012 
World: 


Production, mine 
Official bullion reserves 


kilograms 2,300,000 ' 2,480,000 ' 2,580,000 ' 2,670,000 " 2,690,000 


do. 28,700,000 30,400,000 30,700,000 31,100,000 31,700,000 
‘Revised. do. Ditto. W Withheld to avoid disclosing company proprietary data. -- Zero. 


‘Data are rounded to no more than three significant digits, except prices. 

"May include small quantities recovered by gravity methods. 

Мау include tailings, waste-ore dumps, and previously mined ore at some inactive mines. 

^Unfabricated refined gold held by refiners, fabricators, dealers, and the U.S. Department of Defense. 

?Data from CPM Group. 

$COMEX only. 

"Data from U.S. Mint. 

*Engelhard quotation. 

?Data from the Mine Safety and Health Administration. 

Held by central banks, governments, and international monetary organizations. Data from the International Monetary Fund. 


TABLE 2 
MINE PRODUCTION OF GOLD IN THE UNITED STATES, BY STATE! 


(Kilograms) 
State 201 — 2012 
Alaska 25,800 27,700 
Nevada 172,000 175,000 
Other States? 36,100 31,400 
Total 234,000 235,000 


а ацил, сш (6. АЕ Е 
!Data аге rounded to no more than three significant digits; may not add to totals shown. 
?Includes Arizona, California, Colorado, Montana, New Mexico, South Dakota, 

Utah, and Washington. 


TABLE 3 
1 
LEADING GOLD-PRODUCING MINES IN THE UNITED STATES IN 2012, IN ORDER OF OUTPUT 


. H I ms 
i County and State” Majority owner? ERR: (kilograms) _ 
Ra. o ME Lune пева р ие сыыс рит тл чур 52,900 
1 Nevada Operations Elko, Eureka, Humboldt and Newmont Mining Corp. 

МИН ОИ ——— — 4260 
2 Cortez? Lander, NV Barrick Gold Corp. O 1 ——— ^s 590 
oO 
TÁC Elko and Eureka, NV do. 11.500 
а атт Common Operation Nye, NV Kinross Gold Corp. (5096), Barrick Gold Corp. (50%) EERE 
= = i or 
| 7 Eastern Interior Region, AK Kinross Gold Corp. | аж 9. 370 
P Fort Knox do. Sumitomo Metal Mining Co. (85%), Sumitomo Corp. (15% — 680 
: roga о Teller, СО AngloGold Ashanti Ltd. ————— — $2320 
resson , "mo ~ 6220 
| : C nê Salt Lake, UT Kennecott Utah Copper Corp.’ = aa ТИЙ 5,970 
8 Bingham ae Humboldt, NV Barrick Gold Corp. (75%), Newmont Mining Corp (25%, — $010 
uoise , 10 

a wa Mountain White Pine, NV Barrick Gold Corp. и 

See footnotes at end of table. 
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TABLE 3—Continued 
LEADING GOLD-PRODUCING MINES IN THE UNITED STATES IN 2012, IN ORDER OF OUTPUT! 


Quantity 

Rank Mine County and State? Majority owner? (kilograms) 

11 Kettle River-Buckhom' Okanogan, WA Kinross Gold Corp. 4,860 
12 Marigold Humboldt, NV Goldcorp Inc. (66.796), Barrick Gold Corp. (33.3%) 4,510 
13 Mesquite Imperial, CA New Gold Inc. 4,420 
14 Hycroft Humboldt and Pershing, NV Allied Nevada Gold Corp. 4,260 
15 Jerritt Canyon Elko, NV Veris Gold Corp. 3,290 
l6 Golden Sunlight Jefferson, MT Barrick Gold Corp. 3,050 
17 Hollister Elko, NV Great Basin Gold Ltd. 2,690 
18 Kensington Southeastern Region, AK Coeur d'Alene Mines Corp. 2,550 
19 Wharf Lawrence, SD Goldcorp Inc. 2,120 
20 Greens Creek Southeastern Region, AK Hecla Mining Co. 1,730 
21 Ruby Hill Eureka, NV Barrick Gold Corp. 1,280 
22 Rochester Pershing, NV Coeur d'Alene Mines Corp. 1,180 
23 Robinson’! White Pine, NV KGHM International Ltd.'? 1,180 
24 Briggs Inyo, CA Atna Resources Ltd. 1,110 
25 Mineral Ridge Esmeralda, NV Scorpio Gold Corp. 991 
26 Drumlummon Lewis and Clark, MT U.S. Silver and Gold Inc. 624 
2] Stillwater" Stillwater, MT Stillwater Mining Co. 280 
28 Nixon Fork Western Region, AK Fire River Gold Corp. 274 
o Borealis Mineral, NV Gryphon Gold Corp. NA 
©) Denton-Rawhide do. Rawhide Mining LLC NA 
ubi Florida Canyon Pershing, NV Jipangu Inc. NA 


do. Ditto. NA Not available. 
Data are rounded to no more than three significant digits; the mines on this list accounted for more than 9994 of U.S. mine production in 2012. 
"For Alaska, mines are located by geographic region, as delinerated by the Alaska Division of Geological & Geophysical Surveys in its Special Report 67, 
Alaska’s mineral industry 2011—Ехр]оганоп activity. 
"When multiple owners are listed, the operating owner is listed first, and when only one owner is listed the company has full ownership. 
"Includes nine open pit operations (Emigrant, Genesis, Gold Quarry, Lantern, Pay Raise, Phoenix, Twin Creeks, and Widge Mines) and seven underground 
operations (Carlin East, Chukar, Exodus, Leeville, Midas, and Pete Bajo Mines). 
"Includes Cortez Hills and Cortez Pipeline Mines. 
“Includes Betze-Post, Meikle, and Storm Mines. 
‘Quantity represents total gold equivalent. 
Quantity represents total quantity of gold produced in concentrates. 
Wholly owned subsidiary of Rio Tinto plc. 
, Ukon-Nevada Gold Corp. changed its name to Veris Gold Corp. on October 10, 2012. 
Quantity represents total quantity of gold, platinum, and palladium produced in concentrate. 
The Robinson Mine was formerly owned by Quadra FNX Mining Ltd., which was purchased by KGHM Polska Miedz SA. on March 5, 2012, and renamed 
SOM International Ltd. 
rudes East Boulder Mine. 
The rank order is not shown to avoid disclosing company proprietary data. 


Sources: Company annual reports, company 10-K reports submitted to the U.S. Securities and Exchange Commission, company news releases, 
and Nevada Bureau of Mines and Geology. 
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Year and country 


Australia 

Austria 

Belgium 

Canada 

China 

Colombia 

Dominican Republic 
Bero) а сав. 

Honduras 

Hong Kong 

India 

Indonesia 

Ireland 

Israel 

Japan 

Kazakhstan 

Laos 

Malaysia 

Mexico 

New Zealand 

Oman 

Pakistan 

Peru 

Poland 

South Africa 

Swaziland 

Switzerland 

Taiwan 

Thailand 

Turkey 

United Arab Emirates 

United Kingdom 

Vietnam 


NE diio cor E 


Other 


iod suci ee ия 


Total 
-- Zero. 


TABLE 4 
U.S. EXPORTS OF GOLD, BY COUNTRY"? 


(Kilograms, gold content unless otherwise specified) 


Ores and concentrates" 


Value 
Quantity = (thousands) 
8,400 $282,000 
4 40 
12 548 
176 3,320 
1,190 72,600 
697 26,200 
2,070 67,100 
1,650 10,500 
6 170 
5) 14 
20 195 
6,010 71,200 
7 228 
1 3 
3 22 
11,800 252,000 


Dore and precipitates 


Quantity 
62,800 


19,300 
27 


-— 


311,000 


Value 
(thousands) 
$2,430,000 


1,590 


220,000 
116 
799 


51,000 
1,660,000 
121 


10,900,000 


3 

792,000 
699 

18 
13,700,000 


Ірака are rounded to no more than three significant digits; may not add to totals shown. 


? Ash and residues data were zero for listed years. 
3 Includes base-metal ores, concentrates, and matte destined for refining. 


*Bullion also moves in both directio 


5Less than М unit. 


Source: U.S. Census Bureau. 
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Refined bullion' Total 
Value Value 

Quantity (thousands) Quantity (thousands) 
403,000 $19,600,000 474,000 $22,300,000 
-- ~ 38 1,590 

5.140 145,000 5.140 145,000 
100 5,650 104 5.690 

2 87 14 635 

1,150 65,200 18,400 288,000 

8 442 1,200 73,000 

-- -- 2 116 

-- -- 25 799 

-- -- 697 26,200 

161 8,490 2,230 75,600 

9 470 20 954 

15 760 15 760 
131,000 7,090,000 133,000 7,150,000 
28,900 1,240,000 66,900 2,900,000 
3 157 6 278 

1 24 6 194 

-- = 11 460 

12 505 32 700 

-- D 19 584 

21 1,010 21 1,010 

326 17,000 326 17,000 
1,030 52,500 7,040 124,000 

4 213 4 221 

280 13,900 280 13,900 

174 8,060 187 8,560 

19 976 19 976 

439 24,200 439 24,200 
9,260 504,000 8,260 504,000 

3 199 3 199 
44,600 2,270,000 280,000 13,200,000 
389 19,500 389 19,500 
9,280 492,000 9,280 492,000 
35 1,520 35 1,520 
1,890 64,200 21,200 856,000 
137,000 7,330,000 137,000 7,330,000 
19 740 19 740 
| 89 1 | 107 
371,000 19,300,000 692,000 33,300,000 

gold is excluded. 
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Year and country 


2011 
2012: 


Argentina 
Australia 
Belgium 
Canada 
China 
Costa Rica 
Denmark 


Dominican Republic 


Ecuador 
France 
Germany 
Honduras 
Hong Kong 
India 


Ireland 
Italy 
Japan 


Korea, Republic of 


Malaysia 
Mexico 
Netherlands 
Panama 
Saudi Arabia 
Singapore 
Sweden 
Switzerland 
Taiwan 
Thailand 
Turkey 


United Kingdom 


Vietnam 
Other 
Total 


-- Zero. 
! Data are rounded to no more than three significant digits; may not add to totals shown. 
"Less than М unit. 
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TABLE 5 


U.S. EXPORTS OF GOLD, BY COUNTRY! 


(Kilograms, gross weight unless otherwise specified) 


Waste and scrap 


Quantity 
626,000 


337 


(2) 


13,700 


266,000 


Source: U.S. Census Bureau. 


Metal powder 

Value Value 
(thousands) Quantity (thousands) 
$7,510,000 670 $19,100 
-- 1 9 
2,260 -- -- 
1,260,000 30 483 
14 9 267 
= 11 122 
-- 2 8 
-- 16 452 
59,500 8 141 
-- 15 217 
112 27 967 
209 18 732 
Es 1 17 
16,700 -- -- 
8,160 14 208 
-- 28 732 
- 9 81 
823,000 (2) 7 
-- 10 244 
128 -- == 
136,000 85 3,440 
ДЕ 15 503 
3 5 75 
2,310,000 304 8,710 


Gold compounds 


Quantity 
3,930,000 


170 
916 
591,000 
268,000 
41,600 
203 
192,000 
260 
2,620 
7,270 
2,610 
8,960 
15,900 
919 
2,320 
72,200 
251,000 
637,000 
103,000 
150 

831 
445,000 
167 
64,900 
76,700 
4,000 
3,290 
24,900 
439 


2,820,000 


Value 
(thousands) 


$98,700 


17 
10,600 
13,500 
2,890 
4 
3,450 
17 

47 


57 
1,750 
15,600 
11,500 
1,860 
3 

15 
41,100 
3 
2,160 
1,380 
72 


107,000 
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TABLE 6 
U.S. IMPORTS FOR CONSUMPTION OF GOLD, BY COUNTRY’ 


(Kilograms, gold content unless otherwise specified) 
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о р total 
Ores and concentrates” Dore and precipitates Refined bullion’ Total 
Value Value Value Value 
Year and country Quantity (thousands) Quantity (thousands) Quantity (thousands) Quantity (thousands) 
2011 203,000 $115,000 161,000 — $6,910,000 143,000 — $6,010,000 507,000 $13,000,000 
2012: 
Argentina — — 6 280 46 2,840 51 3,120 
Australia 3 88 -- -- 2,630 118,000 2,630 118,000 
Bahamas, The -- -- 10 372 (4) 4 10 376 
Barbados -- -- 101 2,850 42 829 143 3,680 
Belgium -- -- -- -- 16 653 16 653 
Bolivia -- -- 11,900 638,000 707 28,900 12,600 666,000 
Brazil -- -- -- -- 1,580 79,400 1,580 79,400 
Сапада 113 5,700 1,480 74,500 46,200 2,470,000 47,800 2,550,000 
Chile -— -- 2,530 148,000 3,600 164,000 6,130 312,000 
China -- -- -- -- 7 252 7 252 
Colombia -- -- 52,600 2,450,000 8,610 425,000 61,200 2,870,000 
Costa Rica -- -- 3 154 112 3,250 115 3,400 
Curacao -- -- 8,150 436,000 20 1,050 8,170 437,000 
Dominican Republic 52 3,010 226 7,180 288 14,100 566 24,900 
Ecuador -— -- 6,480 291,000 223 11,200 6,710 302,000 
El Salvador -- -- 56 1,770 -- -- 56 1,770 
France E = -- -- 314 16,700 314 16,700 
Germany -- -- 56 3,090 131 7,160 188 10,200 
Ghana -- -- 18 964 19 993 37 1,960 
Guatemala -- -- 8,040 576,000 | 51 8,040 576,000 
Guinea zs -- | 44 19 918 21 962 
Guyana = -- 7,310 393,000 25 1,420 7,340 395,000 
Honduras -- -- 467 22,800 1,690 85,100 2,160 108,000 
Hong Kong -- -- 11 619 32 1,680 43 2,300 
Jamaica -— -- 70 3,130 | 39 71 3,220 
Јарап 2 -- 5 265 38 1,910 44 2,170 
Mexico 563 30,300 87,200 4,070,000 36,500 1,320,000 124,000 5,420,000 
Netherlands -- -- 58 2,910 -- ES 58 2,910 
New Zealand -- -- 31 1,430 6 177 37 1,610 
Nicaragua = -- 2,430 133,000 51 2,390 2,490 136,000 
Рапата Ж = 168 8,210 591 28,800 758 37,000 
Paraguay = -- 151 8,120 1,510 79,800 1,670 87,900 
mo MEME 4,630 6,660 24,900 1,350,000 456 24,300 29,900 1,380,000 
Philippines -- -- 9 351 ты Е 9 351 
Sierra Leone -- ie 2 83 3 126 5 210 
South Africa = - -- = 138 7,580 138 7,580 
EC НЕЕ = - -- = 4 111 4 111 
Saint Lucia - -- 27 1,300 € Js 27 1,300 
Saint Vincent and the Grenadines = ES 7 894 E " 17 394 
NL —Ó z -- ~- E 12 476 12 476 
Swizorand E - 1,490 85,600 1,890 101,000 3,380 187,000 
ML 3 es 218 6,490 504 13,200 722 19,700 
Trinidad and Tobago = АХ 41 1,280 | 43 42 1.320 
„кеу. | = -- 6 266 14 714 19 980 
United Arab Emirates E B 
United Kingdom - р 7 Я oe i a 
NEER т Ж = -- 307 17,100 307 17,100 
2 7 = 1,750 83,600 -- -- 1,750 83,600 
бис _ T 19 600 = M 19 600 
.. Total. 5,370 45 700 21 у 2 = > ze Е. 
See footnotes at end of table. | i A ER Iu 1951999 5,030,000 33 2,000 _15,900,000 
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TABLE 6—Continued 
U.S. IMPORTS FOR CONSUMPTION OF GOLD, BY COUNTRY! 


ее —————————————— 


Гаја are rounded to no more than three significant digits; may not add to totals shown. 
"Includes base metal ores, concentrates, and matte destined for refining. 


— Zero. 


*Bullion also moves in both directions between U.S. markets and foreign stocks on deposit in the Federal Reserve Bank. Monetary gold is excluded. 
4 | 
Less than # unit. 


Source: U.S. Census Bureau. 
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TABLE 7 


U.S. IMPORTS FOR CONSUMPTION OF GOLD, BY COUNTRY’ 


(Kilograms, gross weight unless otherwise specified) 


Waste and scrap Metal powder Gold compounds 


2011 


DEM A с „л SS e 


2012: 
Antigua and Barbuda 
Aruba 


и io ‚2 — т сш OE ERE 


Australia 
Bahamas, The 
Barbados 


IA Е рык дыш EL не 


Belize 


ИЕ мира ет RN LL ам 


Bermuda 


вии 


Bolivia 


Boda PR TEE eS = == 


Canada 


Е р ee Rd 


Chile 


ү с ee а = шаре и шы UN 


China 


MELDE con с зл сыз шш шш MEL ш C LL 


Colombia 


„сыты сше ыы шш ш EM LL = ===е 


Совїа Елса 


Ернан ыш шш шшш LLL LL 


Сигасао 


eS HELL cc ESL 


Dominican Republic 
Ecuador 


И НИ ННВ LLL LL 


El Salvador 

Fiji 

French Polynesia 
Germany 


При врши ELLA 


Guadeloupe 
Guatemala 
Guinea 
Honduras 


isi CARERE шшш шш шш LL 


Hong Kong 


_ = 2 ____________-- 


Israel 


BELL Sci d ERN шш ы зш шыш LL 


Italy 


na ——-————-є—— 


Jamaica 
Japan | 
Korea, Republic of 
Mali 
Martinique 
Mexico 
Netherlands 
Nicaragua 
Panama 
Philippines 
Sierra Leone 
Sint Maarten 
South Africa 
Switzerland 
United Kingdom 
Other 
Total 
-- Zero. 


див 


——— 


Quantity 
57,400 


256 
12,100 
29,500 
103 
116 
2,350 
24,700 
172 
9,510 
349 
2,640 
234 

156 


20 
4,820 
453 
116,000 


Value 

(thousands) Quantity 
$849,000 437 
984 -- 
7,690 -- 
314 1 
7,600 -- 
2,420 -- 
787 -- 
5,220 -- 
425,000 -- 
251,000 9 
8,400 -- 
724 -- 
2,180 10 
39,500 d 
5,410 № 
221,000 2 
10,800 22 
58,000 = 
2,450 = 
3,590 (2) 
2,310 114 
9,050 же 
26,600 = 
-- 108 
94,900 (2) 
1,040 22 
6,750 - 
578 1 
26,300 УА 
du 2 
14,200 (2) 
AS 5 
5,270 = 
67,800 20 
19,700 - 
36,000 2 
23,100 i 
13,100 " 
61 20 
3,430 jo 
1,030 m 
665 12 
154,000 3 
11,000 9 
1,570,000 318 


Value Value 
(thousands) Quantity (thousands) 


Year and country 
$1,630 


$7,570 37,600 


87 31 42 
178 3 18 
8,500 13,400 3,440 


| , " 
Data are rounded to no more than three significant digits; may not add to totals shown 


?Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 8 


GOLD: WORLD MINE PRODUCTION, BY COUNTRY? 


Algeria 

Argentina 

Armenia 

Australia 

Azerbaijan 

Belize‘ 

Benin‘ 

Bolivia 

Botswana’ 

Brazil” 

Bulgaria‘ 

Burkina Faso 
Burundi 

Cameroon" 

Canada 

Central African Republic* 
Chile 

Спа“ 

Colombia 

Congo (Brazzaville) 
Congo (Kinshasa) 
Costa Rica 

Cóte d'Ivoire (Ivory Coast) 


Denmark? 
Dominican Republic 


Ecuador’ 
Egypt 
Eritrea’ 
Ethiopia® 
Fiji 
Finland 
Егапсе“ 
French Guiana* 
Gabon 
Georgia" 
Ghana 
Greece 
Guatemala 
Guinea 
Guyana 


Honduras 
ee te et ERR RES 


India® " 


Indonesia! 


Kenya 
Korea, Republic of 
Kyrgyzstan 


See footnotes at end of table. 


(Kilograms) 
2008 2009 
656 1,010 
42,046 46,588 
1,359 944 
215,000 224,000 
m 353 
5 5 
20 20 
8,406 7,217 
3,300 2,000 
54,666 60,330 
4,160 * 4,482 * 
6,033 11,581 
500 ' 500 ' 
1,500 1,600 
94,909 ' 96,573 ' 
43 61 
39,162 40,834 
285,000 320,000 
34,321 47,837 
100 100 
3,300 3,500 
198 ' 150 ' 
4,205 6,947 
1,665 1,117 
47 375 
4,133 ' 5,392 ' 
ES 95 
30 30 
3,465 6,251 
871 1,040 
4,148 ' 5,749 ' 
1,500 1,500 
2,000 2,000 
pues r -- Г 
2,000 2,000 
73,819 "? 67,818 ^ 
400 500 
7,837 8,897 
19,945 18,091 
8,131 9,326 ' 
2,561 2,127 
2,700 * 2,800 * 
64,390 140,488 
1,000 ' 2,000 ' 
450 450 
6,868 7,708 
20,825 22,839 
340 1,055 
175 274 
18,132 16,950 
4,333 5,033 
624 524 


2010 
723 
63,138 
974 ' 
261,000 
1,900 
20 
6,394 
1,774 * 
62,047 
4,000 ' 
22,939 
300 ' 
1,600 
102,147 ' 
59 ' 
39,494 
345,000 
53,605 
150 
3,500 
300 ' 
5,310 
494 ' 
4,593 ' 
9,847 ' 
500 
5,936 
1,856 
7,628 ' 
1,500 
1,140 ' 


г 


2,000 


72,441 ^ 


500 
9,213 
13,206 ' 
9,594 
2,197 ' 
2,700 

106,316 
2,000 " 
450 
8,544 
30,272 ' 
2,355 ' 
235 ' 
18,300 
5,061 
666 


2011 
341 
59,140 ' 
1,266 ' 
260,000 ' 
1,775 
20 
6,513 
1,800 
65,209 ' 
4,600 ' 
31,774 
300 ' 
1,600 
101,975 ' 
53' 
45,137 ' 
362,000 
55,908 
150 
3,500 
S00 ' 
9,871 
153 * 
490 " 
4,149 ' 
7,000 ' 
12,000 


10,000 " 


1,661 * 
8,461" 
1,500 

1,300 " 


r 


2,000 * 


82,919 ^ 


600 * 
11,898 ' 
15,695 
11,293 ' 

1,893 ' 
2,300 ' 
96,100 * 
2,000 ' 
450 
8,691 
36,846 ' 
1,636 ' 

209 ' 
18,648 ' 

3,984 ' 
448 ' 


2012 
300 * 
56,100 * 
1,300 * 
250,000 * 
1,563 
20 
6,973 
1,800 
65,000 * 
5,000 
27,850 
300 
1,800 
103,713 ? 
55 
49,936 
403,000 
66,178 
150 
3,500 
400 * 
10,400 
100 * 
3.917 
3,400 * 
8,500 
10,000 
12,000 * 
1,636 
10,814 
1,300 
666 
1,900 
86,540 
800 * 
6,473 
14,479 
13,643 
1,858 
1,800 
58,800 * 
2,000 
7,233 
40,006 
1,600 * 
200 * 
10,333 
4,000 * 
64] 


Google 
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TABLE 8—Continued 
GOLD: WORLD MINE PRODUCTION, BY COUNTRY"? 


(Kilograms) 
Country 2008 2009 2010 2011 2012 
Madagascar” "> 50 * 30' 30' 40° 
Malaysia 2 489 400 
М , 2,794 3,766 4,219 * 4,624 
ali 41,160 42,364 36,360 35,728 40,000 * 
Mauritania 6.254 | ; 
| | 8,000 8,325 8,200 * 7,931 
Mexico 50,365 51,393 72,596 84,118 96,650 
Mongolia 15,184 9,803 | | 
Morocco’ Е ў 6,037 5,703 5,995 
| 1,200 1,200 1,200 1,200 1,200 
Mozambique 298 511 106 111" 110 * 
Myanmar (Burma) 100 100 100 100 100 
Namibia 2,126 2,022 2,675 2,053 2,302 
ES Zealand 13,402 | 13,442 13,494 14,324 10,164 
ЕЕ 2,965 2,590 4,900 ' 6,395 ' 6,980 
Nie = 2,314 1,985 1,596 1,453 1,600 * 
100 ' 50 ' 100 ' 100 € 
North Korea" 2,000 2.000 : а 
a d — 2,000 2,000 2,000 
8 12 10 * = 
Рапата | -- 800 870 ' 1,675 ' 2,115 
ae New Guinea 67,463 63,600 ' 62,900 ' 61,760 ' 53,100 
Реп _ 179,870 183,995 ' 164,084 166,187 ' 161,325 
eee 35,726 37,047 40,847 31,120 ' 15,762 
olan 500 500 500 500 500 
Romania‘ 400 400 400 400 400 
Russia!" 172,031 192,832 189,000 199,642 217,800 
Rwanda" 40 30 3 j^ 3° 
Saudi Arabia 4,527 4,857 4,476 4,611 ' 4,285 
а 600 * 5,055 4,381 4,089 6,666 
Serbia 712 452 356 1,032 ' 900 
Sierra Leone 196 157 270 164 135 
Slovakia 92 346 340 300 * 300 * 
Solomon Islands -- Es Ss 1,700 “ 1,800 * 
South Africa 212,571 197,628 188,702 ' 180,184 ' 160,000 * 
Spain" 3,400 * 3,450 4 3,500 3,550 3,600 
Sudan 7,508 14,914 26,317 23,379 46,133 
Suriname 9,798 12,193 * 10,886 ' 11,975 ' 11,882 
Sweden 4,953 ' 5,542 ' 6,285 ' 5,994 ' 6,000 ° 
Tajikistan — — — — 0 0 0 0 0. 1,672 1,361 2,049 2,240 2,401 
Tanzania 36,434 39,112 39,448 44,000 * 44,000 * 
Thailand 2,721 5,400 4,215 2,372 ' 3,000 © 
Торо!" 11,835 12,955 10,452 16,469 16,500 * 
Turkey S 11,016 ' 14,469 ' 16,890 ' 24,400 " 29,370 
Uganda 1,500 1,600 1,600 1,500 1,600 
United Kingdom 164 185 171 202 102 
United States 233,000 223,000 231,000 234,000 235,000 
Uruguay 2,182 1,690 1,740 ' 1,736 ' 1,723 
Uo p "—— — 
Uzbekistan 85,000 90,000 90,000 91,000 93,000 
Venenielit 10,100 11,880 "* 12,000 12,000 12,000 
Vietnam 3,000 3,000 3,500 3,500 3,500 
Vietnam — — — 0 00 0 0 0. 
Zambia" 1,930 * 3,100 4 3,400 3,500 3,600 
Zambia 2 ЕЕ 
Zimbabwe 3,579 4,965 9,100 12,824 14,742 
дт чыч ты лты EL E EC ы и ЫШ Ал г 
Total 2,300,000 ' 2,480,000 ' 2,580,000 ' 2,670,000" _ 2,0000 — 
See footnotes at end of table. 
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TABLE 8—Continued 
GOLD: WORLD MINE PRODUCTION, BY COUNTRY"? 


мос a a ЕЕЕ а ЕЕЕ ааа 
“Estimated. "Preliminary. "Revised. -- Zero. 


lWorld total, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes data available through September 16, 2014. 

Chad and Equatorial Guienea may produce gold, but available information is inadequate to estimate output levels. 
*Reported figure. 


‘Officially reported figures are as follows, in kilograms: Major companies: 2008—46,066; 2009—52,207; 2010—55,292; 201 1—56,969 (revised); and 
2012—57,000 (estimated). Garimpieros: 2008—8,600; 2009—8,123; 2010—6,455; 2011— 8,240 (revised); and 2012—8,000 (estimated). 
А] production is from Greenland. 


"Includes undocumented artisanal production. 
ŝYear ending July 7 of that stated. 
*Excludes artisanal and small-scale mining output. 


I Excludes artisanal and small-scale mining output, which in 2010 was estimated to be more than 25,000 kilograms. 


"Excludes artisanal and small-scale mining output, which in 2011 was estimated to be more than 30,000 kilograms. 
"Refinery output. 


"Excludes production from so-called people’s mines, which may be as much as 20,000 kilograms per year, but includes gold recovered as byproduct of 
copper mining. 


Includes gold recovered from the Mouteh gold mine and from the Sarcheshmeh copper complex. 
Reported exports. 


Includes documented production from placer artisanal production. 


"Mine output including gold recovered as a byproduct, but excludes secondary gold production, which for Russia, in kilograms, was 2008—8,140; 
2009—12,404 (revised); 2010—12,600 (revised); 2011—9,334; and 2012— 8,500. 


"Includes domestic and imported undocumented artisanal production. 
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GRAPHITE 
By Donald W. Olson 


Domestic survey data and tables were prepared by Mahbood Mahdavi, statistical assistant, and the world production tables 
were prepared by Glenn J. Wallace, international data coordinator. 


In 2012, no domestic production of natural graphite was 
reported, but U.S. production of synthetic graphite was 
estimated to be 141,000 metric tons (t) valued at about $946 
billion. U.S. exports and imports of natural graphite were 
estimated to be 6,310 t and 56,700 t, respectively. U.S. exports 
and imports of synthetic graphite were estimated to be 48,600 t 
and 122,000 t, respectively. U.S. apparent consumption of 
natural and synthetic graphite was estimated to be 50,400 t and 
214,000 t, respectively (table 1). World production of natural 
graphite was estimated to be 1.17 million metric tons (Mt). 

This report includes information on U.S. trade and use of 
natural graphite and U.S. production, trade, and use of synthetic 
graphite. Trade data in this report are from the U.S. Census 
Bureau. All percentages in the report were computed using the 
unrounded data. 

Graphite is one of four forms of crystalline carbon; the others 
are carbon nanotubes, diamonds, and fullerenes. In graphite, the 
carbon atoms are densely arranged in parallel-stacked, planar 
honeycomb-lattice sheets. When the graphite structure is only 
a one-atom-thick planar sheet, it is called graphene. Graphite 
15 used to produce graphene. Graphene is extremely light and 
strong (Topf, 2012). Graphite is gray to black in color, opaque, 
and usually has a metallic luster; sometimes it exhibits a dull 
earthy luster. Graphite occurs naturally in metamorphic rocks. It 
is a soft mineral with a Mohs hardness of 1 to 2, and it exhibits 
perfect basal (one-plane) cleavage. Graphite is flexible but not 
elastic, has a melting point of 3,927 °С, and is highly refractory. 
It has a low specific gravity. Graphite is the most electrically and 
thermally conductive of the nonmetals and is chemically inert. 
All these properties combined make graphite desirable for many 
industrial applications, and both natural and synthetic graphite 
have industrial uses. 

There are three types of natural graphite—amorphous, flake 
or crystalline flake, and vein or lump. Amorphous graphite is 
the lowest quality and most abundant. Amorphous refers to its 
Very small crystal size and not to a lack of crystal structure. 
Amorphous is used for lower value graphite products and is the 
lowest priced graphite. Large amorphous graphite deposits are 
found in China, Europe, Mexico, and the United States. The 
flake or crystalline form of graphite consists of many graphene 
sheets stacked together, Flake or crystalline flake graphite is 
less common and higher quality than amorphous. Flake graphite 
Occurs as separate flakes that crystallized in metamorphic rock 
and can be four times the price of amorphous. Good quality 
flakes can be processed into expandable graphite for many uses, 
such as flame retardants. The foremost deposits are found in 
Austria, Brazil, Canada, China, Germany, and Madagascar. Vein 
or lump graphite is the rarest, most valuable, and highest quality 
"Уре of natural graphite. It occurs in veins along intrusive 
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contacts in solid lumps, and it is only commercially mined in Sri 
Lanka (Moores, 2007). 

Natural graphite is mined from open pit and underground 
mine operations. Production from open pit operations is less 
expensive and is preferred where the overburden can be removed 
economically. Mines in Madagascar are mostly of this type. In 
Mexico, the Republic of Korea, and Sri Lanka, where the deposits 
are deep, underground mining techniques are required. 

Beneficiation processes for graphite may vary from a 
complex four-stage flotation at European and United States 
mills to simple hand sorting and screening of high-grade ore 
at Sri Lankan operations. Certain soft graphite ores, such as 
those found in Madagascar, need no primary crushing and 
grinding. Typically, such ores contain the highest proportion of 
coarse flakes. Ore is sluiced to the field washing plant, where 
it undergoes desliming to remove the clay fraction and is 
subjected to a rough flotation to produce a concentrate with 60% 
to 70% carbon. This concentrate is transported to the refining 
mill for further grinding and flotation to reach 85% carbon. It is 
then screened to produce a variety of products marketed as flake 
graphite that contain 75% to 90% carbon. 


Exploration and Development 


Three companies were exploring for flake graphite in the 
United States. Graphite One Resources Inc. was developing the 
Graphite Creek project in Alaska, Alabama Graphite Corp. was 
developing the Coosa graphite project in Alabama, and National 
Graphite Corp. was developing the Chedic graphite project in 
Nevada (Moores and others, 2012, p. 219-20). | 


Production 


The U.S. Geological Survey (USGS) obtained the production 
data in this report through a voluntary survey of U.S. synthetic 
graphite producers. The survey of U.S. synthetic graphite 
producers collected data from 10 of 17 canvassed producers, 
Data were estimated for the producers that did not respond 
to the survey based on responses received in previous years 
industry production trends, reports from other industry sources 
and discussions with consultants within the graphite industry | 

No natural graphite was reported mined in the United States 
in 2012, but 141,000 t of synthetic graphite with an estimated 
value of $946 million was produced and shipped (tables 1 3) 

The first process to produce synthetic graphite was invented 
in the mid-1890s by Edward Goodrich Acheson. He discovered 
that by heating carborundum to high temperatures, at about — 
4,150 °С (7,500 °F), the silicon vaporizes leaves behind almost 
pure graphitic carbon. Synthetic graphite electrodes that carry 
the electricity that melts scrap iron and steel or direct-reduced 


32.1 


iron in electric arc furnaces are made from petroleum coke 
mixed with coal tar pitch. The mixture is extruded and shaped, 
then baked to carbonize the pitch, and finally graphitized by 
heating it to temperatures approaching 3,000 °С, to convert 
the carbon to graphite. Synthetic graphite powder is made by 
heating powdered petroleum coke above the temperature of 


graphitization (3,000 °С), sometimes with minor modifications 
(Kopeliovich, 2012). 


Consumption 


The USGS obtained the consumption data in this report 
through a survey of natural graphite companies in the United 
States. The survey of natural graphite companies collected 
data from 33 of 84 canvassed companies and plants. Data 
were estimated for the companies that did not respond to the 
survey based on responses received in previous years, industry 
consumption trends, reports from other industry sources, and 
discussions with consultants within the graphite industry. This 
end-use survey represented most of the graphite industry in the 
United States. 

U.S. apparent consumption of natural graphite decreased by 
23% to 50,400 t in 2012 from 65,500 t in 2011 (table 1). 
Simultaneously, U.S. consumption of synthetic graphite 
increased by 2396 to 214,000 t in 2012 from 173,000 t in 2011 
(table 1). U.S. total graphite consumption, combined natural and 
synthetic, increased by 11% to 265,000 t in 2012 from 239,000 t 
in 2011. 

U.S. consumption of natural graphite reported by end use 
decreased by 22% to 50,900 t in 2012 from 65,300 t in 2011 
(table 2), owing to decreases of 22% and 47% from the previous 
year in the amounts of natural graphite used in brake lining 
and the “Other” end-use category, respectively. The “Other” 
end-use category includes antiknock gasoline additives and 
other chemical compounds, batteries, crucibles, drilling mud, 
electrical/electronic devices, industrial diamonds, magnetic 
tape, mechanical products, nozzles, paints and polishes, pencils, 
retorts, sleeves, small packages, soldering/welding, steelmaking, 
stoppers, and other end uses. The natural graphite consumption 
data in table 2 include mixtures of natural and synthetic graphite 
in the amorphous graphite category, and this consumption data 
reported by end use may include company stocks from previous 
years. Consequently, the table 2 reported consumption numbers 

are different from the computed apparent consumption numbers 
given in table 1. Consumption of crystalline graphite decreased 
slightly in 2012 to 33,800 t from 34,900 t in 2011. Consumption 
of amorphous graphite decreased by 44% to 17,000 t in 
2012 from 30,400 t in 2011. Brake linings, refractories, and 
steelmaking were the three industries that dominated U.S. 
natural graphite use. Brake linings and refractories combined 
accounted for 60% of natural graphite consumption. Foundries 
and lubricants accounted for another 5% of natural graphite 
consumption. The refractories industry was the leading 
consumer of crystalline flake graphite in 2012. | 

About 8096 of U.S. consumption of natural graphite was 
used in industrial applications. The leading market о Was 
refractories, foundries, and crucibles, ООВ 39% of 
consumption in 2012. This market sector was 70 yo dependent 
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on steelmaking. Automobile manufacturing and construction 
drove steelmaking, which, in turn, drove refractories, foundries, 
and crucibles demand. Metallurgical uses accounted for 28% 
of demand; parts and components, 10%; lubricants, 9%; 
batteries, 995; and other uses, 5% (Moores, 2012, p. 2). An 
important and increasing portion of graphite use was related to 
high-technology applications through their use of graphite as an 
anode material in batteries. The batteries end-use category was 
the fastest increasing market with growth of 15% to 25% during 
the year, driven by the consumption of portable electronic 
devices, such as mobile telephones, smartphones, and tablets 
(Moores and others, 2012, p. 11). 

Graphite has metallic and nonmetallic properties, which 
make it suitable for many industrial applications. The metallic 
properties include electrical and thermal conductivity. The 
nonmetallic properties include high-thermal resistance, 
inertness, and lubricity. The combination of conductivity and 
high-thermal stability allows graphite to be used in many 
applications, such as in batteries, fuel cells, and refractories. 
Graphite's lubricity and thermal conductivity make it an 
excellent material for high-temperature applications because 
it provides effective lubrication at a friction interface while 
furnishing a thermally conductive matrix to remove heat from 
the same interface. Electrical conductivity and lubricity allow 
its use as the primary material in the manufacture of brushes for 
electric motors. А graphite brush effectively transfers electric 
current to a rotating armature while the natural lubricity of the 
brush minimizes frictional wear. Advanced technology products, 
such as friction materials and battery and fuel cells, require 
high-purity graphite. Natural graphite is purified to 99.9% 
carbon content for use in battery applications. 

Graphite is made up of parallel sheets of carbon atoms in 
a hexagonal arrangement. It is possible to insert other atoms 
between the sheets, a process that is called intercalation. 

The insertion of other atoms makes dramatic changes in the 
properties of graphite. Lithium ions can be inserted to create 
graphite anodes for lithium ion batteries. Graphite can be 
intercalated with sulfuric and nitric acids to produce expanded 
graphite from which foils are formed that are used in seals, 
gaskets, and fuel cells. 

Refractory applications of graphite included carbon-bonded 
brick, castable ramming, and gunning mixtures. Carbon- | 
magnesite brick has applications in high-temperature corrosive 
environments, such as iron blast furnaces, ladles, and steel 
furnaces. Carbon-alumina linings are principally used in | 
continuous steel-casting operations. Alumina- and magnesite- 
carbon brick requires graphite with a particle size of 100 mesh 
and a purity of 95% to 99%. 

edem flake graphite accounted for about 66% of ка 
graphite usage in the United States. It was consumed mainly ! i 
batteries and refractories. Amorphous graphite was mainly pé 
in brake linings, foundries, refractories, steelmaking, and Mes 
applications where additions of graphite improve the giu 
the end product. Lump graphite finds use in a number of areas, 

such as steelmaking, depending on purity and particle id 

Synthetic graphite is used in more applications 1n е 
America than natural graphite and accounts for a major 
of the graphite market. The main market for high-purity 
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synthetic graphite is as a carbon raiser additive in iron and steel. 
This market consumes a substantial portion of the synthetic 
graphite. Other important uses of all types of graphite are in 

the manufacture of catalyst supports; low-current, long-life 
batteries; porosity-enhancing inert fillers; powder metallurgy; 
rubber; solid carbon shapes; static and dynamic seals; steel; 

and valve and stem packing. The use of graphite in low-current 
batteries is gradually giving way to carbon black, which is 

more economical. High purity natural and synthetic graphite are 
used to manufacture antistatic plastics, conductive plastics and 
rubbers, electromagnetic interference shielding, electrostatic 
paint and powder coatings, high-voltage power cable conductive 
shields, membrane switches and resistors, semiconductive cable 
compounds, and electrostatic paint and powder coatings. 

High purity natural and synthetic graphite have played an 
important role in the emerging noncarbon energy sector and 
have been used in several new energy applications. In energy 
production applications, graphite is used in pebbles for modular 
nuclear reactors and in high-strength composites for wind, tide, 
and wave turbines. In energy storage applications, graphite is 
used in bipolar plates for fuel cells and flow batteries, in anodes 
for lithium-ion batteries, in electrodes for supercapacitors, 
in high-strength composites for fly wheels, in phase change 
heat storage, and in solar boilers. In energy management 
applications, graphite is used in high-performance polystyrene 
thermal insulation and in silicon chip heat dissipation. These 
new energy applications use value-added graphite products, 
such as high purity, small particle size, potato shape, expanded 
graphite, and graphene. Current graphite capacity may not 
be adequate for the increasing demands of these new energy 
applications, which may require doubling the current graphite 
supply when fully implemented (O’Driscoll, 2010). 

Graphene has been referred to as “the world's next wonder 
material." This material is composed of a tightly packed single 
layer of carbon atoms that can be used to make inexpensive 
solar panels, very powerful transistors, and wafer-thin tablets 
that could be the next-generation tablet computers (Topf, 2012). 


Prices 


During 2012, graphite prices for all forms of natural 
crystalline graphite decreased for the first time since 2009, with 
median yearend prices decreasing between 3996 and 52%. Prices 
for amorphous powder graphite remained the same as during 
2011 (table 4). 

Prices for crystalline and crystalline flake graphite 
concentrates ranged from $850 to $1,800 per metric ton; prices 
for amorphous powder ranged from $600 to $800 per ton 
(table 4. The average unit value of all U.S. natural graphite 
exports increased by 1794 to $2,760 per ton in 2012 from 
$2,360 per ton in 2011. Ash and carbon content, crystal and 
flake size, and size distribution affect the price of graphite. The 
European port price of synthetic graphite in 2012 ranged from 
$7,000 to $20,000 per ton. The average unit value of synthetic 


graphite exports increased by 7% to $3,510 per ton in 2012 from 
$3, 270 per ton in 2011 (table 5). 
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Foreign Trade 


Total graphite exports decreased by 9% in tonnage to 54,900 t 
valued at $188 million in 2012 from 60,200 t valued at $191 
million in 2011. Total graphite export tonnage was 11% natural 
graphite and 89% synthetic graphite (table 5). Total natural 
graphite imports decreased by 21% in tonnage to 56,700 t in 
2012 from 71,800 t in 2011, and the value decreased by 16% to 
$68.4 million in 2012 from $81.3 million in 2011 (table 6). This 
large decrease in quantity and value was owing to a decrease 
of 9,590 t in quantity and a decrease of $11.2 million in the 
value of the “other natural crude” graphite category during 
2012. Principal import sources of natural graphite were, in 
descending order of tonnage, Mexico, China, Canada, Brazil, 
and Madagascar, which combined, accounted for 97% of the 
tonnage and 90% of the value of total imports. Mexico provided 
all the amorphous graphite, and Sri Lanka provided all the 
lump and chippy dust variety. China, Canada, and Madagascar 
were, in descending order of tonnage, the leading suppliers 
of crystalline flake and flake dust graphite. A number of other 
producing nations supplied several other natural types and 
grades of graphite to the United States; among the most notable 
were Brazil and China. 


World Review 


World production of natural graphite increased slightly in 
2012 to an estimated 1.17 Mt compared with 1.16 Mt in 2011. 
China maintained its position as the world’s leading graphite 
producer, with an estimated 800,000 t or 67% of the total global 
production. India was the second ranked graphite producer, with 
160,000 t or 13% of the total, followed by Brazil, North Korea, 
Canada, and Russia, in decreasing order of tonnage produced. 
These six countries accounted for 96% of world production 
(table 8). 

In 2012, Canada was the leading country for natural graphite 
development with a favorable outlook for new mines. Eight 
companies were exploring for graphite in Canada. This 
exploration was focused on properties in Ontario and Quebec 
(Topf, 2012). Brazil was the second leading country providing 
new natural graphite supply with a new 40,000 metric tons 
per year mine being considered by Magnesita Refratarios SA 
(Moores and others, 2012, p. 12). 


Outlook 


Worldwide demand for combined natural and synthetic 
graphite is expected to continue increasing as global economic 
conditions improve. Demand is also expected to continue 
increasing as more noncarbon energy applications that use 
graphite are developed. 

The trend of collaboration between Far Eastern and Western 
graphite producers is expected to continue. These collaborations 
have been combining superior management, processing, and 
packaging techniques of Western companies with China's 
production capabilities located in and adjacent to the largest 
markets. China offers the optimum cost-location balance. 
China had made progress in eliminating logistics challenges, 
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such as freight issues, shipping problems, and rising container 
rates (Moores, 2007; Feytis, 2010). However, during 2011, 

the Chinese Government ordered the majority of graphite 
mines under its control in Hunan Province to be closed for 
environmental and resource protection. This action is expected 
to cause future production decreases for the world's leading 
natural graphite producer. Amorphous graphite availability 
will most likely decline, while flake graphite production 

will probably remain stable (Moores, 2011). The Chinese 
Government also began restricting natural graphite exports in 
order to protect its own domestic industries (Topf, 2012). China 
will have some capacity to increase graphite flake production 
even with its recent production cap on amorphous graphite 
and its discouraging raw graphite material exports in favor 

of exports of value added products like spherical graphite for 
batteries (Moores and others, 2012, p. 12). 

The ability to refine and modify graphite is expected to be the 
key to future growth in the graphite industry. Refining techniques 
have enabled the use of improved graphite in electronics, foils, 
friction materials, and lubrication applications. Products produced 
by advanced refining technology in the next few years could 
increase profitability in the U.S. graphite industry. 

Graphene likely will not be a volume driver for graphite 
markets. It is expected to remain as a niche research and 
development product for the next 5 years unless important 
innovations are realized. Refractory end uses will remain 
the leading end market for natural graphite accounting for a 
steady 3896 of consumption through 2016 (Moores and others, 
2012, p. 12). 

The expected increase in manufacture and sales of hybrid and 
electric vehicles is likely to increase demand for high-purity 
graphite in fuel-cell and battery applications. Fuel cells are 
a potential high-growth, large-volume graphite (natural and 
synthetic) end use but are currently a very small part of 
consumption. High volumes of graphite are not expected to be 
consumed in fuel cells for many years but may be used in the 
longer term. In general, the forecasted need to double present 
graphite supplies to produce value-added graphite products for 
new energy applications has triggered reopening of shutdown 
graphite mines and development of graphite resources globally 
(O^Driscoll, 2010). | | 

Batteries are expected to be fastest increasing end-use sector 
owing to growth in portable electronics that require larget, more 
powerful and more graphite-intensive batteries. The increasing 
use of electric vehicle batteries will have an important effect 
on the graphite markets from 2014 onward, and then, only 
fully electric vehicles will have a major volume impact. The | 
battery end-use sector will increase its market share of graphite 
consumption from 8% to 1076 by 2017. Production of spherical 
graphite feedstock material will need to increase to meet the 
battery demand. Graphite 1s not dependent on the success of 
the lithium-ion battery, because natural graphite anodes are 
preferred in all — currently (Moores and 

‚ 12715). 
И оа! demand for graphite used in batteries will 
be divided between two main consuming sectors—alkaline 
batteries and lithium-ion batteries. Synthetic and natural 
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Google 


graphite are used in these batteries. In alkaline batteries, 
graphite is the conductive material in the cathode. Until 
recently, synthetic graphite was predominantly used in these 
batteries. With the advent of new purification techniques and 
more efficient processing methods, it has become possible to 
improve the conductivity of most natural graphite to the point 
where it can be used in batteries. The decision of whether to use 
synthetic or natural graphite will be based on performance and 
price. The growth of the lithium-ion battery market could have 
a more dramatic effect on the graphite market as the demand for 
mobile energy storage systems rises. 

Brake linings and other friction materials are expected to 
steadily use more natural graphite as new automobile production 
continues to increase and more replacement parts are required 
for the increasing number of vehicles. Natural graphite 
(amorphous and fine flake) is used as a substitute for asbestos 
in brake linings for vehicles heavier than cars and light trucks. 
Flexible graphite products, such as grafoil (a thin graphite 
cloth), are expected to be the fastest growing market but are 
expected to use small quantities of natural graphite compared to 
major end-use markets, such as brake linings and refractories. 

Specialized and high-tech applications require higher purity 
and more consistent products. Higher-purity graphite is being 
increasingly produced as thermal processing and acid leaching 
techniques continues. High-purity graphite has applications in 
advanced carbon graphite composites. 

The markets for graphite used in rubber and plastics 
(including Styrofoam coatings) are increasing, and continued 
growth is expected. The U.S. market for graphite in pencils has 
almost disappeared; pencil “leads” now are imported directly 
from China. These markets, however, use little graphite and are 


not expected to have a significant impact on future consumption. 


A California-based company was developing a technology 
that turns carbon dioxide emissions into high-purity synthetic 
graphite. With the world’s industrialized nations pledging to 
reduce their carbon dioxide emissions by 50% by 2050, this 
technology could become a promising new synthetic graphite 
source while helping industrialized nations reach their target 
emissions goals (Industrial Minerals, 2009). 
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Historical Statistics for Mineral and Material Commodities in 


TABLE 1 
SALIENT NATURAL AND SYNTHETIC GRAPHITE STATISTICS! 


2008 2009 2010 2011 2012 
United States: 
Natural: 
Exports: 
Quantity metric tons 7,950 11,400 5,600 6,280 6,310 
Value thousands $15,600 $21,600 $15,200 $14,800 $17,400 
Imports for consumption: 
Quantity metric tons 58,300 33,100 65,400 71,800 56,700 
Value thousands $48,100 $29,700 $52,100 $81,300 $68,400 
Apparent Consumption: 
Quantity metric tons 50,300 21,700 59,800 65,500 50,400 
Value thousands $32,500 $8,050 $36,900 $66,500 $51,000 
Synthetic: 
Production: 
Quantity metric tons 196,000 118,000 134,000 149,000 г 141,000 
Value thousands — $1,050,000 $998,000 — $1,070,000 — $1,090,000' — $946,000 
Exports: 
Quantity metric tons 54,900 35,000 40,000 53,900 48,600 
Value thousands $166,000 $109,000 $136,000 $177,000 $170,000 
Imports for consumption: 
Quantity metric tons 66,600 33,800 44,000 79,700 122,000 
Value thousands $131,000 $79,400 $119,000 $176,000 $191,000 
Apparent Consumption? 
Quantity metric tons 208,000 116,000 138,000 173,000 214,000 
Value thousands — $1,010,000 $969,000 — $1,050,000 — $1,050,000 $967,000 
“Estimated. ‘Revised. 


1 PERT = 
„Pata are rounded to no more than three significant digits. 
Domestic production plus imports minus exports. 
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the United States, Data Series 140. | 
Natural Graphite. International Strategic Minerals Inventory 
Summary Report, Circular 930–Н, 1988. 
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TABLE 2 
U.S. CONSUMPTION OF NATURAL GRAPHITE, BY END USE! 


Crystalline Amorphous” Total 
Ends Quantity Value Quantity Value Quantity Value 
TTE (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 
Brake lining ; 442 $1,680 ' 2,970 W 3,420 W 
Carbon products 308 ' 880 ' W W 622 $2,75 
Foundries* W W W W 1,810 € | s 
. 5 , 
Lubricants 596 ' 2,220 ' 169 ' W 765° 3.070: 
Powdered metals 309 1,300 309 с. 

; -- -- 1,300 
Refractories 22,600 25,300 ! W W 27,500 34,500 
ate W W wW W 396 зү 

" a 10,400 ' 19,700 ' 20,100" $112,000 " 30,4007 132,000 ' 

-— a 34,900 € 51,600 ' 30,400 142,000 65,300" 194,000 ' 
Brake lining | ПН 396 1,540 2,280 W 2,680 W 
Carbon procucts 286 905 424 W 710 2,670 
Foundries : W W 1,130 W 1,350 | ү 
Lubricants 693 2,730 W W 1,350 W 
Powdered metals 340 W -- -- 340 W 
Refractories 22,400 25,700 W 9.920 28,000 35,600 
Ет W 154 W W 337 W 
Other | 9,440 16,400 W W 16,100 59,000 
Total 33,800 49,300 17,000 70,200 50,900 119,000 


С sucus ПАН 
'Revised. W Withheld to avoid disclosing company proprietary data; included in "Total." -- Zero. 
!Data are rounded to no more than three significant digits. 

?Includedes mixtures of natural and manufactured graphite. 

Includes bearings and carbon brushes. 

“Includes foundries (other) and foundry facings. 

Includes ammunition packings. 

SIncludes antiknock gasoline additives and other compounds, batteries, crucibles, drilling mud, electrical/electronic devices, industrial diamonds, magnetic 


tape, mechanical products, nozzles, paints and polishes, pencils, retorts, sleeves, small packages, soldering/welding, steelmaking, stoppers, and other 
end-use categories. 


TABLE 3 
SHIPMENTS OF SYNTHETIC GRAPHITE BY U.S. COMPANIES, BY END USE! 


Quantity Value 
End use (metric tons) (thousands) 
2011: 
Cloth and fibers (low modulus) W W 
Electrodes 93,300 — $532,000 
Unmachined graphite shapes 8,860 122,000 
Other? |. 46,00' 432,000 " 
Total MS 149,000 " 1,090,000 ' 
2012: 
Cloth and fibers (low modulus) SN W W 
Electrodes 90,900 511,000 
Оптас теб graphite shapes 8,060 83,600 
Other 41,900 352,000 
Total __ 141,000 946,000 


pd 


"Revised. W Withheld to avoid disclosing company proprietary data; included in “Total.” 
! Data are rounded to no more than three significant digits. 

?Includes anodes, crucibles and vessels, electric motor brushes and machined shapes, 
graphite articles, high-modulus fibers, lubricants (alone/in greases), 

refractories, steelmaking carbon raisers, additives in metallurgy, and other powder data. 
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Crystalline fine, 90% carbon, -100 mesh 


TABLE 4 


REPRESENTATIVE YEAREND GRAPHITE PRICES! 


(Dollars per metric ton) 


Type 


Crystalline large, 94% to 97% carbon, +80 mesh 


Crystalline large, 90% carbon, +80 mesh 


Crystalline fine, 94% to 97% carbon, +100 mesh 


Amorphous powder, 80% to 85% carbon 


Synthetic 99.95% carbon” | 
! Prices are cost, insurance, and freight main European port, unless otherwise specified. 


2011 
2,500—3,000 
2,000-2,500 
2,200-2,500 
1,500-2,000 
1,500-1,900 
2,000-2,400 


600-800 
7,000—20,000 


?Swiss border. 


2012 
1,400-1,800 
1,200-1,600 


Crystalline medium, 94% to 97% carbon, +100—80 mesh 
Crystalline medium, 90% carbon, +100—80 mesh 
Crystalline medium, 85% to 87% carbon, --100—80 mesh 


1,050-1,400 
950—1,200 
900-1,150 
900—1,200 


1,400-1,800 


850-1,050 
600-800 


7,000-20,000 


Source: Industrial Minerals, no. 531, December 2011, p. 62; no. 543, December 2012, p. 78. 


(metric tons) 
ЕН ы eec ~ ла. А МАУ ләмәу АО ЮВЕ ЕВИ У AIRE ИЕ 09 . eM Ee EONS) ВАД 


Natural? 
Quantity Value? 

Country (metric tons) (thousands) 

2011: m 
Canada 1,590 $1,980 
China _ 277 565 
France 24 92 
Germany 425 831 
Hong Kong zn 11 62 
нау 253 450 
Јарап 722 1,930 
Korea, Republic of 62 287 
Mexico 1,360 1,620 
Netherlands 123 138 
Taiwan 91 463 
United Kingdom I 227 3,430 
Other 1,110 3,000 
Total 6,280 14,800 

2012: 

Canada 1,690 2,610 
China 376 986 
France 7 25 
Germany МР 128 299 
Hong Kong 13 67 
_ Italy 87 285 
Japan 886 2,490 
Korea, Republic of _ 89 536 
Mexico 1,340 2,680 
Netherlands uu 2 30 
Taiwan M 127 478 
. United Kingdom 90 857 
Other 1,470 6,030 
Total 6,310 17,400 


TABLE 5 
U.S. EXPORTS OF NATURAL AND SYNTHETIC GRAPHITE, BY COUNTRY"? 


Quantity Value' 
(metric tons) (thousands) 
6,170 $15,200 
5,120 25,500 
3,460 26,300 
2,740 7,800 
262 818 
1,230 6,770 
2,070 10,500 
3,390 14,300 
7,120 9,730 
162 672 
3,950 6,280 
981 2,540 
16,700 50,100 
53,900 177,000 
4,830 13,800 
4,530 15,900 
2,110 15,400 
1,770 7,570 
354 1,050 
542 1,360 
1,880 11,200 
6,510 32,700 
9,180 11,100 
398 1,390 
1,050 4,850 
1,390 2,890 
14,000 51,300 
48,600 170,000 


dec e E o РИКА РАИ трење же 
Data аге rounded to no more than three significant digits; may not add to totals shown. 
Numerous countries for which data were reported have been combined in "Other." 


— Synthetic __ 


Total 

Quantity Value? 
(thousands) 
7,160 $17,100 
5,390 26,100 
3,480 26,400 
3,170 8,630 
273 879 
1,480 7,220 
2,790 12,500 
3,450 14,600 
9,080 11,300 
285 810 
4,040 6,740 
1,210 5,970 
17,800 53,100 
60,200 191,000 
6,520 16,400 
4,900 16,800 
2,110 15,400 
1,900 7,870 
368 1,110 
629 1,650 
2,760 13,700 
6,600 33,200 
10,500 13,800 
400 1,420 
1,180 5,330 
1,480 3,740 
15,500 57,400 
54,900 188,000 


3 Amorphous, crystalline flake, lump and chip, and natural, not elsewhere classified. The applicable Harmonized Tariff 


Schedule of the United States (HTS) nomenclatures are “Natural graphite in powder or in flakes” and “Other,” 


2504.10.0000 and 2504.90.0000. 


“Includes data from applicable HTS nomenclatures 


codes 3801.10.0000 and 3801.20.0000. 
"Values are free alongside ship. 


Source: U.S. Census Bureau. 
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“Artificial graphite” and “Colloidal or semicolloidal graphite,” 


codes 
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U.S. IMPORTS FOR CONSUMPTION 


TABLE 7 


OF GRAPHITE ELECTRODES, BY COUNTRY"? 


Country 


2011: 


Canada 
China 
Germany 
India 
Japan 
Mexico 
Poland 
Russia 
South Africa 
Ukraine 
United Kingdom 
Other 

Total 


2012: 


Austria 
Canada 
China 
Germany 
India 
Japan 
Mexico 
Poland 
Russia 
South Africa 
Ukraine 


United Kingdom 


Other 


Total 


Quantity 


(metric tons) 


11,700 
26,200 
3,010 
16,300 
19,800 
16,100 
1,120 
10,000 
2,050 
1,890 
242 
1,230 
110,000 


2,000 
13,800 
18,100 

2,860 
13,200 
24,300 
10,100 

956 
10,400 
233 
1,420 
262 

858 
98,600 


Value? 


(thousands) 


$59,900 
52,500 
21,400 
37,800 
99,800 
46,800 
4,930 
27,900 
8,410 
5,200 
1,070 
6,150 
372,000 


10,200 
72,600 
63,400 
21,600 
32,500 
141,000 
33,100 
4,570 
31,600 
860 
4,190 
1,130 
5,860 
423,000 


'Data are rounded to no more than three significant digits; may not 


add to totals shown. 


?The applicable Harmonized Tariff Schedule of the United States 


(HTS) nomenclature is “Electric furnace electrodes,” code 


8545.11.0000. 
3Customs values. 


Source: U.S. Census Bureau. 
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TABLE 8 
NATURAL GRAPHITE: ESTIMATED WORLD PRODUCTION, BY COUNTRY"? 


2010 
420 ? 
92,364 ^? 
20,000 
700,000 * 
140,000 
30,000 
34,000 * 
3,783 > 
6,628 ' 
6,270 € 
7,000 ' 
14,000 
3,437 ? 


^ 


6,000 ' 
60 
5,000 


2011 
925 г 3 
105,188 ^? 
25,000 
800,000 
150,000 
30,000 


r 


3,573 "35 
7,348 ' 
6,000 ' 


T 


14,000 
3,500 


r 


5.250 "3 

6,000 ' 
60 

5,000 


(Metric tons) 

es i ыы з Мы Ne мат н т Е Дан шыл МА 

Country 2008 2009 
Austria 250 "3 750 3 
Brazil, marketable 74,831 ? 59,425 ? 
Canada 27,000 15,000 
China 650,000 450,000 
Czech Republic 3,000 -- 
India, run-of-mine* 140,000 130,000 
Korea, North 30,000 30,000 
Korea, Republic of 73,000 ^? 48,000 € 
Madagascar 4,922 "3.5 3,437 35 
Mexico, amorphous” 7,229 5,105 " 
Norway 4,100 т 4,562 ' 
Romania -- 20,000 
Russia 14,000 14,000 
Sri Lanka 6,615 ? 3,171 3 
Sweden -- 7 -- ' 
Turkey, run-of-mine — 00000. 3236? 2,400 ? 
Ukraine 5,800 5,500 
Uzbekistan 60 60 
Zimbabwe 5,134 3 2,463 ? 
_ Total 1,050,000 * 794,000 ' 


PPreliminary. 'Revised. -- Zero. 


! World totals and estimated data are rounded to no more than three significant digits; may no 


"Table includes data available through September 18, 2013. 


Reported figure. 


^Indian marketable production is 10% to 20% of run-of-mine production. 


‘Reported exports. 


Turkish marketable production averages approximately 5% of run-of- 


1,070,000 ' 
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1,160,000 ' 


t add to totals shown. 


2012 
1,000 
110,000 ° 
25,000 
800,000 


160,000 
30,000 
4,100 
8,192 
1,500 
14,000 
3,600 
5,200 
6,000 

60 
____6,000 
1,170,000 


mine production. Almost all is for domestic consumption. 
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GYPSUM 
By Robert D. Crangle, Jr. 


Domestic survey data and tables were prepared by Shonta E. Osborne, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


In 2012, the United States ranked second worldwide in the 
production of crude gypsum, with 15.8 million metric tons 
(Mt) of production and a reported value of $121 million. 

World production of gypsum in 2012 was 231 Mt, of which 
China was the world's leading producer and consumer, with 

an estimated 128 Mt of crude gypsum (table 7). As a result of 
the recovery in the U.S. economy, especially in the residential 
construction sector, 2012 crude production tonnage increased 
by approximately 50% from that of 2011. Greater demand for 
and the higher production level of crude gypsum also accounted 
for an increase in value of 4196 (table 1). Calcined gypsum 
production increased by 796 to 12.8 Mt in 2012 compared with 
11.9 Mt produced in 2011. 

The sale of synthetic gypsum increased 3% to 12.1 Mt in 
2012 (American Coal Ash Association, 2013). Coal-burning 
powerplants in the United States are required to operate sulfur 
dioxide scrubbing systems, which results in the precipitation 
of large amounts of byproduct gypsum. Because byproduct 
gypsum is available at a substantially lower cost than its mined 
counterpart, a number of wallboard production facilities have 
been constructed adjacent to coal-fired powerplants. 


Production 


Industry data for gypsum were collected by the U.S. 
Geological Survey (USGS) from semiannual and annual surveys 
of gypsum operations and from quarterly data provided by 
the Gypsum Association. In 2012, the USGS annual survey 
canvassed 112 gypsum production operations that accounted for 
all domestic output of crude, calcined, and byproduct gypsum. 
Data were available for all the operations through this survey, 
the Gypsum Association, the American Coal Ash Association, 
State agencies, and Federal agencies. Some production was 
estimated, based on employment records published by the Mine 
Safety and Health Administration. 

The United States was the second leading producer of 
gypsum in 2012, accounting for 796 of global output (table 7). 
During 2012, crude gypsum in the United States was mined by 
47 companies at 53 mines in 17 States (table 2). The leading 
crude gypsum-producing States were, in descending order, 
Texas, Oklahoma, Nevada, California, Indiana, and Iowa, which 
together accounted for 6996 of total domestic output. 

The U.S. gypsum industry consisted primarily of a few 
large, vertically integrated companies that mined gypsum and 
manufactured wallboard, plaster, and other gypsum products. 
Companies with the highest production levels of crude gypsum 
were USG Corp. (USG) with eight mines, Georgia Pacific LLC 
(GP) With seven mines, National Gypsum Co. with six mines, 
CertainTeed Corp. with six mines, American Gypsum with three 
mines, Temple-Inland, Inc. (TI) with two mines, and PABCO 
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Gypsum with one mine. In 2012, these seven companies 
produced 62% of U.S. crude gypsum. 

In 2012, domestic output of calcined gypsum increased by 7% 
to 12.8 Mt valued at $366 million (table 1); 10.9 Mt of calcined 
gypsum was used in the production of plasters and prefabricated 
products (table 3). 

In addition to mined gypsum production, synthetic gypsum 
was generated as a byproduct of various industrial processes. 
The primary source of synthetic gypsum was flue gas 
desulfurization (FGD) at coal-fired electric powerplants. Smaller 
quantities of synthetic gypsum were derived as byproducts 
of chemical processes such as acid neutralization, citric acid 
production, sugar production from sugar beets, and titanium 
dioxide production. Synthetic gypsum was used as a substitute 
for mined gypsum, principally for wallboard manufacturing, 
cement production, and agricultural purposes, in descending 
order of importance. 

Sixteen synthetic gypsum producers sold 12.1 Mt of 
synthetic gypsum during 2012, with an estimated value of 
$18.2 million. Of all the synthetic gypsum sold and used, 

63% was used for wallboard production, 15% for cement and 
concrete manufacture, 10% for mining applications, 5% for 
agricultural purposes, and the remaining 7% for a variety of 
other applications. Approximately 50% of the synthetic gypsum 
produced in 2012 was neither sold nor used, and in most cases 
was discarded (American Coal Ash Association, 2013). 

For 2012, gypsum-derived products, including agricultural 
products, cement, plasters, and wallboard totaled 12.5 Mt with 
a value of $2.31 billion. This represented a production increase 
of 10% from the 11.4 Mt produced in 2011 and a 50% increase 
in value from $1.54 billion (table 3). The large increase in value 
was mainly attributed to higher prices assessed for prefabricated 
products and portland cement. 

During 2012, eight companies manufactured gypsum 
wallboard products at 67 plants in the United States. 
Approximately 18.9 million square feet (1.8 million square 
meters) of wallboard products was shipped, a 10% increase 
compared with 2011 (table 4). 

The wallboard industry expanded rapidly between 2003 and 
2006. American Gypsum, CertainTeed, Lafarge North America 
Inc. (Lafarge NA), National Gypsum, and USG expanded their 
existing wallboard operations or opened new ones during this 
time, increasing their wallboard production capacities by more 
than 1 billion square feet. The decline in the U.S. housing 
market that began in 2007 and continued through 2010 resulted 
in flat and declining sales for most gypsum producers, and led to 
layoffs and the idling of wallboard production plants (Crangle, 
2011). Beginning in late 2010 and continuing through 2012, 
however, housing starts, an indicator of gypsum consumption in 
residential construction, increased each year. In 2012, housing 
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starts increased by 28% from those of 2011 (U.S. Census 
Bureau, 2012). 


Consumption 


In 2012, U.S. apparent consumption of domestic gypsum 
was more than 31.1 Mt, an increase of 20% compared with 
that of 2011. Domestic sources (mined crude plus an estimated 
12.1 Mt of synthetic gypsum produced) met approximately 
90% of domestic consumption requirements; imports, totaling 
3.25 МЬ satisfied the remaining need. In 2012, approximately 
51% of the gypsum consumed in the United States came from 
synthetic sources, 3% more than that of 2011. Synthetic gypsum 
continued to be a significant component of the overall gypsum 
marketplace in 2012. This was largely the result of the lower 
costs associated with the purchase and transportation of FGD 
gypsum, which is often available near the same urban centers 
where wallboard production facilities are located. 

Gypsum output is categorized as either calcined or uncalcined 
(table 3). Calcined gypsum was produced domestically from 
mined crude and synthetic gypsum to manufacture wallboard 
and plaster products. Uncalcined gypsum was used to produce 
portland cement and in agriculture. Miscellaneous uses, such as 
athletic field markings, accounted for less than 1% 
of consumption. 

In 2012, more than 99% of calcined gypsum was used in the 
production of prefabricated products, most of which consisted 
of wallboard (table 3). Type X gypsumboard, so named because 
of extra fire retardation qualities, consumed 42% of calcined 
gypsum. Half-inch wallboard accounted for 40% of total 
calcined gypsum consumption. Water- and moisture-resistant 
board, typically used in bathroom and kitchen walls, accounted 
for 1094 of calcined gypsum. Other wallboard, including lath, 
mobile-home wallboard, predecorated wallboard, sheathing, 
and veneer base composed most of the balance (table 4). 
Metropolitan areas in the South Atlantic, West South Central, 
East North Central, Pacific, and Middle Atlantic regions were, 
in decreasing order, the leading sales areas for gypsumboard 
products (table 4). | E 

As a result of improved economic conditions and a 
corresponding increase in demand from the construction 
industry for concrete, uncalcined gypsum consumption in the 
United States increased by 1376 in 2012 to 1.56 Mt. About | 
1.04 Mt, or 67%, was consumed in portland cement production 
(table 3). Gypsum is added to cement to retard its setting 
time and accounts for 294 to 496, by weight, of cement output 
(Roskill Information Services Ltd., 2009, p. 320). Most of 
the remainder of the uncalcined gypsum consumed, about 
519,000 metric tons (t), was used for agricultural purposes, 

ij h was an increase of 20% from that of 201 1. Finely ground 
x was used in agriculture and other industries to 
. е «ol · пргоме soil permeability, to add 
т 2 аи to ЊЕ catalytic support 
dap р s fertilize benefits. Small quantities of high- 
or ЕЯ also are used т а wide range of industrial 
ур АМ including the production of food, glass, paper, and 


pharmaceuticals. 
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Recycling 


Gypsum waste generated by the wallboard manufacturing 
process may be recycled. The gypsum core and paper covering N 
are separated, and the gypsum is reinjected with new material 
into the manufacturing stream. 

Several million tons of gypsum waste are generated every | 
year by building demolition, wallboard installation, and | 
wallboard manufacturing. Because labor expenses are higher А 
than wallboard prices, construction costs are lowered when full 
pieces of uncut wallboard are used in place of multiple, smaller 
remnants. As a result, between 10% and 12% of the wallboard 
used in new construction and renovation is discarded as scrap. 

Only a small portion of this waste has been recycled. In 2010, 
the Massachusetts Department of Energy and Environmental 
Affairs banned the disposal of clean wallboard from State 
waste disposal facilities (Massachusetts Department of Energy 
and Environmental Affairs, 2011). To date, no other State has 
instituted a similar regulation that addresses the disposal of 
wallboard. As landfill space becomes more scarce, recycling is 
expected to increase. In addition to recycling scrap in wallboard 
plants, wallboard scrap may also be ground and used as a 

soil conditioner. 

Wallboard manufacturers and the construction industry 
have been exploring ways to return scrap and waste wallboard 
to plants for recycling. Other potential markets for recycled 
gypsum include cement production, as a stucco additive, sludge 
drying, water treatment, grease absorption, and marking of 
athletic fields. Until costs and legislation associated with the 
disposal of scrap gypsum in landfills becomes more restrictive, 
recycling will likely continue to remain a low priority within 
the industry. 


Prices 


In 2012, the average unit values (free on board, mine or plant) 
reported by U.S. producers were $7.69 per metric ton for crude 
gypsum and $28.66 per ton for calcined gypsum (table 1). The 
average unit value for plaster reported by domestic producers 
during the year was $426 per ton (table 3). The average unit 
value of uncalcined gypsum used primarily for agricultural 
purposes was approximately $44.97 per ton, and that used in 
cement production was about $18.44 per ton (table 3). . 

During 2012, prices for gypsum wallboard increased by 38% 
and total wallboard production increased by 10% (table 4). The 
combined average price of %4-inch wallboard for 20 major U.S. 
metropolitan cities in 2012 was $245 per 100 square meters 
($228 per 1,000 square feet). From January 2012 to January 
2013, prices for 42-inch regular wallboard decreased slightly 
(Engineering News-Record, 2012, 2013). 

Average %4-inch wallboard prices during 2012 were lowest 
in St. Louis, MO ($107 per 100 square meters or $100 per 
1,000 square feet), followed by Detroit, MI ($113 per 100 : 
square meters or $105 per 1,000 square feet), and е 
OH ($129 рег 100 square meters ог $120 per 1,000 square eet). 
The highest average wallboard prices in 2012 were in Boston, 
MA ($394 per 100 square meters or $366 per 1,000 square es 
feet), followed by Philadelphia, PA ($300 per 100 square m 
or $279 per 1,000 square feet), and Seattle, WA ($288 per 
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100 square meters or $268 per 1,000 square feet) (Engineering 
News-Record, 2013). 


Foreign Trade 


In 2012, the United States led the world in international trade 
of gypsum and gypsum products (tables 5, 6). The United States 
imported crude gypsum from 10 countries and exported to 
72 countries and territories, 8296 of which went to Canada. 

Imports of crude gypsum in 2012 were slightly less than 
those of 2011 and accounted for 1196 of apparent consumption. 
Canada and Mexico accounted for 7596 of imported gypsum, 
and imports from Spain supplied most of the remainder. The 
majority of imports from Canada went to east coast plants, 
and Mexican sources chiefly served the west coast. Most of 
the crude gypsum imported by the United States from Mexico 
was produced by Compania Minera Caopas, S.A. de C.V., 
and Compania Occidental Mexicana, S.A. de C.V., in Baja 
California Sur, both of which operate mines on the Baja 
California Peninsula (Compania Occidental Mexicana S.A. 
de C.V., 2005; Compania Minera Caopas, S.A. de C.V., 2010). 
Almost all gypsum imported from Canada came from Nova 
Scotia. The completion of large wallboard manufacturing plants 
near coal-fired powerplants along the east coast may reduce 
gypsum imports in the future. 

Wallboard exports increased by 3% in 2012, totaling about 
856,000 t valued at $154 million; approximately 93% went to 
Canada. Wallboard imports increased by 26% in 2012, totaling 
297,000 t valued at $49.4 million. 


World Industry Structure 


Global crude gypsum production in 2012 was estimated to 
be 231 Mt, a 3% increase compared with that of 2011, when 
production totaled 223 Mt (table 1). In 2012, 82 countries 
produced gypsum, with the top 10 producers accounting for 
8476 of total world production (table 7). China was the leading 
producer of crude gypsum in 2012 with an estimated 128.0 Mt, 
followed by the United States with 15.8 Mt, Iran with 13 Mt, 
Thailand with 9.0 Mt, Spain with 7.1 Mt, Japan with 5.5 Mt, 
Mexico with 4.7 Mt, and Italy with 4.1 Mt. 

North American production accounted for 1096 of total crude 
gypsum production. Although the use of gypsum wallboard 
increased worldwide, only industrialized nations used gypsum 
primarily for wallboard products. In developing countries, 
especially in Asia and the Middle East, most gypsum was 
used in the production of cement or plaster products. World 
production may have been underestimated, because output 
by some foreign gypsum producers was used to manufacture 
products onsite, which may not have been reported. 
Additionally, production from small deposits in developing 
nations was intermittent and in many cases unreported. 

Worldwide, the leading use of gypsum is in the manufacture 
of cement and concrete. In 2008, the last year worldwide end- 
use data were available, cement manufacture accounted for 
up to 60% of worldwide gypsum consumption, and plaster 
products, including wallboard, accounted for approximately 
30% of all consumption (Roskill Information Services Ltd., 
2009, p. 320, 330). 


GYPSUM—2012 


Google 


As a low-value, high-bulk mineral commodity mined from 
deposits widely distributed throughout the world, gypsum 
tended to be consumed within the many countries where it 
was produced. Less than 20% of the world’s crude gypsum 
production was estimated to enter international trade. Only a 
few countries, such as Canada, Mexico, Spain, and Thailand, 
were major crude gypsum exporters; of these, Canada and 
Mexico were significant exporters because their large deposits 
were near wallboard markets in the United States. 

Estimated world production capacity for gypsum wallboard 
in 2012 exceeded 17 billion square meters per year (about 
183 billion square feet per year) at more than 250 plants 
worldwide. Approximately 20% of this capacity was in the 
United States; Asia and Western Europe each accounted for 
about 20% of capacity. 


World Review 


Asia.—Boral Ltd., Australia's leading building and 
construction materials producer, remained the leading supplier 
of wallboard in Asia in 2012. Boral operated 20 production 
facilities in 8 countries and provided exports to an additional 
30 countries (Boral Ltd., 2013, p. 24). 

Europe.—Lafarge Group (France) initiated steps to sell 
most of its gypsum operations in an attempt to focus its 
organizational efforts toward aggregates, cement, and concrete 
operations (Lafarge Group, 2012, p. 3). In 2012, Saint-Gobain 
Group’s gypsum-related operations increased sales by 3%. The 
company’s gypsum operations comprised more than 12,000 
employees at 75 gypsum quarries and 130 gypsum-product 
facilities worldwide (Saint-Gobain Group, 2013, p. 17, 55). 

Canada.—Canada produced 2.55 Mt of crude gypsum, a 
4% increase from 2.45 Mt in 2011. About 1.02 Mt, or 40% 
of Canada’s production, was exported to the United States. 

In 2012, CGC Corp. (a subsidiary of USG) redeployed its 
two self-unloading ocean vessels, which had been used to 
transport gypsum from quarries in Nova Scotia to U.S. east 
coast wallboard plants, to ship iron ore. The redeployment 
was a result of lower demand for crude gypsum as a result of 
more readily available synthetic gypsum in the United States 
(USG Corp., 2013, p. 2, 27). 

China.—In 2012, Beijing New Building Materials (BNBM), 
the largest gypsumboard producer in the world, operated 
21 wallboard plants in China with an estimated production 
capacity of 1.2 billion square meters per year. The Knauf Group 
(Germany) expanded its production capacity at its China- 
based operations by 50% (Global Gypsum, 2012). Wallboard 
has become the standard building material in commercial 
construction for nonload-bearing walls and ceilings in China, 
with an estimated 80% of all domestically consumed wallboard 
used in commercial construction (Global Gypsum Magazine, 
2011). Because gypsum use in residential construction is lower, 
the potential for substantial growth in wallboard consumption 
exists in China (Rapoza, 2013). 

Imports of corrosive wallboard from China into the 
United States continued to be an issue. The U.S. Consumer 
Product Safety Commission received approximately 4,000 reports 
of possible corrosive wallboard from residents in 43 States, 
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the District of Columbia, American Samoa, and Puerto Rico 
(U.S. Consumer Product Safety Commission, 2014). Sulfide 
gases emitted from the problematic drywall were suspected of 
damaging copper wiring and plumbing, and also posed human 
health concerns (Global Gypsum Magazine, 2010). Following 
several years of complaints regarding corrosive wallboard 
imported from China, a class-action settlement between owners of 
approximately 12,000 and 20,000 affected single-family homes, 
most of which are located in Gulf Coast and southern U.S. States, 
and Chinese wallboard manufacturer, Knauf Plasterboard Tianjin 
Co. Ltd., was pending at yearend in U.S. Federal court. 

Japan.—Yoshino Gypsum Co. Ltd., which opened Japan's 
first wallboard factory in 1921, was the leading wallboard 
producer with 16 plants throughout Japan. The company's 
combined capacity of 350 million square meters per year 
accounted for about 80% of Japan's total wallboard output 
(Global Gypsum Magazine, 2012). 

Mexico.—In 2012, gypsum production in Mexico was 
4.69 Mt, a 22% increase from that of 2011. About 1.42 Mt, 
or 30% of Mexico's 2012 crude gypsum production, was 
exported to the United States. In 2012, USG Mexico, S.A. de 
C.V., the leading manufacturer of wallboard in Mexico with 
three manufacturing facilities, produced more than 55% of 
Mexico's wallboard and reported net sales of $166 million 
(USG Corp., 2013). 


Outlook 


Residential housing prices increased nationwide in 2012 
by approximately 9% from those in 2011 (Standard and 
Poor's Financial Services, 2014). A combination of increased 
housing starts, up by more than 20% from 2011, coupled with 
historically low 30-year mortgage interest rates, provided a | 
significant boost to the housing sector in 2012, and by extension, 
the wallboard marketplace (Irwin, 2012; Freddie Mac, 2014). 
Because the residential housing market is responsible for 
approximately 6096 of the consumption of gypsum products, 

a key economic indicator used by the gypsum and wallboard 
industries is the number of new housing starts, as measured by 
the issuance of new building permits. Since 1959, the average 
number of housing starts, including multidwelling units, is 

1.5 million per year. Annual housing starts averaged about 

1.8 million during the 5 years preceding the recessionary years, 
which began in 2007. Housing starts in 2011 and 2012 were 
609,000 and 781,000, respectively (U.S. Census Bureau, 2013). 
Neither the high nor the low rates were sustainable. As the 
surplus of residential real estate dwellings constructed before 
2009 is drawn down, the Nation's annual population growth 

of more than 3,000,000, alone, may necessitate an increase in 
residential construction in the near future (Irwin, 2011; Zibel 
and Bater, 2011; U.S. Census Bureau, 2012). 

The future of FGD gypsum, following more than 20 years 
of large annual growth rates, may begin to slow as significant 
supplies of comparatively less expensive and cleaner burning 
natural gas compete with coal in the generation of electrical 
power. Should the increased production and consumption of 
domestic shale gas continue, this could lead to a corresponding 
decrease in coal consumption, and with it, a decrease in the 
production of synthetic gypsum. Shale-gas production in 2012 
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was 10.4 billion cubic feet (Bcf), which was 30% more than ( 
that of 2011, and more than eight times the 1,293 Bcf produced 

in 2007 (U.S. Energy Information Administration, 2013). The 
changeover of crude to synthetic gypsum likely will be limited | 
to FGD plants within close proximity to wallboard production 
facilities or to new wallboard plants that would be constructed 
adjacent to existing FGD plants. 

Production of synthetic gypsum may begin to stabilize. | 
In the long term, as disposal areas fill and the opening of f 
new disposal sites becomes increasingly difficult, power 
companies may consider converting electrical generation | 
plants to operate on natural gas, especially if shale-gas supplies 
continue to offer an economically attractive alternative to 
coal. Because the retrofitting of coal-fired electric powerplants 
with desulfurization systems has been accomplished for most 
plants, and less expensive natural gas is available for electrical 
generation, FGD production may stabilize. Nevertheless, the use 
of synthetic gypsum by U.S. wallboard manufactures is likely 
to continue. 

The U.S. gypsum industry has been moving toward the use of 
large-capacity wallboard plants supplied from multiple sources, 
including synthetic gypsum from coal-fired powerplants. 

These larger wallboard plants have been built in regions of 
high population and growth, which are the areas of highest 
consumption. Older and less efficient crude gypsum-fed plants 
may find it increasingly difficult to compete, but could see 

a revival with regard to the possibility of lesser amounts of 
consumed FGD. In response to increased public awareness, the 
gypsum industry may boost the recycling of scrap gypsum in its 
raw materials streams. The industry may also increase the use of 
labels, such as the Scientific Certification System Green Cross, 
which certifies the presence of recycled and recovered content in 
each product. 

Industry trends indicate significant developments abroad 
in the coming decade. The pace and magnitude of wallboard 
plant construction in Asia, particularly in China, India, and 
Thailand, suggest that the continent, with billions of potential 
consumers, will likely become one of the world’s leading 
gypsum wallboard markets. Should the economic conditions 
in the United States more favorably affect the U.S. housing | 
sector, and in turn domestic consumption for gypsum, Canada's 
gypsum production could increase. Elsewhere, wallboard 
production capacity growth and the recognition of the | 
convenience and economy of wallboard as a building material 
in Central America, Europe, India, and South America means 
that wallboard manufacturing may require increased gypsum 
production in future years. A decline in national and global 
economic conditions, however, could hamper such growth. 
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TABLE 1 
SALIENT GYPSUM STATISTICS! 


(Thousand metric tons and thousand dollars) 


2008 2009 2010 2011 2012 
United States: 
Crude: 
Production: 
Quantity 12,300 11,500 ' 10,200 " 10,500 * 15,800 
Value 91,200 84,500 ' 70,600 ' 86,200 ' 121,000 
Imports for consumption 7,330 4,220 3,330 3,330 3,250 
Synthetic gypsum sales” 9,660 8,120 10,700 11,800 12,100 
Calcined: 
Production: 
Quantity 17,900 13,400 12,400 ' 11,900 12,800 
Value 674,000 471,000 366,000 ' 340,000 366,000 
Products sold, value 2,500,000 1,480,000 1,530,000 1,470,000 2,230,000 
Exports, value 47,400 37,800 42,200 48,200 39,200 
Imports for consumption, value 7,240 6,800 7,180 7,780 7,150 
World, production 236,000 ' 230,000 " 222,000 " 223,000 " 231,000 ° 


“Estimated. ‘Revised. 
‘Data are rounded to no more than three significant digits. 
23 ource: American Coal Ash Association. 


TABLE 2 
CRUDE GYPSUM MINED IN THE UNITED STATES, BY STATE! 


а 
2011 


2012 Е 
Quantity Quantity 
Active (thousand Value Active (thousand Value 

State mines metric tons) (thousands) mines metric tons) (thousands) 

Arizona, Colorado, New Mexico 8" 1,100 " $8,310 ' 7 1,160 $10,600 
Nevada and Utah 7 854 7,170 6 1,800 18,800 
Arkansas, and Louisiana 2 W W 2 W W 
California 6' 993 ' 12,000 6 1,380 9,640 
Towa, Indiana and North Carolina 8' 2,080 ' 16,000 ' 8 3,260 23,500 
Michigan > — ~ 3 345 2,670 3 322 2,250 
South Dakota and Wyoming 2 W W 3 W W 
Kansas, Oklahoma, Texas 16" 4,330 ' 33,100 ' 18 6,750 47,300 
Тоа 52' 10,500 " 86,200 ' 53. _ 15,800 ___ 121,000 


"Revised. W Withheld to avoid disclosing company proprietary data; included in “Total.” 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
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TABLE 3 


GYPSUM PRODUCTS (MADE FROM DOMESTIC, IMPORTED, AND 
SYNTHETIC GYPSUM) SOLD OR USED IN THE UNITED STATES, BY USE! 


(Thousand metric tons and thousand dollars) 


2011 2012 
Use Quantity Value Quantity Value _ 
Uncalcined: 
Portland cement u 95] 16,000 1,040 19,200 
Agriculture and miscellaneous? 434 25,700 519 23,300 
Total 1,390 41,700 € 1,560 42,500 
Calcined: 
Plasters 75 26,700 75 32,000 
Prefabricated products! 9,910 1,470,000 10,900 2,230,000 
Total 9,980 1,500,000 11,000 2,270,000 
. Grand total 11,400 1,540,000 12,500 2,310,000 
‘Revised. 


! Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes synthetic gypsum. 
*Includes weight of paper, metal, or other materials and some synthetic gypsum. 


TABLE 4 


PREFABRICATED GYPSUM PRODUCTS SOLD OR USED IN THE UNITED STATES! 


2011 И 2012 
Quantity Quantity Quantity Quantity? 
(thousand (thousand Value (thousand (thousand 
Product square feet) metric tons) (thousands) square feet) тегіс tons) 
Veneer base 199,000 144 $23,900 199,000 144 
Sheathing 389,000 283 46,700 385,000 280 
Regular gypsumboard: 

з пећ 389,000 123 20,400 360,000 114 
hinh — O =< _ 8,620,000 3,910 647,000 9.680,000 4,390 
/g- inch $9,900 35 5,840 292,000 172 
]-inch 44,200 40 6,620 45,400 41 

Other! 177,000 80 18,600 -- i 

Total 9,290,000 4,190 698,000 10,400,000 4,720 
Type X gypsumboard E 5,770,000 4,190 462,000 6,240,000 4,530 
Predecorated wallboard W W W W W 
ii jg- inch mobile home board W W W W W 
Water- and moisture-resistant board 1,270,000 919 202,000 1,440,000 1,050 
Other 118,000 86 12,000 128,000 93 

Grand total 17,200,000 9,910 1,470,000 18,900,000 10,900 


W Withheld to avoid disclosing company properietary data; included in 


*Grand total." -- Zero. 


| я н 
Data аге rounded to no more than three significant digits; may not ада to totals shown. 


"Includes weight of paper, metal, or other materials. 
Includes '/,-, / i^ and °/,-inch gypsumboard. 
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Value 


(thousands) 


$29,400 
77,100 


20,200 
823,000 
35,100 
19,300 
897,000 
899,000 
W 

W 
288,000 
12,800 
2,230,000 


33,7 


33.8 


TABLE 5 
IMPORTS FOR CONSUMPTION OF CRUDE GYPSUM, BY COUNTRY’ 


(Thousand metric tons and thousand dollars) 


Country 
Canada? 
Mexico 
Spain 
Other 
Total 


2011 
Quantity 


1,470 
1,230 
628 

2 
3,330 


Value 
19,800 
11,900 
11,900 
416 
44,000 


2012 
Quantity Value 
1,020 12,900 
1,420 14,600 
809 12,800 
1 286 
3,250 40,600 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


“Includes anhydrite. 


Source: U.S. Census Bureau. 


TABLE 6 


U.S. GYPSUM AND GYPSUM PRODUCTS FOREIGN TRADE! 


(Thousand metric tons and thousand dollars) 


Е = 


Plasters' 


Crude? 
Year Quantity Value 

Exports: 

2011 316 20,000 

2012 408 28,800 
Imports for consumption: 

2011 3,330 44,000 

2012 3,250 40,600 


307 
140 


14 
17 


Quantity Value 


48,200 
39,200 


7,780 
7,150 


Boards' Other, Total, 
Quantity Value value? value 
833 149,000 68,600 286,000 
856 154,000 57,000 279,000 
235 30,800 34,700 117,000. 
297 49,400 42,400 140,000 


!Data are rounded to по more than three significant digits; may not add to totals shown. 
?Data are for “Gypsum, anhydrite,” Harmonized Tariff Schedule of the United States (HTS) code 2520.10.0000. 


3Data аге for “Plasters,” HTS code 2520.20.0000. 


^Data are for “Boards, sheets, panels, tiles, and similar articles, not ornamented—Faced or reinforced with paper or paperboard 


only,” HTS code 6809.11.0000. 


5Data are for “Boards, sheets, panels, tiles, and similar articles, not ornamented: Other,” HTS code 6809.19.0000, and “Other 


articles,” HTS code 6809.90.0000. 


Source: U.S. Census Bureau. 
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(Thousand metric tons) 
Country’ 2008 2009 2010 2011 2012° 
Afghanistan 49 46 63 62 • 65 
Albania‘ 78 4 78 80 80 80 
Algeria 1,672 1,757 1,610 1,650 * 1,700 
Argentina 1,257 1,355 ' 1,347 ' 1,453 € 1,400 
Armenia 46 40 39' 34 ' 36 
Australia 3,734 3,430 | 3,000 ^* 3,000 ' 2,500 
Austria, gypsum and anhydrate 1,087 911 872 815' 820 
Azerbaijan 38 46 48 101 ' 102 
Вћшап 248 300 344 340 ' 300 
Bolivia 4 2 ] 1 ] 
Bosnia and Herzegovina 150 74 65 12.' 75 
Brazil 2,239 2,348 2,638 ' 3229' 3,230 
Bulgaria*? 210 128 4 130 130 130 
Burma 82 98 81 50 ^* 50 
Canada? 5,740 3,540 3,046 ' 2,449 ' 2,550 Р 
Chile 774 724 758 918 799 * 
China* 125,000 ' 126,000 ' 126,500 ' 127,000 ' 128,000 
Colombia* 200 4 190 200 200 200 
Croatia 330 234 240 * 240 * 235 
Cuba* (6) (6) (6) (6) (6) 
Cyprus 406 ' 317" 333 ' 335 ' 335 
Czech Republic* 35 13 4 5 11 14 
Dominican Republic’ 563 ' 196 ' 188 ' 144 ' 302 ^ 
Egypt? 456 735 942 ' 900 "° 900 
El Salvador МА! NA‘ МА ' МА МА 
Eritrea* || 1 1 | 1 
Е орао > 33 ^ 36 36 36 36 
France*? 2,339 4 2,300 2,300 2,300 2,300 
Germany, marketable” 2,112 1,898 1,822 2,021 1,949 * 
Greece”? 500 500 500 500 400 
Guatemala 127 19 59" 46 ' 52 
Honduras МА ' NA‘ МА: МА' МА 
Нипрагу“ > 16 "^ 20 "4 20 3' 5 
India* 2,550 2,600 2,650 2,700 2,150 
Indonesia" 6 81 7 8 8 
d _ 11,251 13,616 | 11,914 ' 12,000 7“ 13,000 
ela d n r 
Tem pr > i Pn d T 
ва о о о ооо 4,139 * 4,130 4,130 4 a x 
Jamaica" 238 230 230 e er 
Е 96 ' 100 
Japan 5,800 5,750 5,700 5,600 5,500 
Јогдап 232 304 292 255" 275 
Kenya? 5 5 6 Ju 7 
Laos* 715 715 553 54 686 55 690 
Latvia‘ 230 230 230 230 230 
Lebanon‘ 85 100 105 105 ' 100 
Libya® 250 250 250 125: 100 
Luxembourg? МА" МА“ МА ' МА‘ МА 
Маседота 242 155 143 163 158 4 
Mauritania 44 37 71 75 * 75 
Mexico? 5,135 5,757 3,560 3,838 4.693 4 
Moldova 333' 94° 100° 101° 115 4 
Morocco" 600 600 600 600 500 
Nicaragua! 50° 37° 20" 30' 4 
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TABLE 7 
GYPSUM: WORLD PRODUCTION, BY COUNTRY"? 


33.9 


33.10 


Niger 


Nigeria" 
Oman 
Pakistan 


Paraguay 


- 1927) ______________________——--- = 


Регџ 


Se Ss ee 


Poland? 


Portugal" 


Qatar? 
Romania? 


Russia? 

Saudi Arabia" 
Serbia 
Slovakia? 
South Africa 
Spain? 

Sudan" 
Switzerland" 
Syria 
Tajikistan" 
Tanzania? 
Thailand 
Tunisia“ 
Turkey 
Turkmenistan‘ 
Џрапда“ 
Ukraine 
United Arab Emirates" 
United Kingdom"? 
United States? 
Uruguay 


Venezuela" 
Yemen* 
Total 


TABLE 7—Continued 
GYPSUM: WORLD PRODUCTION, BY COUNTRY 2 


(Thousand metric tons) 


2008 
9 4 
300 


(6) 
1,158 
200 
1,700 
12,300 


r 


7 
100 ' 


236,000 € 


*Estimated. PPreliminary. ‘Revised. NA Not available. -- Zero. 


| : 
World total, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


?includes data available through July 17, 2014. 


2009 


(6) 

711 

200 

1,700 
11,500 ' 


г 


7 
100 


230,000 ' 


1,700 
10,200 ' 


г 


7 
100 ' 
222,000 * 


2011 
9 


320: 
1,254 € 
950 =° 


5 


430% 
1,200 ^* 
337 ' 


135 
` 600 
3,000 


2,300 ' 
МА ' 
100 =° 
476 ' 

7,100 "“ 

13' 
300 ' 
400 * 


16° 
39 € 
8,955 ' 


534 4 


2,113 € 
100 
(6) 
676 € 
100 
1,700 
10,500 ' 


T 


7 
100 ' 
223,000 ' 


(6) 
680 
50 
1,700 
15,800 ^ 
7 
100 
231,000 


3 Es А Е 
In addition to the countries listed, El Salvador, Honduras, Luxembourg, Mongolia, and Serbia produced gypsum, but available 


information is inadequate to make reliable estimates of output levels. 


‘Reported figure. 
‘Includes anhydrite. 
SLess than У unit. 


7 EM . 
Dominican Republic's gypsum production is reported both in metric tons, as shown ab | i 
3 ove, and in cubic meters, as follows: 2008— 
190,804; 2009—66,137; 2010—63,582; 2011—48,785; and 2012—102,068. 


5Data аге for years beginning March 21 of that stated. 


?Excludes byproduct gypsum. 
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HELIUM 
By John E. Hamak! 


Sales of Grade-A helium (99.9959 or greater purity) by private 
industry were 48.0 million cubic meters? (1.73 billion cubic feet) 
in the United States in 2012, and exports by private producers 
were 85.0 million cubic meters (3.06 billion cubic feet) for total 
sales of 133 million cubic meters (4.79 billion cubic feet) of 
U.S. helium, a slight increase from that of 2011 (table 1). During 
2012, domestic helium sales remained steady, and helium exports 
increased slightly compared with those of 2011. 


Legislation and Government Programs 


The Helium Privatization Act of 1996, Public Law 104.273, 
directed the Federal Helium Program to discontinue production 
and sale of refined helium by April 9, 1998. The Act also 
directed the Government to offer for sale the helium stored in 
the Federal helium reserve, in excess of 600 million cubic feet, 
between January 1, 2005, and January 1, 2015. 

The Act called for a National Academy of Sciences (NAS) 
study to determine the impact of selling the reserve using the 
pricing mechanism described in the Act. The first study was 
completed in 1998. Operational problems experienced by 
the helium plants in Algeria and Qatar during 2005 and the 
continued increase of helium exports from the United States 
have had an impact on pricing (helium suppliers increased 
the price of helium) and availability of cryogenic helium 
(helium supplies were disrupted), in particular, to the scientific 
community. During 2009, the NAS initiated a second study to 
reevaluate the impact of selling the reserve under the existing 
pricing mechanism to determine whether adjustments were 
needed that would optimize future availability of helium 
for its many scientific and industrial uses. The second study 
was completed in January 2010, and some recommendations 
by the NAS have been implemented by the U.S. Bureau of 
Land Management (BLM). One of the more noteworthy 
recommendations was to increase helium prices by developing a 
pricing strategy that better reflected market-based helium prices. 

The sale and disposal of the Exell Helium Plant in 
December 2010 completed all closure requirements for helium 
production by the Federal Government. 


Production 


In 2012, 10 companies operated 16 privately owned domestic 
helium plants; an additional 5 plants were idle during the year. 


m 


'Lead General Engineer, Helium Resources Evaluation, U.S. Bureau of Land 
Management, Amarillo Field Office—Helium Operations, Amarillo, TX. 

"АП metric helium volumes herein are at 101.325 kilopascals absolute 
(14.696 pounds per square inch absolute) and 15 °C (59 °F). Helium volumes, 
reported in parentheses following metric units, are measured in cubic 
feet at 14.7 pounds per square inch absolute and 70 ?F— 1,000 cubic feet 
(14.7 pounds per square inch absolute and 70 °F) equals 27.737 cubic meters 
(101.325 kilopascals absolute and 15 *C) and 1 cubic meter (101.325 kilopascals 


and 15 *C) equals 36.053 cubic feet (14.7 pounds per square inch absolute 
and 70 ?F). 
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Of the 16 operating plants, 10 extracted crude helium from 
natural gas, and 8 plants produced Grade-A helium. Three of 
the idle plants were crude helium plants and two were Grade-A 
helium plants. No new helium plants came online in 2012. All 
but two extraction plants used cryogenic extraction processes. 

Total sales of U.S.-produced helium in 2012 increased slightly 
compared with those of 2011. АП natural gas processed for 
helium recovery came from gasfields in Colorado, Kansas, 
Oklahoma, Texas, and Wyoming (figure 1). During 2012, 

9 private plants purified helium by using pressure swing 
adsorption technology. Eight privately owned plants that 
produced Grade-A helium also liquefied helium. Plant operators 
and locations are listed in table 2. 

Domestic production data for helium were developed by 
the BLM from records of its own operations as well as from 
its high-purity helium survey, an annual voluntary canvass 
of private U.S. operations. Of the eight operations to which a 
survey request was sent, all responded, and those data plus data 
from BLM operations represent 100% of the total helium sales 
and recovery data listed in table 3. 

About 5% less helium was produced from the Government's 
helium reserve at Cliffside field in 2012 than during 2011. Most 
domestic helium production comes from the Midcontinent and 
Rocky Mountain regions of the United States. The measured 
helium reserves from which helium is produced are located in 
approximately 102 gasfields in 11 States. Most of these reserves 
are contained in the Hugoton field in Oklahoma, Kansas, 
and Texas; the Panoma field in Kansas; the Keyes field in 
Oklahoma; the Panhandle West and Cliffside fields in Texas; and 
the Riley Ridge area in Wyoming. 

During the past 2 years, considerable efforts were focused on 
digitizing the information in the helium resources database, with 


the main goal of producing an updated map of helium reserves 
in the United States by 2014. 


Consumption 


In 2012, private industry supplied 10094 of domestic helium 
for U.S. consumption. The major domestic end uses of helium 
were cryogenics (26%), controlled atmospheres (22%), 
pressurizing and purging (17%), and welding (17%); other uses 
included chromatography, cryogenics, lifting gas, and magnetic 
resonance imaging applications dominated liquid helium use 
Estimated 2012 domestic consumption by end use was based О 
revised figures for a 2009 end-use survey conducted by BLM’ : 
Helium Operations to determine trends in helium usage | 

In 2012, U.S. domestic helium consumption remained 
unchanged at 48.0 million cubic meters (about 1.73 billion 
cubic feet) compared with consumption for 2011. During 201 
U.S. helium exports increased slightly to 85 million d | 


meters (about 3.06 billion cubic feet), com . 
2011 (table 1). ) pared with those of 


34,1 
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In-kind crude helium sales regulations (43 CFR part 3195) 
require helium refiners that sell helium to Federal agencies and 
their contractors to buy an equivalent amount of crude helium 
from the BLM. In 2012, in-kind crude helium sales were about 
4.3 million cubic meters (154 million cubic feet). The sales were 
made to eight companies through contracts with the BLM. 


Stocks 


The volume of helium stored in the BLM helium conservation 
storage system, including the conservation pipeline network 
and the Cliffside field, totaled about 338 million cubic meters 
(12.2 billion cubic feet) on December 31, 2012. The storage 
system contained crude helium purchased under contract 
by the Government from 1962 to 1973 and privately owned 
helium extracted by industry from natural-gas-supplying 
fuel markets and stored under contract. This privately owned 
helium is returned to the owners as needed for purification 
to supply private demand. During 2012, 10.4 million cubic 
meters (376 million cubic feet) of privately owned helium 
was delivered to the BLM's helium conservation system, and 
68 million cubic meters (about 2.4 billion cubic feet) were 
withdrawn, for a net decrease of 57.6 million cubic meters 
(2.02 billion cubic feet) of private helium in storage (table 4). 


Transporíation 


Private producers and (or) distributors shipped helium, 
predominantly as a liquid, in semitrailers, which delivered the 
liquid helium to distribution centers, where some of it was 
gasified and compressed into trailers and small cylinders for 
delivery to end users. The remaining liquid helium was sold as 
bulk liquid or repackaged in Dewars of various sizes for delivery. 


Prices 


In fiscal year 2012, the price that the BLM charged private 
companies for crude helium was $3.03 per cubic meter 
($84.00 per thousand cubic feet), 12.2% higher than that 
of 2011. The BLM crude helium price is set by the Helium 
Privatization Act of 1996 and is adjusted yearly based on the 
Consumer Price Index for the previous year and costs of the 
helium program. 


Foreign Trade 


According to the U.S. Census Bureau, in 2012, exports of 
Grade-A helium increased to 85.0 million cubic meters (3.06 
billion cubic feet), a slight increase compared with those of 
2011 and accounted for about 64.0% of sales of U.S.-produced 
helium; private industry supplied all U.S. helium exports. 
Regionally, Asia received 47% of the helium exported from the 
United States; Europe, 2696; North America, Central America, 
and the Caribbean, combined, 16%; South America, 8%; the 
Middle East and Africa, combined, 2%; and Australia and New 
Zealand, combined, 196. For 2012, import tariffs on helium 
remained at 3.796 for normal trade relations (NTR) nations and 
25% for non-NTR nations. 
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World Review 


Total world production was approximately 173 million 
cubic meters (about 6.24 billion cubic feet) in 2012. Excluding 
the United States, world production capacity of helium was 
estimated to be about 40.0 million cubic meters (1.43 billion 
cubic feet) in 2012 (table 5). Helium was produced in Algeria, 
Australia, Poland, Qatar, and Russia. Worldwide, several new 
helium plant projects were scheduled for startup between 2013 
and 2018. 


Outlook 


From 2007 through 2012, the total global market for 
U.S. produced helium increased steadily by about 3.5% per 
year. Owing to the slow U.S. economic recovery, U.S. domestic 
helium consumption is expected to remain stable during 2013. 
Because of increased capacity of foreign plants and lower 
helium production in the United States, exports are expected to 
decrease during 2013. 
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TABLE 1 
TOTAL SALES OF GRADE-A HELIUM 
PRODUCED IN THE UNITED STATES! 


(Million cubic meters) 


Volume 

Domestic Total 

Year sales Exports? sales 
2008 59.6 69.9 130 
2009 46.5 71.1 118 
2010 51.2 76.8 128 
2011 48.0 84.0 132 
2012 48.0 85.0 133 


!Data are rounded to no more than three 
significant digits; may not add to totals shown. 
*Source: U.S. Census Bureau. 


TABLE 2 
OWNERSHIP AND LOCATION OF HELIUM EXTRACTION PLANTS IN THE UNITED STATES IN 2012 


Owner or operator Location Product purity 
Air Products Helium, Inc. Hansford County, TX Grade-A helium.’ 
, Do. Liberal, KS Do. 
BP America Production Co. Sunray, TX Crude helium. 
DCP Midstream, LLC Cheyenne Wells, CO Crude and Grade-A helium. ' 
Do. Hansford County, TX Crude helium. 
Do. Liberal, KS Do. 
_ Do. Borger, TX Do. 
EnCana Oil & Gas (USA) Inc. Moab, UT? Crude and Grade-A helium.! 
ExxonMobil Gas Marketing Co. Shute Creek, WY Do. 
IACX Energy Otis, KS Crude helium. 
K-L Energy Partners, LLC Lakin, KS? Do. 
Linde Global Helium, Inc. Otis, KS Grade-A helium.! 
LINN Energy, LLC Ulysses, KS Crude helium. 
Midstream Energy Services, LLC Keyes, OK Crude and Grade-A helium.’ 
Nacogdoches Oil & Gas, Inc. Shiprock, ММ? Grade-A helium. 
ONECK, Inc. Bushton, KS? Crude helium. 
Do. Scott City, KS? Do. 
Pioneer Natural Resources Co. Fain, TX Do. 
Do. Satanta, KS Do. 
Praxair, Inc. Bushton, KS Grade-A helium.! 
Do Ulysses, KS Do 


Do. Ditto. 


"Including liquefaction. 
*Plant did not produce helium during 2012. 
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TABLE 3 
HELIUM RECOVERY IN THE UNITED STATES 


(Thousand cubic meters) 


1 


2008 2009 2010 
Crude helium: 
Bureau of Land Management (BLM) sold (in-kind 
and open market) PEN 50,300 30,200 66,000 
Private industry: 
Private helium accepted and stored by BLM 21,600 15,800 12,400 
Helium withdrawn from storage -71,500 -55,400 -65,200 
Total net helium put into storage -49,900 -39,600 -52,800 
Grade-A helium: 
Private industry sold 129,500 117,600 127,900 
Total helium stored -49,900 -39,600 -52,800 
Helium recovery from natural gas 79,600 78,000 75,100 


2011 


63,800 


10,900 


. -72,000 


-61,100 


132,300 
-61,100 
71,200 


2012 


60,600 


10,400 
-68,000 


-57,600 


133,000 
-57,600 


a ———————————————————— 
M ———— 


75,400 


Negative numbers denote а net withdrawal from BLM's underground storage facility, a partially depleted natural gas reservoir 


at the Cliffside field near Amarillo, TX. 


TABLE 4 


SUMMARY OF BUREAU OF LAND MANAGEMENT HELIUM CONSERVATION STORAGE SYSTEM OPERATIONS"? 


(Thousand cubic meters) 


2010 
Helium in conservation storage system on January 1: ___ 
Stored under BLM conservation program" 500,500 
Stored for private producers under contract Е 18,600 
Total Е № i | 519,100 
Input to system: 
Net deliveries from BLM plants 24 
Stored for private producers under contract 12.400 
Total? NEA | 12,400 
Redelivery of helium stored for private producers under contract -65,200 
Net addition to system’ Е Е 5 -52,800 
Helium in conservation storage system on December 31: _ 
Stored under BLM conservation program? 433,000 
Stored for private producers under contract 31.800 
Total” | 464,800 


Revised. -- Zero. 


!Crude helium is injected into or withdrawn from BLM's underground storage facility, a partiall 


at the Cliffside field near Amarillo, TX. 


Мера ме numbers denote а net withdrawal from BLM's underground storage facility. 


ИШЕНИШЕТ 201 20k 


_ 2012 

433,000 363,400 
31,800 34,400 
464,800 397,800 
10,900 10,400 
10,900 10,400 
-72,000 -68,000 
-61,100 -57,600 
363,400" 301,400 
34,400 36,900 
397,800" 338,300 


y depleted natural gas reservoir 


3Net additions to system do not include in-kind crude sales or transfers. Totals, however, do include crude sales and transfers. 
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TABLE 5 
WORLD GRADE-A HELIUM 
ANNUAL PRODUCTION CAPACITY 
AS OF DECEMBER 31, 2012 


(Million cubic meters) 


mE Capacity 
United States! _ с 132 
Retofwold = EE... 
To о 20 12 
*Estimated. 
‘Includes plants on standby as well as operating 
plants. 
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FIGURE 1 
MAJOR U.S. HELIUM-BEARING NATURAL GAS FIELDS 
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The Panoma Gasfield underlies the western 
two-thirds of the Hugoton field in Kansas 
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FIGURE 2 


HELIUM RECOVERY IN THE UNITED STATES, 1960-2012 


160 
a 1*"1^»l"lll RECOVERED 
PIRE SOLD 
120 
N 
^2 
ж | 
> 
О 
m 80 Stored 
О 
2. 
О 
ki 2800 
= 
> 
40 
20 
0 
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 
YEAR 
FIGURE 3 
ESTIMATED HELIUM CONSUMPTION, BY END USE, IN THE UNITED STATES IN 2012! 
(Million cubic meters) 
Chromatography/ 
lifting gas/heat transfer, 
5.8 (12%) Cryogenics, 12.6 (2694) 
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Leak detection, 1.9 (4%) 10.6 02%) 
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Тога! helium used in the United States in 2012 was estimated to be 48.3 million cubic meters. 
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INDIUM 
By Amy C. Tolcin 


Domestic tables were prepared by Wanda G. Wooten, statistical assistant, and the world refinery production table was 


prepared by Glenn J. Wallace, international data coordinator. 


All refined indium produced in the United States during 2012 
came from the refining of lower grade imported indium metal. 
Two refineries, one in New York and the other in Rhode Island, 
produced the majority of domestic indium metal and indium 
compounds in 2012. A number of smaller companies produced 
specialty indium alloys and other indium products. During 2012, 
U.S. imports for consumption of unwrought indium metal and 
indium powders totaled 109 metric tons (t), a 25% decrease 
from the 146 t imported in 2011 (table 1). Globally, refined 
indium production was estimated to have increased by 8% in 
2012 from that of 2011 (table 3). 


Production 


Globally, zinc concentrates were the principal source of 
primary indium. Although the United States was a significant 
producer of zinc concentrates, primary indium was not known 
to be recovered from these concentrates. Two indium-containing 
deposits were actively being developed in the United States in 
2012—Lithic Resource Ltd.’s (Vancouver, British Columbia, 
Canada) Crypto zinc-copper-silver-indium deposit (renamed 
the West Desert Project in January 2013) in Utah and Mexivada 
Mining Corp.’s (Vancouver) Jefferson gold-silver-tellurium- 
indium deposit in Nevada. 

In the United States, indium metal was not produced as a 
byproduct at any zinc or lead refinery. Domestic production 
of indium consisted of upgrading imported indium metal 
and powder. Lower grade (99.97%) and standard-grade 
(99.99%) imported indium was refined to purities of as much 
as 99.99999%. Indium metal was sold in various forms (foil, 
Ingot, powder, ribbon, wire, and others). Indium Corp. of 
America (ICA) (Utica, NY) and Umicore Thin Film Products 
(Providence, RI, a division of Umicore NV, Brussels, Belgium) 


accounted for the majority of U.S. production of indium metal 
and products. 


Consumption 


Indium Tin Oxide.—Production of indium tin oxide (ITO) 
was the leading use of indium. ITO production was estimated to 
account for 55% to 85% of global indium consumption. ITO is 
a transparent conducting oxide, principally used as a thin-film 
coating on flat-panel displays—most commonly, liquid crystal 
displays (LCDs). Global ITO production capacity increased 
by 7% in 2012 from that of 2011 to 2,110 metric tons per year 
(t/yr), and the leading three ITO producers accounted for 9094 
of capacity. ITO production capacity was concentrated in Japan 
"s the Republic of Korea. Significant quantities of ITO were 
: о produced in China and Taiwan. In the United States, ITO 

as produced by AIM Specialty Materials USA (Cranston, КІ), 
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Exotech Inc. (Pompano Beach, FL), ICA, 5N Plus Inc. (Saint 
Laurent, Quebec, Canada), and Umicore (Burton, 2012; 
Roskill's Letter From Japan, 2013b). 

Alloys and Solders.—Alloys and solders were the second 
leading global end use of indium. Indium-containing solders 
have lower crack propagation and improved resistance to 
thermal fatigue when compared with tin-lead solders. They 
also inhibit the leaching of gold components in electronic 
apparatus. Certain indium alloys can be used as bonding agents 
between nonmetallic materials, such as glass, glazed ceramics, 
and quartz. Indium was also used in dental alloys and in white 
gold alloys. Other indium alloys were used as a substitute for 
mercury and for nuclear control rods. 

Other.—Another important use of indium was for III-V 
semiconductor materials for light-emitting diodes (LEDs) 
and laser diodes. In indium-based semiconductors, indium 
antimonide, indium arsenide, or indium phosphide can be used 
as the substrate, and several indium-containing compounds 
can be used as the epitaxial layer (or substrate coating), such 
as indium gallium arsenide. Indium-based LEDs were used 
to transmit data optically and in displays. Indium-based laser 
diodes were used in fiber-optic communications. Indium 
consumption for the production of semiconducting compounds 
for LEDs and laser diodes was thought to have increased in 
2012 from that of 2011; the value of the total global LED 
lighting market increased by 5496 during 2012. The value of 
Japan's shipments of indium phosphide increased by 596 during 
April-September 2012 compared with shipments during the 
same period of 2011 owing to a rise in fiber optic network 
installations in China (O'Neill, 2013; Roskill's Letter from 
Japan, 2013a). 


Prices 


In 2012, the average annual Platts Metals Week New York 
dealer price range for indium [99.99% minimum purity in 
minimum lots of 50 kilograms (kg)] was about $520 to $550 
per kilogram. Indium prices began the year ranging from $630 
to $670 per kilogram and steadily declined during the year 
averaging $560 to $585 per kilogram in the first quarter, $540 
to $560 per kilogram in the second quarter, $500 to $530 per 
kilogram in the third quarter, and $490 to $530 per kilogram in 
the fourth quarter. At yearend, prices ranged from $490 to $520 
per kilogram. 

According to Platts Metals Week, the ICA produc | 
for indium [99.97% purity, 1-kilogram bars n lots а ЊЕ 
(10,000 troy ounces)] began the year at $785 per kilogram ik 


lowered the price to $580 per kilogram in earl 
. Ma б 
remained for the rest of the year. ш ы, 


Foreign Trade 


During 2012, U.S. imports for consumption of unwrought 
indium metal and indium powders totaled 109 t, a 2596 decrease 
from the 146 t imported in 2011. Leading suppliers in 2012 
were Canada (24%), the Republic of Korea (1796), Japan (16%), 
and China (1496). Data on indium exports were not available as 
there was no exclusive domestic export classification code for 
unwrought indium and indium powders. 


World Review 


Australia. —Operations at the Baal Gammon polymetallic 
(copper-tin-silver-indium) mine [owned by Monto Minerals 
Ltd. (West Perth)] were suspended from April through October 
while the operating company, Kagara Ltd. (Perth), carried out 
an environmental evaluation at the mine following a potential 
discharge of contaminated water. In December, Kagara sold 
its North Queensland Central Region assets, including the 
Minerals Rights Agreement to operate the Baal Gammon Mine, 
to Snow Peak Mining Pty. Ltd., an investment group associated 
with Consolidated Tin Mines Ltd. (Cairns North). Inferred 
and indicated resources at Baal Gammon were 2.8 million 
metric tons (Mt) containing 39 grams per metric ton of indium 
(Monto Minerals Ltd., 2012a, p. 11, 16; b). 

Belgium.—Indium metal was produced at Umicore’s precious 
metals refinery at Hoboken. A plant at the refinery recovered 
indium from dusts and residues generated by the facility's lead 
refinery. The facility also reclaimed copper, gallium, indium, 
and selenium from scrap copper-indium-gallium-diselenide 
(CIGS) solar cells, which the company then used in the 
manufacture of new CIGS solar cells. 

Bolivia. —Sinchi Wayra S.A. (a subsidiary of Glencore 
International plc, Baar, Switzerland) was a significant producer 
of indium-bearing concentrates in Bolivia, which were exported 
and processed elsewhere. 

In August, South American Silver Corp. (Vancouver) — 
received an official Nationalization Decree from the Bolivian 
Government for the Malku Khota silver-indium project in 
Potosi, and shortly thereafter, the Bolivian State Mining Co. 
(COMIBOL) took over operations and exploration work at | 
the site. In response, South American Silver announced that it 
would seek full compensation for the project. In October, the 
Bolivian Government contended that South American Silver 
was operating illegally in the country and denied that it owed 
the company compensation for tbe expropriation of its mining 
concessions. In April 2013, South American Silver announced 
that it had filed international arbitration proceedings against the 
Government of Bolivia through the United Nations Commission 
on International Trade Law. South American Silver discovered 
Malku Khota in 2007 and reportedly invested more than 
$16 million in its development (South American Silver Corp., 
2012; 2013; Ministerio de Mineria y Metalurgia, Bolivia, 2013). 

Brazil. —Votarantim Metais Ltda. (São Paulo) continued 
construction of the polymetallic plant at its Juiz de Fora 

j Iter. The plant was designed to recover metals from 
са Ls ining wastes, such as electric arc furnace dust and 
шо dies as well as ores with a low zinc content. Upon 
nk the plant was expected to increase zinc production 
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capacity at Juiz de Fora by 15,000 t/yr and recover refined 
indium (American Metal Market, 2011). 

Canada.—Refined indium was produced at Teck Resources 
Ltd.'s (Vancouver) metallurgical complex at Trail, British 
Columbia, as a byproduct of processing lead-zinc concentrates. 

Several indium-containing deposits were being explored or 
were under development in Canada, including Adex Mining 
Inc.'s (Toronto) North Zone deposit in southwestern New 
Brunswick, Alexco Resource Corp.'s (Vancouver) Onek Mine 
deposit in northern Yukon, Avalon Rare Metals Inc.’s (Toronto) 
East Kemptville deposit in southwest Nova Scotia, and Silver 
Range Resources Ltd.'s (Vancouver) Silver Range deposit in 
southern Yukon. 

China.—China was the leading producer of refined indium, 
accounting for more than one-half of global primary production. 
Production was estimated by the USGS to have increased by 
7% from that of 2011 to 405 t owing to a rise in output at small- 
scale facilities (table 3). The China Nonferrous Metals Industry 
Association, which may not have accounted for all the small- 
scale producers, reported that production was 383 t of indium, 
9 t less than the amount produced in 2011 (Antaike Minor 
Metals Monthly, 2013c). 

China's indium consumption has increased in the past few 
years alongside an increase in domestic ITO production and 
was estimated to be about 60 t in 2012. Five Chinese companies 
were reported to have consumed indium for the production of 
ITO in 2011 (latest data available), including, Liuzhou Huaxi 
Indium Material Co. Ltd., Ningxia Orient Tantalum Industry 
Co. Ltd., Weihai Lanhu Special Materials Co. Ltd., Yunnan Tin 
Group Co. Ltd., and Zhuzhou Smelter Group Co. Ltd. Most 
of the ITO produced in China was manufactured using cold- 
sintering compression, which made it suitable for use in only 
twisted nematic (TN)-type LCDs. TN-type displays are relatively 
inexpensive and are commonly found in digital calculators, 
clocks, and watches. Chinese indium producers reportedly urged 
domestic LCD panel manufacturers to invest in ITO production. 
technology that would yield high-quality ITO sputtering targets in 
mass quantities. Chinese LCD panel manufacturers mostly source 
ITO targets from imports (Yao, 2011b; Antaike Minor Metals 
Monthly, 2013b; Metal-Pages, 2013). 

Despite domestic production being significantly greater | 
than consumption, China became a net importer of indium in 
2012 owing to a decline in global demand for indium and an 
increase in domestic investment and trading activity during 
the year. Large amounts of indium metal began to accumulate 
in commodity exchange warehouses in China—including the 
Kunming Fanya Nonferrous Metal Exchange, the Pan Asia 
Gold Exchange, and the Wuxi Stainless Steel Exchange— 
after the exchanges were opened to private investors. Reports 
indicated that 50 t of indium were delivered to Wuxi in n 
and that the Kunming Fanya held 496 t of indium in Decem^e 

] Bulletin, 2012b, Antaike 
(American Metal Market, 2012; Metal bul т 
Minor Metals Monthly, 2013a, c). In addition, China 3 А 
Reserve Bureau, which maintained a national stockpile о 
strategic materials, purchased 80 t of indium in 2012 ae 
several state-owned smelters, including Zhuzhou eee 
Group Co. Ltd. and Hunan Zine Co. Ltd. (Cammell, 20122; 


Metal Bulletin, 2012а). 
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According to China's customs statistics, China imported 
31 t of refined indium in 2012, mostly from the Republic of 
Korea. The indium export quota totaled 231 t in 2012. Zhuzhou 
Keneng New Material Co. Ltd. received the largest quota at 
64 t, followed by Nanjing Germanium Technology Co. Ltd. 

(32 t), Guangxi Debang Technology Co. Ltd. (28 t), China 
Minmentals Non-Ferrous Metals Co. Ltd. (23 t), and Liuzhou 
China Tin Group Co. Ltd. (15 t). However, most of the quota 
remained unused by yearend. China exported only 5 t of indium 
in 2012, the lowest amount shipped in more than a decade. 
Leading destinations were Japan (60%), Belgium (24%), and 
the Republic of Korea (1896). China's Ministry of Commerce 
announced that the 2013 export quota was to remain unchanged 
from that of 2012 (Yao, 2011a; Antaike Minor Metals Monthly, 
2012; Hao, 2012; Yi, 2013; Roskill's Letter from Japan, 2013b). 

France.—Nyrstar NV's Auby zinc smelter began producing 
indium metal in June and produced 13 t of indium by yearend. 
Previously, the smelter recovered indium as a concentrate 
grading 2596 indium, which was sold to third parties for further 
processing. Total investment in the metal production project was 
$9.9 million (7.4 million euros) (Nyrstar NV, 2013, p. 14). 

Germany.—Indium was produced at PPM Pure Metals GmbH 
(Langelsheim) and Aurubis AG (Hamburg). PPM recovered 
indium from indium-containing materials at its specialty metals 
production facility in Langelsheim. The company produced 
high-purity indium ingot, semifinished products, and indium 
compounds. Aurubis also produced high-purity indium, which it 
consumed for the production of solar cells. 

Japan.—Japan was a significant producer and recycler of 
indium. Asahi Pretec had the capacity to produce 200 t/yr of 
secondary indium at its ITO target recycling plant at Fukuoka, 
and Dowa Metals & Mining operated a 150-t/yr indium 
recycling facility in Akita Prefecture. Other secondary indium 
producers included Nikko Metals, Mitsui Mining & Smelting, 
Sumitomo Metal Mining Co. Ltd., and Toho Zinc Co. Ltd. 

Japan was the leading consumer of indium, mostly for the 
production of ITO. The approximate ITO production rate in Japan 
was about 1,200 t/yr, equivalent to about 1,040 tyr of indium. 
Leading ITO producers included Mitsui Mining & Smelting and 
Nippon Mining & Metals. Nippon Mining & Metals operated the 
world's leading ITO production plant at Isohara near Tokyo, and 
Mitsui Mining & Smelting operated an ITO manufacturing plant 
at Omuta (Roskill’s Letter from Japan, 2013b). 

Japan's imports of indium metal, powder, and scrap declined 
by 65% to 171 t in 2012 from that of 2011 owing to consumer 
destocking. Leading import sources included the Republic 
of Korea (55%), Canada (16%), the United States (8%), and 
Taiwan (7%) (Roskill’s Letter from Japan, 2013b). 

Korea, Republic of.—Korea Zinc Co. Ltd. (Seoul) produced 
primary and secondary indium at its Onsan zinc refinery. 
Primary feedstock was sourced from zinc concentrates 
originating from Bolivia, and secondary feedstock was 
По from ITO producers. Korea Zinc reportedly produced 
i prd indium at Onsan in 2012 and planned to 
vi Чез, p at that level in 2013 (Metal Bulletin, 2013). 
dt же огр. (Seoul) was able to produce up to 30 t/yr of 

s Sukpo zinc refinery. 
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The Republic of Korea was also a notable consumer of 
indium. A significant amount of this consumption was by 
Heesung Metal Ltd. (Seoul) and Samsung Corning Precision 
Materials Co. Ltd. (Seoul) for the production of ITO. 

Peru.—Votorantim Metais planned to produce 12 t of indium 
at its Cajamarquilla zinc refinery in 2012; actual output was 
not reported (Votorantim Metais Ltda., 2012, p. 21). Doe Run 
Peru's La Oroya metallurgical complex resumed zinc operations 
in July, followed by the lead operations in December. The 
facility, which has the capacity to produce a small amount of 
indium, had been closed since 2009 owing to environmental and 
financial problems (Grabski, 2013). 

Russia.—Chelyabinsk Zinc Plant OJSC produced 7 t of 
indium in 2012, an increase from the 6 t produced in 2011. 

Ural Mining and Metals Co. also produced refined indium. Most 
of Russia's refined indium output was exported (Chelyabinsk 
Zinc Plant OJSC, 2013, p. 16). 


Outlook 


Demand for indium 15 expected to continue to follow demand 
for ITO for LCD production. Corning Inc. expected a slower 
rate of growth in the LCD panel market in 2013, with demand 
rising by 8%, compared with the 16% year-on-year increase in 
2012. Demand for small- and medium-sized LCD panels may 
outpace demand for large-sized panels (more than 9 inches) in 
the next few years owing to the growing popularity of e-books, 
smartphones, and tablets. Sharp Corp. expected demand for 
small- and medium-sized panels to increase by 17% per year 
from 2011 to 2015, while demand for large-sized panels was 
expected to rise by about 1% per year. DisplaySearch, however, 
forecast large-area LCD panel shipments to decrease by 694 in 
2013 from that of 2012, mostly owing to a decline in shipments 
for personal computers (Cammell, 2012b; DisplaySearch, 2013; 
O'Neill, 2013, p. 11). 

An emerging market for indium was the semiconducting 
compound, indium gallium zinc oxide (IGZO) for use in LCDs. 
IGZO has begun to replace amorphous silicon as the thin-film 
transistor in some LCD displays, because it allows for more 
pixels per square inch and requires less voltage to operate. In 
March, Sharp began producing small- and medium-sized high- 
performance LCD panels using IGZO at its Kameyama Plant 
No. 2 in Japan (Cammell, 2012b). 

On the supply side, China was expected to continue to be 
the main global supplier of primary indium. Outside of China 
Japan and the Republic of Korea have increased their recycling 
capabilities, and some additional primary production capacity is 
likely to be added in Brazil. Several exploration projects, most] 
in Canada and South America, were advancing, but it ыш 
uncertain when these projects will come onstream. 
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TABLE 1 
U.S. IMPORTS FOR CONSUMPTION OF UNWROUGHT INDIUM AND INDIUM 


POWDERS BY COUNTRY! 
2011 2012 
Quantity Value Quantity Value 
Country (kilograms) (thousands) (kilograms) (thousands) 
Belgium 23,700 $14,300 8,930 $4,070 
Canada = 21,400 13,600 26,700 13,500 
China 49,700 32,300 15,300 8,050 
Czech Republic 131 69 39 9 
France -- -- 3,620 1,870 
Germany 1,620 945 1,380 472 
Hong Kong 4,020 2,100 2,090 1,150 
India 300 158 = Е 
Israel n 93 40 103 27 
Japan 11,900 7,160 17,500 8,590 
Korea, Republic of 6,140 4,740 18,700 9,280 
Laos -- -- 613 73 
Liechtenstein -- -- 28 12 
Malaysia an 36 4 -- -- 
Mexico = == 45 49 
Netherlands 4,050 3,140 -- -- 
Реги -- -- 117 59 
Russia 1,340 936 2,570 1,200 
Switzerland uM -- -- 4,030 1,950 
Taiwan 7,350 4,800 3,270 1,530 
Thailand 912 59 Se = 
United Kingdom 11,200 6,190 4,180 2,040 
Venezuela 2,000 477 -- -- 


-- Zero. 


! Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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TABLE 2 
WORLD PRIMARY INDIUM PRODUCTION CAPACITY 


(Metric tons) 
з з ИРИНУ И НЕ RENNES 
Primary annual 
Country Major operating company Location of main facilities capacity 
Belgium Umicore NV Hoboken 50. 
Brazil Votorantim Metais Ltda. Juiz de Fora, Minas Gerais 20 
Canada Teck Resources Ltd. Trail, British Columbia 75 
China Guangxi Debang Technology Co. Ltd. Guangxi, Liuzhou 5 
Do. Guangxi Tanghan Zinc & Indium Co. Ltd. Guangxi, Hechi _ 30 
По. Huludao Nonferrous Metals Group Co. Liaoning, Huludao 50 
Ро. Laibin Smelter [Liuzhou Huaxi (China Tin) Group Co.] Guangxi, Laibin 50 
Do. Liuzhou Zinc Products Co. Guangxi, Liuzhou 20 
Do. Nanjing Germanium Co. Ltd. Jiangsu, Nanjing 150 
Do. Nanjing Sanyou Electronic Material Co. Ltd. do. 50 
Do. Shaoguan Smelter (Shenzhen Nonfemet Co.) Guangdong, Shaoquan 25 
Do. Xiangtan Zhengtan Nonferrous Metal Co. Ltd. Hunan, Xiangtan 75: 
Ро. Xikuangshan Twinkling Star Antimony Co. Ltd. Hunan, Lengshuijiang 10 
Do. Yintai Technology Co. Ltd. Guangxi, Liuzhou 40 
Do. Yuguang Gold-Lead Co. Ltd. Henan, Jiyuan 10 
Do. Yunnan Chengfeng Nonferrous Metals Co. Ltd. Yunnan, Gejiu 10 
^Do Yunnan Mengzi Mining and Smelting Co. Ltd. Yunnan, Honghe 30 
Do. Zhuzhou Smelter Group Co. Ltd. Hunan, Zhuzhou 60 
France Nyrstar NV Auby 35 
Japan Dowa Metals and Mining Co. Ltd. lijima, Akita 70 
Do. Mitsui Mining and Smelting Co. Ltd. Takehara, Hiroshima NA 
Do. Sumitomo Metal Mining Co. Ltd. Harima, Hyogo NA 
Korea, Republic of Korea Zine Cod Ова E 
Do YomgPoongCop. -~ Sukpo 30 
Peu _________ПоеКопрет S.R. Ltda — 0 00 0 4 Oroya sae i 
Do Votorantim Metais Ltda. HN | _ Cajamarquilla Е | 50 
Ро. Ural Mining and Metals Co. Vladikavkaz ______ che eee 9, 


шг SSS ле "рс Ф . • » LI . 
*Estimated; estimated data are rounded to no more than two significant digits. Do., do. Ditto. МА Not available. 
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TABLE 3 
INDIUM: ESTIMATED WORLD REFINERY PRODUCTION, BY COUNTRY"? 


(Kilograms) 


эз pe ы л. == St E LL E 


Country? 20 200 


Belgium 


Brazil 


Canada 
China' 
France 


Germany? 

Italy’ 

Japan 

Korea, Republic of 


Netherlands‘ 
6 


Peru 


Russia 


United Kingdom" 
Total 


PPreliminary. ‘Revised. -- Zero. 


2008 2009 2010 2011 2012 
30,000 30,000 30,000 30,000 30,000 
r г г mE: - 
57,000 50,000 67,000 64,000 ' 62,000 
340,000 340,000 * 330,000 ' 380,000 405,000 
- = -- -- 13,000 
10,000 10,000 10,000 10,000 10,000 
5,000 5,000 5,000 5,000 5,000 
65,000 67,000 69,000 70,000 71,000 
145,000 ' 160,000 ' 145,000 " 155,000 ' 165,000 
5,000 5,000 5,000 5,000 5,000 
5,976 ' 1,629 ' --' 2,499 "Р 11,080 Р 
9,800 ' 11,600 ' 12,500 " 11,600 ' 12,600 
5,000 5,000 5,000 5,000 5,000 
678,000 ' 685,000 ' 679,000 " 738,000 ' 795,000 


! World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


?Table includes data available through April 3, 2014. 


?[n addition to the countries listed, Kazakhstan and Ukraine are known to have produced indium, but information is not adequate to 


estimate output levels. 
"Includes secondary production. 


‘Data represent only estimated production by PPM Pure Metals GmbH at the company's Langelsheim special metals plant. Aurubis 
AG was reportedly using its own indium in designing new solar cell technologies, but estimates of indium production were not 


available. 
fReported figure. 
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IODINE 
By Désirée E. Polyak 


Domestic survey data and tables were prepared by Shonta E. Osborne, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


Iodine production and apparent consumption in the 
United States increased in 2012 compared with that of 2011. 
Data for production and apparent consumption were withheld 
to avoid disclosing company proprietary data. Reported 
consumption by producers and consuming industries was 4,880 
metric tons (t) in 2012 compared with 4,740 t in 2011. Crude 
and sublimed iodine exports increased to 1,040 t valued at $27.8 
million in 2012 compared with 900 t valued at $19.2 million 
in 2011. Imports of crude iodine decreased to 5,960 t valued 
at $250 million in 2012 compared with 6,590 t valued at $251 
million in 2011. World production, excluding U.S. production, 
was estimated to be 28,000 t in 2012 compared with the revised 
26,200 t in 2011. 


Legislation and Government Programs 


The U.S. Environmental Protection Agency (EPA) and Arysta 
LifeScience North America LLC entered into a memorandum 
of agreement to formally terminate all agricultural use of its 
fumigant MIDAS®, also known as iodomethane and methyl 
iodide, in the United States by yearend 2012, and ultimately 
remove all methyl iodide products from the U.S. market 
completely. Arysta was the only supplier of iodomethane to 
U.S. markets. MIDAS? had come under harsh criticism from 
environmentalists and farm workers who claimed the chemical 
was toxic and may cause cancer (Arysta LifeScience Corp., 
2012; U.S. Environmental Protection Agency, 2012). 


Production 


The U.S. Geological Survey obtained domestic production 
data for iodine from a voluntary canvass of three U.S. operations 
(table 1). U.S. production increased slightly in 2012 from that 
of 2011. Data were withheld to avoid disclosing company 
proprietary data. 

IOCHEM Corp. (a subsidiary of Toyota Tsusho America, Inc.) 
produced iodine near Vici, in Dewey County, OK. Woodward 
lodine Corp. (owned by Ise Chemical Corp. of Japan) produced 
lodine near Woodward, in Woodward County, OK. Тоћпа ple 
produced iodine in northern Oklahoma. 

In August, Iofina commissioned its first U.S. iodine extraction 
plant, IO#1, which, by December, was producing 1 t per week 
of high-grade iodine. The company announced that production 
at IO£1 was limited by both a shortfall of brine, which must 
be trucked to the plant, lower than expected disposal rates for 
the Processed brine, and issues with lower than anticipated 
lodine content of the supplied brines. The extraction plant was 
expected to use the company’s WET® IOsorb?M technology to 
Process saltwater waste brine from shale oil production. The 
shale waste brine was piped by shale oil producers to salt water 
disposal sites. Iofina's plants were expected to be located on 
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these disposal sites. The company was not expected to release 
information on the exact location of any of its extraction 
facilities. Construction of IOZ2, located in Oklahoma, was 
complete. IO£3 was being fabricated and was expected to 
receive equipment by early 2013. The company continued to 
discuss options for IO#4, IO#5, and IO#6. Тоћпа expected to 
produce approximately 300 t of iodine in 2013 from its two 
operating plants (IOZ£1 and 10#2) (Тоћпа plc, 2012а; 
Syrett, 2012). 

Jofina also announced that it has successfully entered 
into the iodine recycling business to manage waste streams 
from chemical, electronics, nylon, and pharmaceuticals 
manufacturing. The iodine was processed at the Iofina 
Chemical, Inc. location in Covington, КУ (Iofina plc., 2012b). 


Consumption 


U.S. apparent consumption of iodine, which is withheld to 
avoid disclosing company proprietary data, decreased in 2012 
from that of 2011. Reported consumption by producers and 
consuming industries increased to 4,880 t in 2012 compared 
with 4,740 t in 2011. Of the 21 companies to which a survey 
form was sent, 17 responded to the annual or preliminary 
surveys, representing 95% of the total consumption by major 
domestic users of iodine (tables 1, 2). Accurate end-use statistics 
were difficult to gather because domestic and imported iodine 
were used to produce many intermediate iodine compounds, 
usually by downstream manufacturers. 

Consumption of potassium iodide (KI) increased by 23% 
and consumption of resublimed iodine decreased by 1994 
compared with that in 2011. Consumption of miscellaneous 
and other inorganic iodine products, which include ammonium 
iodide, calcium iodate, and cuprous iodide, increased by 1094 
Consumption of organic iodine compounds increased slightly 
(table 2). 

Commercial crude iodine normally has a minimum purity of 
99.5% to 99.8%, depending on the supplier. Impurities, in order 
of quantity, are primarily insoluble materials, iron, sulfuric acid 
and water. The U.S. Pharmacopeia specifies an iodine content f 
not less than 99.896 for commercial iodine. The Committee ° 
Analytical Reagents of the American Chemical Society allo " 
a maximum of 0.005% total bromine and chlorine and 0 010% 
nonvolatile matter in its specifications for iodine. | | 

Biocides and Disinfectants.—Because iodine is one of th 
most effective medical antiseptics available, it was used | г 
biocides and disinfecting chemicals. lodophors, water. i 
chemical complexes designed to carry large amounts b pi 
were incorporated into disinfectants for use in dairies Г e 
processing plants, hospitals, and laborato de 


` ; | ries. Iodine is 
efficient, effective, and simple means of water disinfecti ea 
on. 


The most popular iodophor for surgical scrub and gargle is 
povidone iodine, which contains about 1096 iodine. These forms 
have almost completely replaced tincture of iodine as they do 
not cause any burning sensation when applied to human tissue. 

Catalyst.—lodine catalysts were used to manufacture 
acetic acid and synthetic rubbers. Acetic acid was used in 
the manufacture of certain adhesives, dyes, pharmaceuticals, 
plastics, surface coatings, and vinegar. Most acetic acid is 
produced using the methanol carbonylation process, which uses 
methyl iodide at an intermediate step. Catalysts were generally 
recycled and reused in new processes. 

Chemicals.—lodine was used as a stabilizer in the 
manufacture of nylon for tire cord and carpets and for 
converting resins, tall oil, and other wood products to more 
stable forms. 

Medical.—Radiopaque agents, drugs that absorb x rays, аге 
used to help diagnose certain medical ailments and may contain 
iodine. Radiopaque-diagnosed medical problems include brain 
disorders, cardiac disease, central nervous system disorders, 
cerebrospinal fluid disorders, disk disease, gastrointestinal 
(gall bladder) disorders, peritoneal disorders, splenic and 
portal vein disorders, urinary track disorders, and vascular 
disease. Potassium iodide was used as an expectorant in cough 
medicines. Hydriodic acid and KI were used in the synthesis of 
amphetamine, ethylamphetamine, and methamphetamine, which 
are regulated stimulants. The isotope I-131 was used to treat 
thyroid cancer and hyperthyroidism. 

X-ray contrast media (XRCM) are substances which cause 
soft tissues to become visible during x-ray examination. АП 
XRCM in use today are organic iodine derivatives. Although 
many elements have higher atomic numbers than iodine, no 
other element has the chemical characteristics that allow iodine 
to form soluble compounds with low toxicity. It is this latter 
property which makes iodine-containing contrast media suitable 
for radiography. 

Nutrition.—lodine is an essential component of thyroid 
hormones, which directly affect processes in the brain, muscles, 
heart, pituitary gland, and kidneys. Iodine deficiency can cause 
goiter in adults, increased mortality and impaired cognitive 
development in children, and reproductive failure. Iodine 
deficiency disorder can be prevented by consuming about 
150 milligrams per day of iodine for а human adult (Institute of 
Medicine of the National Academies, 2006). | 

Other Uses.—Developments in digital imaging have allowed 
electronic prints and overhead transparencies to be produced 
without the need for wet processing film. The majority of 
current feature films, however, continued to rely on printed film 
for shooting because film provides higher image resolution. In 
the next decade, uses of iodine in films and processing may be 
limited to specialty film imaging as digital imagery technology 
for motion pictures improves and digital equipment and printers 

e affordable. | 
ours M for manufacturing iodine-adsorbed кыа 
alcohol polarizing films for liquid crystal displays _ - | 

lectronic equipment, including appliances, computers, digita 
j dheld devices, and televisions. Polarizers 
cameras, personal han ; + 
dded to LCDs to enhance the light contrast between the 
oe :auid crystals, making the LCD more visible. 
screen and the liquid crystals, 
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These polarizers are usually made from stretched polyvinyl 
alcohol films that contain iodine. 


Prices 


Prices for iodine and its derivatives continued to increase in 
2012. The average free alongside ship (f.a.s.) value for exported 
crude iodine in 2012 was $26.75 per kilogram, an increase 
from $21.29 per kilogram in 2011. The average declared cost, 
insurance, and freight (c.i.f.) value for imported crude iodine 
was $41.97 per kilogram in 2012, an increase from $38.13 per 
kilogram in 2011. The average declared c.i.f. value for iodine 
imported from Chile, the leading source country of imported 
iodine for the United States, was $44.07 per kilogram in 2012 
compared with $40.40 per kilogram in 2011. The average 
declared c.i.f. value for imported crude iodine from Japan was 
$29.07 per kilogram in 2012, an increase from $21.75 per 
kilogram in 2011. 

The spot price of crude crystal iodine, 99.5% minimum purity, 
in 50-kilogram drums delivered to the United Kingdom, as 
reported by Metal Bulletin, ranged from $55 to $80 per kilogram 
in March 2012. Prices continued to increase in April, and in 
May, prices ranged from $65 to $90 per kilogram. In December, 
prices ranged from $65 to $85 per kilogram. Actual prices for 
iodine are negotiated on long- and short-term contracts between 
buyers and sellers. 


Foreign Trade 


Net trade is not easily defined since iodine was exported and 
imported in many forms other than elemental iodine and KI. 
Exports of crude iodine increased to 1,040 t with an f.a.s. value 
of $27.8 million in 2012 compared with 900 t valued at $19.2 
million in 2011. Exports of KI decreased to 336 t with an f.a.s. 
value of $6.8 million in 2012 compared with 344 t valued at 
$7.3 million in 2011. Exports of crude iodine to Canada and 
Germany represented 80% of total crude iodine exports in 2012 
(table 3). | 

Imports of crude iodine decreased to 5.960 t with а c.i.f. value 
of $250 million in 2012 compared with 6,590 t valued at $251 
million in 2011. Imports of KI increased to 431 t with a c.i.f. 
value of $6.2 million in 2012 compared with a total of 366t 
valued at $5.4 million in 2011. Imports of crude iodine from 
Chile and Japan represented 98% of total crude iodine rs 
in 2012. Imports of KI from Canada and India represented 84% 
of total KI imports in 2012 (table 4). 


World Review 


World production of iodine, excluding the United аи was 
estimated to be 28,000 t in 2012 compared with 26,20 PN 
2011 (table 5). Chile was the world's leading producer о 
followed by Japan and the United States. | | 

Azerbaijan.—Azet-Yod, LLC (a subsidiary of ISR а 
produced 350 t of iodine in 2012 at its ора nr M 
which has a capacity of 500 metric tons per year (tyr 

ISR Holding, 2013). | | Mi 
| Chile. —Sociedad Química y Minera de pu Re (SQM) 
the leading iodine producer worldwide, Eod О ЕТУ. 
production for iodine and its derivatives of 11, 
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iodine valued at $578 million, a 1096 decrease in quantity 
compared with the 12,200 t of contained iodine valued at $455 
million reported in 2011. However, the decreased quantity was 
more than offset by prices that were more than 40% higher than 
average prices seen in 2011, increasing SQM’s gross profit in its 
iodine segment by more than 3896 (Sociedad Química y Minera 
de Chile S.A., 2012, p. 66). SOM owned four operations in 
Chile that produced iodine and nitrates from caliche ore—Pedro 
de Valdivia, Maria Elena, Nueva Victoria, and Pampa Blanca. 

Atacama Minerals Corp., a publicly held Canadian company 
operating the Aguas Blancas Mine in northern Chile, changed 
its name to Sirocco Mining Inc. on January 24, 2012. The Aguas 
Blanca Mine, located approximately 75 kilometers southeast 
of Antofagasta, produced 1,223 t of iodine in 2012 compared 
with 1,122 t of iodine in 2011. Increased iodine prices during 
2012 contributed to 66% higher revenues than in 2011. Sirocco 
exported all of its iodine production to Asia and Europe. The 
iodine was packaged in containers which were shipped from 
Chilean ports (Sirocco Mining Inc., 2013, p. 7). 

Compafiia de Salitre y Yodo (Cosayach) had a capacity 
of 7,500 t/yr of iodine from its three Chilean operations— 
Negreiros (40%), Soledad (40%), and Cala Cala (20%). The 
operations produced an iodine solution, which was brought by 
trucks to the Cala Cala refinery to produce prilled iodine, iodine 
flakes, and byproduct nitrates (Industrial Minerals, 2011). 

Japan.—Production of crude iodine is based on underground 
brines associated with some wet natural gas deposits. An 
estimated 8096 of output takes place in Chiba Prefecture from 
the Southern Kanto gas field, and the remainder in Niigata and 
Miyazaki Prefectures. Japanese crude iodine producers have 
historically high production costs, owing to the expense of brine 
extraction. However, the cost of production is typically offset 
by the high price of domestically produced natural gas (Roskill 
Information Services Ltd., 2010, p. 105). 

In 2012, Japanese iodine producers included: Ise Chemical 
Co. Ltd., GodoShigen sangyo Co. Ltd., Kanto Natural Gas 
Development Co. Ltd. (KNG), Nippoh Chemicals Co., and 
Toyota Tsusho Corp. 
| KNG employed two methods in the manufacture of 
lodine. The blowing out method takes advantage of the easy 
vaporization property of iodine and is ideal for processing large 
amounts of iodine or for processing brine at high temperature. 
The ion exchange resin method uses resin that adsorbs iodine 
and it is suitable for both small and large plants. KNG has an 
estimated production capacity of 1,200 Uyr of iodine from its 


operations (Roskill Information Services Ltd., 2010, 
p. 110-111). 


Outlook 


During 2010 to 2014, world consumption for iodine is 
forecast to rise by an average of 3.5% per year and is expected 
to pes 30,500 t (Roskill Information Services Ltd., 2010, 

p. 185). 

| During the last decade, the iodine market has evolved 
significantly. New technological applications have been 
developed, including LCDs, stimulating growth in demand. 
According to some analysts, LCDs are expected to remain 
the most commonly used technology for at least the next 
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5 years, after which they are expected to experience increased 
competition from technologies that do not use optical polarizing 
film. The most likely competition is expected to be from organic 
light emitting diode products (Industrial Minerals, 2011). 

In addition, demand for x-ray contrast media, which contain 
as much as 60% iodine, has increased significantly. The water 
treatment market also is expected to increase, with higher 
growth anticipated in Asia. Expanding treatment of municipal 
water supplies could increase the demand for biocides and 
disinfectants in the future. More medical tests on an aging 
population could also result in increased demand for iodine- 
containing x-ray contrast media. According to SOM, total iodine 
demand in 2012 is estimated between 30,500 and 31,000 t 
(Sociedad Química y Minera de Chile S.A., 2012, p. 44). 
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TABLE 1 
SALIENT IODINE STATISTICS! 


(Metric tons and dollars) 


2008 2009 2010 2011 2012 
United States: 
Production W W W W W 
Imports: 
Quantity, for consumption’ 6,300 5,190 5,710 6,590 5,960 
Price, average" dollars per kilogram 21.52 25.55 24.39 38.13 41.97 
Exports” 950 1,160 1,070 900 1,040 
Consumption: 
Reported 4,580 4,550 4,640 4,740 4,880 
Apparent W W W W W 
World, production* 26,000 ' 26,600 ' 26,000 ' 26,200 * 28,000 


*Estimated. ‘Revised. W Withheld to avoid disclosing company proprietary data. 
!Data are rounded to no more than three significant digits, except prices. 


?Source: U.S. Census Bureau information reported by Harmonized Tariff Schedule of the United States code 2801.20.0000. 
*Cost, insurance, and freight valuation. 


TABLE 2 
DOMESTIC CONSUMPTION OF IODINE, BY PRODUCT 


eee LL ТТИ 201 о 
Number Quantity Number Quantity 
Product of plants (metric tons) —ofplants — (metric tons) 
Inorganic compounds: fue tote коша 
Crude iodine 1 171 1 171 
Resublimed iodine 6 108 6 87 
Potassium iodide 3 527 3 648 
Sodium iodide 3 145 3 40 
Ammonium iodide 1 (3) 1 is 
Hydriodic acid 3 124 3 201 
Potassium iodate 3 40 3 45 
Miscellaneous iodate, and iodides’ Я 1 87 | 96 
Other inorganic compounds 4 494 4 592 
Total 20€? 1,700 хх? 1,880 
Organic compounds: 
Ethylenediamine dihydroiodide 2 226 2 192 
Povidine-iodine (iodophors) 3 443 3 386 
Other organic compounds” 9 2,370 9 2,430 
Tod 3 
Grand total XX 4,740 XX 4,880. 


XX Not applicable. -- Zero. 

!Data are rounded to no more than three significant digits; may not add to totals shown. 

Reported by voluntary response to the U.S. Geological Survey from a survey of domestic establishments. 
3Less than % unit. 

^Includes ammonium iodide, calcium iodate, and cuprous iodide. 

5Nonadditive because some plants produce more than one product concurrently. 

Sincludes methyl and (ог) ethyl iodide and other unspecified products. 
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TABLE 3 


U.S. EXPORTS OF CRUDE IODINE AND POTASSIUM IODIDE, BY COUNTRY OF ORIGIN! 


Bo г Жоо... _ у э у шмш шшш T — —  Pf—— шыш 


2011 
Quantity 
Type and country of origin" (metric tons) 
Iodine, crude/resublimed: 
Belgium 19 
Canada 124 
Germany 643 
Italy 18 
Japan 16 
Malaysia 11 
Mexico 3 
New Zealand -- 
Могмау == 
South Africa 47 
Spain -- 
Thailand 2 
Other? 18" 
Total 900 
Potassium iodide:® 
. Australia 3 
Chile 19 
Сћта 16 
Јарап 24 
Korea, Republic of 20 
Mexico NJ 11 
Netherlands 28 
Saudi Arabia 58 
Singapore EMI 11 
Taiwan 89 
Turkey 38 
United Arab Emirates FEMME -- 
United Kingdom | 
Other’ 27 : 
Total 344 


"Revised. -- Zero. 


Value? 
(thousands) 


$526 
2,630 
14,000 
485 


42 
294 ' 
19,200 


19 
581' 
7,250 


2012 
Quantity Value? 

(metric tons) (thousands) 
3 $55 
196 3,050 
630 19,800 
(4) 9 
44 935 
5 62 
15 290 
22 515 
36 1,410 
38 625 
18 397 
15 380 
16 301 
1,040 27,800 
16 268 
33 580 
23 357 
36 692 
40 1,160 
2 66 
113 2,330 
22 367 
11 189 
21 350 
19 406 
336 6,760 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


"Declared free alongside ship valuation. 


"Export information for crude and resublimed iodine and potassium iodide are reported by Harmonized 
Tariff Schedule of the United States codes 2801.20.0000 and 2827.60.2000, respectively. 


“Less than % unit. 

‘Includes countries with quantities less than 10 metric tons. 
*Potassium iodide contains 76% iodine. 

“Includes countries with quantities less than 5 metric tons. 


Source: U.S. Census Bureau. 
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ТАВГЕ 4 
U.S. IMPORTS OF CRUDE IODINE AND POTASSIUM IODIDE FOR 
CONSUMPTION, BY COUNTRY OF ORIGIN! 


2011 2012 
Quantity Value Quantity Value? 
Type and country of origin (metric tons) (thousands) (metric tons) (thousands) 
Iodine, crude: 
Chile 5,790 $234,000 5,180 $228,000 
France 6 188 -- -- 
Hungary -- -- 85 1,710 
India 13 245 (4) 12 
Japan 777 16,900 689 20,000 
Other” 5 95 6 134 
Total 6,590 251,000 5,960 250,000 
Potassium iodide: 

Brazil - -- 31 1,280 
Сапада 233 3,310 295 3,640 
China 4 62 8 94 
Germany 6 90 3 66 
India 78 1,370 67 805 
Japan (4) 33 5 64 
Switzerland (4) 48 5 61 
United Kingdom 4l 486 17 209 
Other 4° 8" (4) 31 
Total 366 5,400 431 6,250 


"Revised. — Zero. 


'Data are rounded to по more than three significant digits; may not add to totals shown. 


?Declared cost, insurance, and freight valuation. 


Import information for crude iodine and potassium iodide are reported by Harmonized Tariff Schedule of 
the United States codes 2801.20.0000 and 2827.60.2000, respectively. 


^Less than У unit. 


"Includes countries with quantities less than 5 metric tons. 


Gross potassium iodide contains 76% iodine. 


Source: U.S, Census Bureau. 


TABLE 5 
CRUDE IODINE: ESTIMATED WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons) 
Country? 2008 2009 
Azerbaijan 300 300 
Chile" 15,503 ? 17,399 5 
China : NA' МА € 
Indonesia 75 75 ; 
Japan 9,500 8,232 
Russia 300 300 
PLI ME са пне шшс ышы. 
Tukmenitan — .— /.  Á—  . 270 270 
United States — .— — — — — W W 
Одев 2 2 
Total 26,000 ' 26,600 


Se ee NEC I WEE . * * . Ь 
"Revised. NA Not available. W Withheld to avoid disclosing company proprietary dat 
Мома totals and estimated data аге rounded to no more than three significant digits; 


2rable includes data available through June 17, 2013. 


31n addition to the countries listed, China also produces cru 


2010 


300 
15,793 > 
NA' 

15 
9.216 ? 

300 

270 

W 

2 
26,000 ' 


2011 
300 
16,000 
МА ' 
75 
9,277 ^? 
300 
270 
W 


2 
26,200 ' 


available general information is inadequate for the formulation of reliable estimates of output levels. 
^Includes iodine production reported by Servicio Nacional de Geologia y Mineria. 


‘Reported figure. 
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2012 
350 
17,500 
NA 

75 
9,300 
300 
480 
W 

2 


28,000 
а: not included in total. 
may not add to totals shown. 


de iodine, but output is not officially reported, and 
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IRON AND STEEL 
By Michael D. Fenton 


Domestic survey data and tables were prepared by Hoa P. Phamdang, statistical assistant, and world production tables were 


prepared by Glenn J. Wallace, international data coordinator. 


The global recession of 2008—09 caused a retraction of global 
steel industries through 2009, followed by a weak and uneven 
recovery through 2010 and 2011. By late 2011, the global steel 
market began to lose its recovered strength, and steelmakers 
began to slow production with the expectation of lower prices. 
Since the end of the U.S. recession in June 2009, manufacturing, 
including steel product production, led the economic recovery, 
which was supported by increasing exports to emerging markets. 
However, by the end of the first quarter of 2012, demand from 
emerging markets decreased, and U.S. manufacturing may 
have reentered a recession. In November 2012, the Institute for 
Supply Management's Purchasing Managers Index, a broad 
measure of manufacturing activity, fell for the fourth time in 
6 months, reaching the lowest level since the recession ended. 

While the global economy struggled to recover from the 
recession, the global steel industry, rather than consolidating 
and becoming more efficient, built more production capacity. 
Capacity by late 2012 was about 1.8 billion tons (Gt), but only 
1.5 Gt of orders were taken. An estimated 100 new mills are 
expected to be built by 2016, having a total capacity of about 
350 million tons (Mt). Much of this overcapacity was attributed 
to China, the world's leading steel producer, which accounted 
for about 46% of global output and had 6 of the world's 
10 largest steelmakers. China's total capacity reached about 
940 Mt, but operated at only about 7696 of capacity in 2012. 

U.S. capacity utilization for raw steel production, which had 
dipped to a low of 41% in April 2009, rose steadily to a high of 
75% in May and June 2010, but then fluctuated between 68% 
and 80% during the second half of 2010 and throughout 2011 
and 2012, ending at 77% in December 2012. U.S. apparent 
steel consumption, which had decreased to a low of 63 Mt 
in 2009, after a high of 120 Mt in 2006 and 102 Mt in 2008, 
rebounded to 98 Mt in 2012. Apparent consumption in China, 
the world's largest consumer of steel, increased steadily from 
101 Mt in 1995 to a high of 688 Mt in 2012, even though the 
rate of growth in China's economy had eased and the effects of 
government stimulus packages had faded. 

According to the World Steel Association (20132), China 
was the top steel producer in the world during 2012 (717 Mt), 
With its leading steelmaker, Hebei Iron & Steel Group Co. Ltd. 
(42.8 Mt), placing third behind the world's leading steelmakers 
ArcelorMittal (93.6 Mt) and Nippon Steel and Sumitomo 
Metal Corp. (47.9 Mt). Japan was the world's second-ranked 
steel producer (107.2 Mt), followed by the United States 
(88.7 Mt), India (77.6 Mt), and Russia (70.4 Mt). China 
ranked first in the world for total exports of steel (54.8 Mt), 
followed by the European Union (EU) (47.1 Mt), and Japan 
(41.5 Mt). The United States ranked first in the world for total 


imports of steel (30.4 Mt), followed by the EU (29.5 Mt) and 
Germany (22.9 Mt). 
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The American Iron and Steel Institute (AISI) reported 
U.S. production of iron and steel and shipments of steel mill 
products. These data can be regarded as representing 10096 of 
the raw steel producers in the United States. World production 
of iron and steel was reported by the World Steel Association 
and by foreign government agencies. 


Environment 


Since 1990, the U.S. steel industry has reduced the total 
amount of energy required to produce one ton of steel by 27%, 
and has reduced carbon dioxide (CO,) emissions by 33%— 
significantly exceeding the reduction targets established under 
the Kyoto Protocol (AKSteel, 2012). According to World 
Steel's 2012 Sustainability Indicators, however, the global 
steel industry's greenhouse gas emissions have not changed 
since 2007. Energy intensity decreased very slightly, but 
material efficiency, the recycling of steel byproducts, decreased 
(Environmental Leader, 2012). 

ILVA s.p.A. steelworks in Taranto, Italy, the largest steel 
plant in Europe, has been ordered by the Italian court to end its 
pollution of the surrounding area or cease operation. Emissions 
that cause cancer and respiratory diseases have polluted Taranto, 
surrounding farmland, and waterways for about 50 years. As 
many as 20,000 jobs are at risk in a high-unemployment area of 
southern Italy (Mackenzie, 2012). 


Production 


Raw steel production in the United States was about 88.7 Mt 
in 2012, up slightly from that in 2011 (table 1). The AISI 
estimated raw steel production capability to be 118 Mt, up 
slightly from that in 2011. Production represented 75.296 of 
estimated capacity, up from 74.4% in 2011 (American Iron and 
Steel Institute, 2013, p. 75). 
| Integrated steel producers smelted iron ore to make liquid 
iron in blast furnaces and used basic oxygen furnaces (BOF) 
to refine the liquid iron with some steel Scrap to produce raw 
liquid steel. The BOF process was used to make 36.3 Mt of steel 
in the United States (American топ and Steel Institute, 2013 
p. 72). The use of this process increased to 40.994 of total steel 
production in 2012 from 39.7% in 2011. Blast furnaces in the 
United States were operated by 5 companies at 13 locations ; 
2012 (Iron and Steel Technology, 2013, p. 218). i 

Minimills and specialty mills are nonintegrated stee] 
producers that use the electric arc furnace (EAF) to melt lo 
cost raw materials (usually scrap). They also employ conti W- 
casting machines and hot-rolling mills that are often clos y 
coupled to casting operations. Specialty mills include ЕИ 
of alloy-electrical, stainless, and tool steel; high-tem ao 
alloys; forged ingots; and other low-volume stee] BR 


About 58 companies operated about 112 EAF facilities in the 
United States during 2013 (Iron and Steel Technology, 2014, 
p. 130). These U.S. mills used the EAF steelmaking process to 
produce 52.4 Mt of steel in 2012, slightly more than in 2011, 
and accounted for 59.1% of total steelmaking (American Iron 
and Steel Institute, 2013, p. 72—73). 

Raw liquid steel is mostly cast into semifinished products in 
continuous casting machines. Only 1.4% of U.S. production 
was cast in ingot form in 2012 and subsequently rolled into 
semifinished forms, a slightly lower percentage than that of 
2011. Continuous casting production was 87.4 Mt, or 98.6% of 
total steel production, 3.6% higher than in 2011 (American Iron 
and Steel Institute, 2013, p. 73). 


Consumption 


Steel mill products are produced either by forging or rolling 
into forms normally delivered for fabrication or use. Some 
companies purchase semifinished steel mill products from other 
steel companies and use them to produce finished steel products. 
The accumulated shipments of all companies less the shipments 
to other reporting companies are identified as net shipments to 
avoid double counting. 

U.S. apparent steel consumption, an indicator of economic 
growth, increased to 98 Mt in 2012 from 90 Mt in 2011. Net 
shipments of steel mill products by U.S. companies increased 
by 4.4% to 87.0 Mt compared with those of 2011 (American 
Iron and Steel Institute, 2013, p. 25). Compared with those 
in 2011, shipments of construction products, the leading 
single end-use market for steel, increased by 7.9% in 2012; 
automotive product shipments increased by 1996; shipments of 
agricultural products increased by 27%; shipments of industrial 
machinery, equipment, and tools increased slightly; oil, gas, and 
petrochemical shipments increased by 12%; steel service center 
shipments decreased by 5.596; lumbering, mining, and quarrying 
industries shipments decreased by 2996; shipments of appliances 
decreased by 1196; and shipments of containers, packaging, and 
shipping material decreased slightly (American Iron and Steel 
Institute, 2013, p. 29). 


Prices 


The U.S. Bureau of Labor Statistics (2013), producer price 
index for steel mill products decreased by 3.8% to 208.0 in 
2012 from 216.2 in 2011 (1982 base-100) (table 1). The 
average monthly price of hot-rolled steel sheet decreased 
steadily from about $733 per metric ton in January 2012 to 
a low of $581 in October, followed by a rebound to $631 in 
December (American Metal Market, 2013). 


Foreign Trade 


Export shipments of steel mill products by AISI reporting 
companies increased to 12.5 Mt from 12.2 Mt in 2011 (table 
4). Canada received the largest amount of U.S. exported steel 
products, 6.2 Mt, slightly more than that in 2011 (table 4). 
Mexico was again the second ranked importer, receiving 2.5 Mt, 
6% less than that in 2011. Domestic imports of steel mill 
products increased by 17% to 30.4 Mt from 25.9 Mt in 2011 
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(table 4). Brazil, Canada, the EU, Japan, the Republic of Korea, 
Mexico, and Russia were major sources of steel mill product 
imports in 2012 (table 4). 

Imports of semifinished steel (table 6) by steel companies are 
taken into consideration in evaluating apparent consumption 
(supply) of steel mill products in the United States and the share 
of the market represented by imported steel. To avoid double 
counting the imported semifinished steel and the products 
produced from it, the amount of semifinished steel consumed 
by companies that also produced raw steel is subtracted from 
domestic consumption. Between 1993 and 2006, semifinished 
steel imports ranged between 2.5 million metric tons per year 
(Mt/yr) and 8.5 Mt/yr. Prior to 1993, the amount was less 
than 0.2 Mt/yr. Taking the imported semifinished steel into 
consideration, the share of the U.S. steel market represented by 
imported steel was an estimated 3176 in 2012 compared with 
29% in 2011. 


World Review 


World production of pig iron totaled about 1.11 Gt, slightly 
more than that in 2011 (table 9). Pig iron production of the 
EU was about 92 Mt, slightly less than that in 2011. Germany 
was the leading producer in the EU, producing about 27 Mt, 
slightly less than that in 2011. China continued to be the leading 
producer of pig iron in the world, producing nearly 658 Mt, 
slightly more than that of 2011, followed by Japan (81 Mt), 
Russia (49 Mt), India (48 Mt), the Republic of Korea (40 Mt), 
the United States (32 Mt), Ukraine (29 Mt), Brazil (27 Mt), and 
Germany (27 Mt). Russia and Ukraine were the only major pig 
iron producers in the Commonwealth of Independent States 
(CIS). In North America, the only major producer of pig iron 
was the United States, where in 2012 production increased by 
6% from that in 2011. In South America, the only major pig iron 
producer was Brazil. 

World capacity for DRI production in 2012 was estimated 
to be about 82 Mt/yr (Midrex Technologies, Inc., 2013). DRI 
production worldwide decreased by 1296 to 70 Mt in 2012 from 
a record of 79.4 Mt in 2011 (table 9). The leading producer of 
DRI was India, followed by, in descending order of tonnage, 
Iran, Mexico, Russia, and Venezuela. In 2012, additional 
DRI capacity of almost 19 Mt/yr was under construction in 
Egypt, India, Iran, Russia, the United States, and Venezuela. 
The leading technology was, according to declining order 
of production, the Midrex process, followed by coal-based, 
HYL/Energiron, and Finmet processes. 

World production of raw steel was 1.5 Gt, slightly more than 
the revised production in 2011 (table 10). Steel production 
increased during 2012 in North America (2.496), and decreased 
in the EU (3.6%), the CIS (2.896), and South America (0.896). 
Positive growth also took place in India (5.696) and China 
(4.694). As in previous years, production varied widely among 
major regions of the world. China produced 4696 of world 
total crude steel in 2012. Countries in Asia produced about 6596 
of the world's steel; the EU, 1196; North America, 876; and 
the CIS, 7%. 

During 2012, China was again the world's leading steel 
producer, about 717 Mt, a gain of 4.6% compared with that of 
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2011 (table 10). In descending order of production, the leading 
producers behind China were Japan, the United States, India, 
the Republic of Korea, Russia, and Germany. These 7 countries 
accounted for 7696 of world production. The combined steel 
production of the seven steel-producing countries in the CIS was 
about 108 Mt, a decrease of 3% from that in 2011. Russia and 
Ukraine remained the leading producers in the CIS. U.S. steel 
production during 2012 was greater than 88 Mt, an increase of 
2.7% from that in 2011. 

The World Steel Association (2013b) reported that the world 
steel capacity utilization rate at yearend 2012 was about 72%, 
after a low of about 7396 in December 2011 and a high of 8296 
in April 2012. China had a capacity utilization rate of about 
8276 in 2010, according to Ernst & Young (2012, p. 11). China 
had nearly 1 billion tons of steel production capacity while 
the average capacity utilization rate during 2011 was 60% 
(International Monetary Fund, 2012). 


Outlook 


The expansion or contraction of gross domestic product 
(GDP), the broadest measure of a nation's economic activity, 
may be considered a predictor of the health of the steelmaking 
and steel manufacturing industries, worldwide and domestically. 
The World Bank's forecast of global GDP growth for 2014, 
2015, and 2016 was 3.2%, 3.4%, and 3.5%, respectively, after 
3.8% in 2010 (World Bank, The, 2014). The International 
Monetary Fund's projection of GDP growth for 2013 was 2.9% 
and 3.676 for 2014 (International Monetary Fund, 2013). The 
U.S. Federal Reserve’s December 2013 projections for the U.S. 
GDP rate of growth was between 2.2% and 2.3% for 2013, 
between 2.8% and 3.2% for 2014, and between 3.0% and 3.4% 
for 2015, which were reduced from earlier projections (Board 
of Governors of the Federal Reserve System, 2013). The 2012 
GDP rate of growth for China was 7.7% and was projected to be 
7.6% in 2013 and 7.3% in 2014, and that of India was projected 
to be 3.8% and 5.1% for those years, respectively (International 
Monetary Fund, 2013). 

MEPS (International) Ltd. forecast total world steel 
production in 2014 to be 1.625 Gt, up 5% from that in 2012 
(Commodities Now, 2013). MEPS also forecast increasing 
steel production in 2014 in China (4%), CIS (9%), EU (36%), 
Japan (5%), North American Free Trade Agreement countries 
(NAFTA; 4%), and South America (17%). 
| World apparent steel consumption (ASC) was expected to 
Increase by 3.1% to 1.475 Gt during 2013, after increasing by 
2.0% in 2012, and then increasing by 3.3% in 2014, to reach а 
historic high of 1.523 Gt. China's ASC was expected to increase 
by about 6% to 700 Mt in 2013, and then by 396 in 2014 to 
721 Mt. АЗС in India was expected to increase by about 3.4% 
in 2013 to about 74 Mt and by 5.696 in 2014. The U.S. ASC 
Was expected to increase by 0.7% to 97 Mt in 2013 and by 3.0% 
In 2014. The EU's ASC was expected to decrease by 3.8% to 
135 Mt in 2013 and to increase by 2.196 to 138 Mt in 2014. 

In Japan, the 2013 ASC was expected to increase by 0.1% to 
64 Mt and to decrease by 1.696 in 2014. The ASC of the CIS 


Was expected to increase by 3% to 59 Mt in 2013 (World Steel 
Association, 2013b). 


IRON AND STEEL—2012 


Google 


References Cited 


AKSteel, 2012, Sustainability Report 2012: West Chester, OH, AKSteel Corp., 
10 p. (Accessed February 12, 2014, at http://www.aksteel.com/pdf/AKS_ 
Sustainability Report 2012.pdf.) 

American Iron and Steel Institute, 2013, Annual statistical report 2012: 
Washington, DC, American Iron and Steel Institute, 122 p. 

American Metal Market, 2013, Custom pricing reports: New York, 

NY, American Metal Market. (Accessed January 14, 2014, via 
http://www.amm.com.) 

Board of Governors of the Federal Reserve System, 2013, Summary of 
economic projections: Board of Governors of the Federal Reserve 
System. (Accessed January 31, 2014, at http://www.federalreserve.gov/ 
monetarypolicy/files/fomcprojtable2-131218.pdf.) 

Commodities Now, 2013, MEPS crude steel projections: November 29. 
(Accessed November 29, 2013, at http://www.commodities-now.com/news/ 
metals-and-mining/3382-meps-crude-steel-projections-.html.) 

Environmental Leader, 2012, Steel companies' CO2 reporting up, emissions 
steady: Environmental Leader [Fort Collins, CO], October 15. (Accessed 
February 10, 2014, at http://www.environmentalleader.com/2012/10/15/ 
steel-companies-co2-reporting-up-emissions-steady/.) 

Ernst & Young, 2012, Global steel—2012 trends, 2011 outlook—India— 

Next landmark on the global steel landscape: Ernst & Young, May 1, 

44 p. (Accessed November 13, 2012, at http://emergingmarkets.ey.com/ 
global-steel-2012-trends-201 1-outlook-india-next-landmark-on-the-global- 
steel-landscape/.) 

International Monetary Fund, 2012, China’s overcapacity: New York, NY, 
International Monetary Fund, July 12. (Accessed January 30, 2014, at 
http://www.imf.org/external/pubs/f/scr/20 12/cr12195.pdf.) 

International Monetary Fund, 2013, World economic outlook, October 2013: 
New York, NY, International Monetary Fund, October. (Accessed January 30, 
2014, at http://www.imf.org/external/pubs/ft/weo/2013/02/pdf/text.pdf.) 

Iron and Steel Technology, 2013, AIST 2013 North American blast furnace 
roundup: Warrendale, PA, Iron and Steel Technology, March, p. 218. 

Iron and Steel Technology, 2014, AIST 2014 EAF roundup: Warrendale, PA, 
Iron and Steel Technology, February, p. 130. 

Mackenzie, James, 2012, Steel pollution case highlights Italy’s slow decline: 
Business and Financial News, Aug 29. (Accessed February 10, 2014, 
at http://www.reuters.com/assets/article/20] 2/08/29/us-italy-pollution- 
idUSBRE87S07B20120829.) 

Midrex Technologies, Inc., 2013, 2012 world direct reduction statistics: 
Charlotte, NC, Midrex Technologies, Inc., 12 p. (Accessed July 13, 2013, via 
http://www.midrex.com/.) 

U.S. Bureau of Labor Statistics, 2013, Producer price index—Commodities— 
Steel mill products—WPU1017: Washington, DC, U.S. Bureau of Labor 
Statistics. (Accessed November 2, 2013, at http://data.bls.gov/cgi-bini/ 
surveymost?wp.) 

World Bank, The, 2014, Global economic prospects: Washington, DC, The World 
Bank, January 14. (Accessed January 30, 2014, at http:/Aveb.worldbank.org/ 
en/publication/global-economic-prospects/overview.) 

World Steel Association, 2013a, World steel in figures 2013: Brussels, 
Belgium, World Steel Association, June 30. (Accessed January 13 
2014, at http://worldsteel .org/media-centre/press-releases/20 13/ | 
World-Steel-Figures-2013.html.) 

World Steel Association, 2013b, World steel short ra 
Belgium, World Steel Association, October 7. 
2014, at http://www.worldsteel.org/media- 
worldsteel-short-range-outlook.html.) 


nge outlook: Brussels, 
(Accessed February 3, 
centre/press-releases/2013/ 


GENERAL SOURCES OF INFORMATION 
U.S. Geological Survey Publications 


Iron. Ch. in United States Mineral Resour 
Paper 820, 1973. 
Iron and Steel. Ch. in Mineral Commodity S i 
um 
Iron and Steel (Ее). Ch. in Metal Prices X а 


in the United Stat 
Through 2010, Scientific Investioat: ВИ 
2 vestigations Report 2012-5188, 


Ces, Professional 


373 


Iron and Steel Scrap. Mineral Industry Surveys, monthly. 

Iron and Steel Scrap (Fe). Ch. in Metal Prices in the United 
States Through 2010, Scientific Investigations Report 2012- 
5188, 2013. 

Iron and Steel Slag. Ch. in Mineral Commodity Summaries, 
annual. 

Iron and Steel Slag. Ch. in Minerals Yearbook, annual. 

Iron Ore. Ch. in Mineral Commodity Summaries, annual. 

Iron Ore. Ch. in Minerals Yearbook, annual. 

Iron Ore. Mineral Industry Surveys, monthly. 


Other 


American Metal Market, daily. 
Annual Statistical Report, American Iron and Stee! Institute, 


Directory of Iron and Steel Plants, Association of Iron and Steel 
Engineers, Pittsburgh, PA. 

HYL, the Iron & Steel Technology Division of HYLSA, S.A. de 
C.V. HYL Report. 

Iron and Steel. Ch. in Mineral Facts and Problems, U.S. Bureau 
of Mines Bulletin 675, 1985. 

Iron and Steelmaker, American Institute of Mining, 
Metallurgical, and Petroleum Engineers—Iron and Steel 
Society, Warrenton, PA. 

Making, Shaping, and Treating of Steel, Association of Iron and 
Steel Engineers, Pittsburgh, PA. 

Metal Bulletin, weekly. 

Steel Manufacturers Association, Washington, DC. 

Steel Statistical Yearbook, International Iron and Steel Institute, 
Brussels, Belgium. 


Washington, DC. 
Direct from Midrex quarterly, Midrex Direct Reduction 
Corporation. 


Steel Times International. 


TABLE 1 
SALIENT IRON AND STEEL STATISTICS! 


(Thousand metric tons unless otherwise noted) 


2008 2009 2010 2011 2012 
Pig iron: 
Production? 33,700 19,000 26,800 30,200 32,100 
Exports? 51 10 2,220 51 94 
Imports for consumption? 4,980 2,420 3,780 4,190 4,270 
Direct-reduced iron: 
Production" Е 260 = = Е ~ 
__ Exports" _ 1 (5) | 4 (5) 
Imports for consumption? 2,340 1,020 1,640 1,800 2,470 
Raw steel production:° 
Carbon steel 84,100 55,200 73,600 79,100 81,900 
Stainless steel 1,930 1,620 2,200 2,070 1,980 
All other alloy steel 5,810 2,620 4,680 5,220 4,770 
Total 91,900 59,400 80,500 86,400 88,700 
Capability utilization, percentage 81.4 52.4 70.4 74.4 75.2 
Steel mill products: 
Net shipments? 89,400 56,400 75,700 83,300 87,000 
Exports” 12,200 8,420 11,000 12,200 12,500 
Imports” m 29,000 14,700 21,700 25,900 30,400 
Producer price index (1982=100.0)' 220.6 165.2 191.7 216.2 208.0 
World production: 
Pig iron А B 931,000 919,000" 1,030,000" 1,100,000" 1,110,000 
Direct-reduced iron‘ 67,800" 66,5007 72,6007 79,4007" 69,900 
Raw steel 1,330,000 1,230,000 * 1,430,000" 1,520,000 1,550,000 


"Revised. -- Zero. 


1 
Data аге rounded to по three sieni ri E 
анолй А ы than three significant digits, except producers price index; тау not add to totals shown. 
ata are from the American Iron and Steel Institute (AISI). 


ЗРав are from ће U.S. Census Bureau. 


4 с 
Data are from Midrex Technologies, Inc., governments, and companies. 


"Less than М unit. 


6 • 
Raw steel is defined by AISI as steel in the first solid state after melting, suitable for rolling. 


‘Data are from the U.S. Bureau of Labor Statistics. 
Data are from the U.S. Geological Survey and the World Steel Association. 
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TABLE 2 
MATERIALS CONSUMED IN BLAST FURNACES AND 
PIG IRON PRODUCED! 


(Thousand metric tons) 


Material 2011 2012 

Iron oxides: 
Ores — — 
Pellets 39,300 ' 40,600 
Sinter 5,780 ' 5,640 
Total 45,100 ' 46,300 
Scrap? 2,280 2,560 
Coke? 9,270 9,490 
Pig iron, produced 30,200 32,100 


"Revised. — Zero. 


'Data are rounded to no more than three significant digits; may not add 
to totals shown. 


? American Iron and Steel Institute. 


? Includes sintered ore and pellet fines, dust, mill scale, and other revert 
iron-bearing materials; also some nodules. 


^Mainly briquetted turnings and borings, shredded scrap, etc.; scrap 
produced at blast furnaces and remelt not included. 
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DISTRIBUTION OF SHIPMENTS 


DC LE C ELE 
Quantity 


ы уым = ышы ее ee Se 


Shipments by steel type: 
Carbon steel 
Alloy steel 


ЭМО) ем. с шш ————————— 


Stainless steel 
Total 

Steel mill products: 
Ingots, blooms, billets, and slabs 
Wire rods 
Structural shapes, heavy 
Steel piling 
Plates, cut lengths 
Plates, in coils 
Rails 
Railroad accessories 
Bars, hot-rolled 
Bars, light-shaped 
Bars, reinforcing 


 Darmsremioreng — 8 Á 0. 
Bars, cold finished 


Tool steel 


NS o oS 
Pipe and tubing, standard pipe 
Pipe and tubing, oil country goods 


Pipe and tubing, line pipe 


 PIpE2Hed ipi V ма =. 
Pipe and tubing, mechanical tubing 


Pipe and tubing, pressure tubing 
Pipe and tubing, stainless 

Pipe and tubing, structural 

Wire 

Tin mill products, blackplate 
Tin mill products, tinplate 

Tin mill products, tin free steel 


Tin mill products, tin coated sheets 


Sheets, hot-rolled 
Sheets, cold-rolled 


Sheets and strip, hot dip galvanized 


Sheets and strip, electrogalvanized 


Sheets and strip, other metallic coated 


Sheets and strip, electrical 
Strip, hot rolled 


Strip, cold rolled — 
Total 
Shipments by markets: 


Service centers and distributors 


Construction 
Automotive 
Machinery 
Containers 
All others 


TABLE 3 
OF STEEL MILL PRODUCTS, BY STEEL TYPE, PRODUCT, 


AND MARKET! 


Total 
-- Zero. 


lis "E s 
Data are rounded to no more than three significant digits, except percentages; may not add to totals shown. 


Source: American Iron and Steel Institute. 
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(thousand metric tons) 
2011 2012 2011 
77,900 81,600 93.49 
3,530 3,520 4.24 
1,890 1,900 2.27 
83,300 87,000 100.00 
811 951 0.97 
1,960 2,400 2.35 
4,830 5,030 5.80 
354 -- 0.42 
6,370 6,170 7.65 
2,780 2,950 3.33 
843 749 1.01 
192 260 0.23 
4,510 5,190 5.41 
1,870 2,130 2.25 
5,060 5,650 6.07 
1,370 1,510 1.65 
7 -- 0.01 
779 715 0.93 
2,390 2,320 2.86 
438 582 0.53 
658 618 0.79 
46 34 0.06 
7 11 0.01 
53 53 0.06 
356 384 0.43 
123 84 0.15 
1,520 1,470 1.82 
395 376 0.47 
73 79 0.09 
19,700 19,500 23.60 
9,700 10,500 11.64 
12,400 13,900 14.82 
1,390 1,360 1.67 
1,480 1,430 1.77 
339 59 0.41 
51 44 0.06 
565 579 0.68 
83,300 87,000 100.00 
25,000 23,600 29.95 
16,300 17,600 19.57 
11,300 13,400 13.57 
978 989 1.17 
1,900 1,900 2.28 
27,900 29,600 33.45 
83,300 87,000 . 100.00 
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Percentage 


2012 


93.78 
4.04 
2.18 

100.00 


1.09 
2.16 
5.78 
7.09 
3.39 
0.86 
0.30 
5.97 
2.44 
6.50 
1.73 
0.82 
2.67 
0.67 
0.71 
0.04 
0.01 
0.06 
0.44 
0.10 
1.69 
0.43 
0.09 
22.35 
12.04 
15.98 
1.56 
1.65 
0.07 
0.05 
0.67 
100.00 


27.10 
20.22 
15.41 
1.14 
2.18 
33.96 


100.00 
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TABLE 4 
U.S. IMPORTS AND EXPORTS OF STEEL MILL PRODUCTS, 
BY COUNTRY! 


(Thousand metric tons) 


2011 2012 

Country Imports Exports Imports Exports 
Argentina 5 167 13 188 6 
Australia -- 33 -- 34 
Brazil 2,820 145 3,590 212 
Canada 5,470 6,110 5,220 6,180 
China 1,120 133 1,510 109 
European Union” 2,680 445 3,600 429 
Germany 975 94 1,210 65 
Japan 1,820 19 2,360 24 
Korea, Republic of 2,570 64 3,340 45 
Mexico 2,620 3,120 2,450 3,750 
Russia 1,250 -- 2,180 -- 
South Africa ___ 131 7 88 8 
Sweden 268 8 296 22 
Taiwan 587 139 756 57 
Turkey 665 -- 1,220 -- 
Ukraine 325 -- 236 ~- 
Venezuela -- 87 -- 108 
Other 2,380 1,770 2,120 1,430 
Total 25,900 12,200 30,400 12,500 


-- Zero. 


"Рака are rounded to no more than three significant digits; may 
not add to totals shown. 


?Excludes Germany and Sweden. 


Source: American Iron and Steel Institute. 
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TABLE 5 
U.S. EXPORTS OF IRON AND STEEL PRODUCTS! 


(Thousand metric tons) 


LLL mx 20 
_ Ingots, blooms, billets, and slabs 904 817 
_Wirerods _______- 189 160 
_ Structural shapes, heavy — — — 1,060 1,190 
~ Steel piling O _ 38 23 
Plates, cut lengths 1,230 1,210 
Plates, in coils O O O 850 620 
_ Rails, standard O O O O OOO O O 0 99 146 

Rails, other 18 43 

Railroad accessories 32 29 

Bars, hot-rolled 683 655 

Bars, light-shaped 197 150 

Bars, concrete reinforcing 523 602 

Bars, cold-finished 182 180 

Tool steel 46 92 

Pipe and tubing, standard pipe 135 104 

Pipe and tubing, oil country goods 437 431 

Pipe and tubing, line pipe 145 319 

Pipe and tubing, mechanical tubing 54 90 

Pipe and tubing, stainless 42 48 

Pipe and tubing, nonclassified 443 469 

Pipe and tubing, structural 222 295 

Pipe for piling 17 14 

Wire 200 184 

Tin mill products, blackplate 4 23 

Tin mill products, tinplate 214 159 

Tin mill products, tin free steel 20 16 

Sheets, hot-rolled 705 842 

Sheets, cold-rolled 939 982 

Sheets and strip, hot-dip galvanized 1,140 1,200 

Sheets and strip, electrogalvanized 424 394 

Sheets and strip, other metallic coated 276 268 

Sheets and strip, electrical 230 182 

Strip, hot-rolled 188 192 

Strip, cold-rolled 326 339 

Total 12,200 12,500 
Fabricated steel products: 

Structural shapes, fabricated 388 556 
Rails usd —— 16 4 
 Railadproducs ——— 148 132 
_Wirerope 7 20 21 
— Wire stranded products — — — — 33 Ы 
__Wire, other products 126 120 
Springs — —— —  — — — —— 167 187 
. Маз апд заре 7 o o 29 28 
. Fasteners с 666 417 
_ Chainsandpats с 45 42 
_Grindingballs с 118 131 
.Pipeandtubefittings — — — — — 40 44 
Others _____- 280 ' 278 

Total 2,080 ' 1,990 

Grand total 14,300 € 14,500 
_ Cast steel pipe fittings 19 23 
_Cast iron pipe and fittings —  — — 55 47 

Cast steel rolls 1 1 

Cast grinding balls 3] 49 


Seet footnotes at end of table. 
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TABLE 5—Continued 
U.S. EXPORTS OF IRON AND STEEL PRODUCTS! 


(Thousand metric tons) 
2011 2012 
Cast iron and steel products:—Continued 
Granules, shot and grit 36 35 
Other castings 87 89 
Total 229 ' 244 


"Revised. 

!Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes shapes cold formed, sashes and frames, fence and sign post, architectural 

and ornamental work, and conduit. 


Source: American Iron and Steel Institute. 
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ТАВГЕ 6 
U.S. IMPORTS OF MAJOR IRON AND STEEL PRODUCTS' 


(Thousand metric tons) 


2011 2012 
— Ingots, blooms, billets, andslabs — 6,060 6,940 
Wire rods 921 995 
Structural shapessheavy о 465 437 
“Steel piling — 0 0 94 80 
Plates, cut lengths __ 1,060 1,260 
Plates in coils o o o o o 1,230 1,400 
Rails and railroad accessories 277 313 
Bars, hot-rolled 1,200 1,400 
Bars, light-shaped 101 159 
Bars, reinforcing 595 889 
Bars, cold-finished 350 351 
Tool steel 156 159 
Pipe and tubing, standard pipe 755 877 
Pipe and tubing, oil country goods 2,640 3,280 
Pipe and tubing, line pipe 1,790 2,520 
Pipe and tubing, mechanical tubing 558 597 
Pipe and tubing, pressure tubing 121 91 
Pipe and tubing, stainless 115 131 
Pipe and tubing, nonclassified 17 15 
Pipe and tubing, structural 343 355 
Pipe for piling 13 12 
Wire 577 620 
Tin mill products, blackplate 40 39 
Tin mill products, tinplate 366 427 
Tin mill products, tin free steel 132 123 
Sheets, hot-rolled 2,420 2,550 
Sheets, cold-rolled 1,260 1,470 
Sheets and strip, hot-dip galvanized 1,330 1,820 
Sheets and strip, electrogalvanized 88 90 
Sheets and strip, other metallic coated 483 601 
Sheets and strip, electrical 103 108 
Strip, hot-rolled 61 106 
Strip, cold-rolled 144 149 
Total 25,900 30,400 
Fabricated steel products: 
__Structural shapes, fabricated — — — 587 Ds 
Rails, used 71 71 
_ Railroad products 180 185 
_Wirerope ——  ________ 140 140 
ИЕ MER 211 244 
Spring — —  —— 330 356 
.Nailsandstaples o 506 542 
Fasteners 1,000 1,060 
_Chainsandparts с 142 147 
Pipe and tube fittings — — —  — 338 415 
Other 760 716 
Total 4,270 4,690 
Grand total 30,100 35,100 
_ Cast steel pipe fittings о 127' 133 
_Castiron pipe and fittings — 29 35 
Other products 384 385 
Total 540' 553 
"Revised. 


a _______________"______ | 259 _________29з 


Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: American [гоп and Steel Institute. 
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TABLE 7 


U.S. IMPORTS OF STAINLESS STEEL 


(Metric tons) 

Product 2011 
Semifinished 132,000 
Plate 158,000 
Sheet and strip 356,000 
Bars and shapes 143,000 
Wire and wire rods 63,800 
Pipe and tube 115,000 
Total 968,000 


2012 
167,000 
184,000 
356,000 
144,000 

68,100 
131,000 


1,050,000 


! Data are rounded to no more than three significant digits; 


may not add to totals shown. 


Source: American гоп and Steel Institute. 


TABLE 8 


COAL AND COKE AT COKE PLANTS"? 


(Thousand metric tons) 

2011 

Coal, consumption 19,400 
Соке: 

Production 14,000 

Exports 880 

Imports 1,290 

Consumption, apparent 14,400 


!Data are rounded to no more than three significant digits. 


"Includes furnace and merchant coke plants. 


Соке production and consumption do not include breeze. 


Source: U.S. Energy Information Administration, Quarterly Coal Report, 


DOE/EIA-0121(2012/04Q). 
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ТАВГЕ 9 


PIG IRON AND DIRECT-REDUCED IRON: WORLD PRODUCTION, BY СООМТЕХ ">> 


Country? 
Algeria 
Argentina: 
Pig iron 
Direct-reduced iron 
Australia 
Austria 
Belgium 
Bosnia and Herzegovina 
Brazil: 
Pig iron 
Direct-reduced iron 
Bulgaria 


Burma, pig топ“ 
Canada: 
Pig iron 
Direct-reduced iron 
Chile 
China? 
Colombia 
Czech Republic 
Egypt: 
Pig iron 


Direct-reduced iron? 
Finland 
France 
Gerrnany: 

Pig iron 


Direct-reduced iron* 
Hungary 
India: 
Pig iron 
Direct-reduced iron 


Indonesia, direct-reduced iron* 
Iran 
Pig iron 
Direct-reduced iron 
Italy 
Japan 
Kazakhstan 
Korea, North* 
Korea, Republic of 
Libya, direct-reduced iron 
Malaysia, direct-reduced iron 
Mexico: 
Pig iron 
Direct-reduced iron 
Morocco" 
Netherlands’ 
New Zealand" 
Norway 
Oman, direct-reduced iron 
Pakistan- 
Paraguay 


See footnotes at end of table. 150 45 68 


(Thousand metric tons) 
2008 2009 
690 * 493 
2,581 2,042 
1,847 807 
6,409 4,370 
5,795 4,353 
7,125 3,087 
243 482 
34,871 25,135 
МА ' NA' 
441 -- 
2 2 
8,770 5,000 
690 300 
1,109 923 
470,670 552,830 
300 342 
4,737 3,483 
1,000 3,900 
2,600 3,100 
2,943 2,042 
11,372 8,105 
29,111 20,104 
520 380 
1,289 1,050 
29,000 34,000 
21,200 22,030 
1,290 1,230 
2,200 2,400 " 
7,500 8,200 ' 
10,373 5,719 
86,171 66,943 
3,106 2,996 
900 900 
31,043 27,475 
1,569 1,097 
1,957 2,388 
4,670 3,929 
5,940 4,203 
15 15 
6,130 4,655 
622 608 
100 100 
1,000 700 € 
145 146 


25,000 ' 
NA‘ 


2 


7,666 ' 
600 * 
635 
597,330 
327 
3,987 


3,600 
3,000 
2,600 
10,137 


28,560 
450 
1,325 


38,685 
23,420 
1,360 


2,500 " 

9,400 " 
8,549 
82,283 
2,084 
900 
31,228 
1,270 
2,390 


4,720 
5,455 
15 
5,799 
667 
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31,000 
NA‘ 


7,323 ' 
700 
1,072 ' 
640,510 " 
295 ' 
4,137 


3,600 * 
2,970 

2,600 * 
9,700 * 


27,943 € 
380 
1,317' 


43,600 * 
27,560 
1,200 ' 


2,500 
14,000 " 
9,800 
81,028 
3,141 

900 

42,213 

300 
2,876 " 


4,600 * 

5,900 * 
12 

5,900 * 
659 


7,654 P 
840 Ре 


1,065 
657,900 
345 
3,936 


3,440 
2,840 
2,500 
9,531 


27,048 
560 
1,229 


48,000 
19,700 
1,300 


2,100 
11,600 
9,418 
81,405 
2,707 
900 


40,000 * 


510 


2,900 * 


4,762 
5,530 
12 
5,909 
669 
100 
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PIG IRON AND DIRECT-REDUCED IRON: WORLD PRODUCTION, BY COUNTRY ++“ 


________ Com __ ов _ 299 _ 200 200 _ 202 — 


Peru: 
Pig iron" 
Direct-reduced iron 
Poland 
Portugal" 
Qatar, direct-reduced iron 
Romania 
Russia: 
Pig iron 
Direct-reduced iron* 
Saudi Arabia, direct-reduced iron* 
Serbia 
Slovakia 
South Africa: 
Pig iron 
Direct-reduced iron 
Spain 
Sweden 
Taiwan 


Trinidad and Tobago, direct-reduced iron 


Turkey 
Ukraine 
United Kingdom 
United States: 
Pig iron 
Direct-reduced iron 
Venezuela, direct-reduced iron 
Grand total 
Of which: 
Pig iron”? 
Direct-reduced поп" 


TABLE 9—Continued 


(Thousand metric tons) 


2008 


330 € 

NA" 
4,934 

100 
1,700 * 
2,945 


48,300 
4,560 
4,970 ® 
1,582 
3,529 


5,138 
1,178 
3,995 
3,583 ' 
9,750 
1,600 
6,697 ' 
30,982 
10,137 


33,700 

260 
8,400 ' 

998,000 


931,000 
67,800 " 


“Estimated. PPreliminary. 'Revised. NA Not available. -- Zero. 
"World total, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


"Production is pig iron unless otherwise specified. 


2009 


330 ' 

NA‘ 
2,984 ' 

100 
2,100 
1,575 


43,930 
4,670 
5,000 
1,006 
3,019 


4,444 
1,340 
4,200 ' 
1,966 ' 
7,939 
1,182 
6,913 € 
25,682 
7,674 


19,000 


8,500 ' 
986,000 


919,000 ' 
66,500 ' 


2010 


330' 

NA‘ 
3,638 

100 
2,157 
1,880 


48,200 
4,700 
5,500 * 
1,265 
3,649 


5,429 ' 
1,120 
3,572" 
3,447 " 
9,358 
1,752 
7,677 ' 
27,361 
7,235 


26,800 


8,500 °° 


1,100,000 ' 


1,030,000 * 
72,600 * 


*Direct-reduced iron is obtained from ore by reduction of oxides to metal without melting. 
^Excludes ferroalloy production except where otherwise noted. Includes data available through July 17, 2014. " 
п addition to the countries listed, Brazil and Peru had produced direct-reduced iron; and Vietnam may have produced limited 


quantities of pig iron during 2008—12, but output is not reported and available information is inadequate to make reliable estimates 


of output levels. 


"Figures reported by State Statistical Bureau that the Government of China considers to be official statistical data. 


"Includes blast furnace ferroalloys. 
Вероцеа figure. 
?Smederevo plant closed July 31, 2012. 


Includes unspecified pig iron and direct-reduced iron. 


"Listed separately. 
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2011 


330 ' 

МА " 
3,975 ' 

100 
2,230 
1,600 * 


48,000 =° 


4,900 ' 
5,800 * 
1,226 

3,346 ' 


4,604 ' 
1,414 ' 
3,540 € 
3,240 ' 
12,940 
1,915 


7,700 "° 


28,881 
6,600 


30,200 


4,470 * 
1,180,000 * 


1,100,000 " 
79,400 " 


2012 


330 

NA 
3,952 

100 
2,420 
1,500 * 


49,000 * 
5,000 
5,700 

312? 
3,400 * 


4,900 * 
1,600 * 
3,570 
2,800 * 
11,800 * 
1,699 
8,600 * 
28,514 
7,252 


32,100 


4,594 
1,180,000 


1,110,000 
69,900 


37.13 


37.14 


TABLE 10 


RAW STEEL: WORLD PRODUCTION, BY COUNTRY >> 


(Thousand metric tons) 

Country’ 2008 2009 2010 2011 2012 
Albania 380 440 390 ^* 464 ' 500 • 
Algeria 646 543 696 440 500 
Argentina 5.44] 4,014 5,138 5,655 4,995 
Australia 7,724 6,135 7,140 6,538 4,894 
Austria 7,594 5.662 7,206 7,474 7,421 
Azerbaijan 75 79 129 232° 235 * 
Belarus 2,660 2,449 2,672 2,779 ' 2,750 * 
Belgium 10,676 5.636 7,973 ' 8,026 ' 7,386 
Bosnia and Herzegovina, ingot production 608 519 591 649 700 
Brazil? 33,726 26,506 33,033 ' 35,200 ' 35,000 * 
Bulgaria 1,330 726 740 834 633 
Burma 25 25 25 25 25 
Canada 14,845 9,245 13,003 12,891 ' 13,507 P 
Chile? 1,523 1,308 1,011 1,615 ' 1,683 
Chinaf 500,490 572,180 637,230 685,280" 716,540 
Colombia 1,053 1,079 1,209 1,290 1,324 
Croatia® 122 ' 52 7 110 100 100 
Cuba? 274 ! 274 265 290 317 
Czech Republic 6,387 4,594 5.180 5.583 5.072 
Ecuador 128 259 368 525 479 
Egypt 6,198 5.508 6,700 6,486 6,600 
El Salvador 71 56 51 100 92 
Ethiopia, all from scrap" 150 150 150 130 130 
Finland 4,418 3,078 4,029 ' 3,989 : 3,759 
France 17,874 12,836 15,416 15,800 15,607 
Germany 45,833 32,671 43,830 44,284 ' 42,661 
Greece 2,400 2,082 2,100 2,000 * 1,800 
Guatemala 250 224 272 445 301 
Hong Kong 550 550 500 200 -- 
Нипрагу 2,097 1,403 1,678 1,746 ' 1,543 
India 57,800 63,500 68,300 73,500 ' 71,600 
Indonesia 3,915 3,500 * 3,700 3,600 ' 3,700 
qum 9,960 7 10,000 12,000 13,000 14,500 
Israel 480 380 430 430° 430 
Te а= ee es 30,477 19,737 25,751 28,700 27,227 
Japan 118,739 87,534 109,599 107,601" 107,232 
Jordan* 150 150 150 150 100 
Kazakhstan 4,244 3,324 ' 3,338 ' 3,699 ' 2,607 
[C MMC op - 240 260 260 290 290 
Korea, North 1,279 7 1,300 1,300 1,300 1,300 | 
Korea, Republic of 53,322 48,752 58,014 68,519 | ү 
Latvia“ 635 ' 692 ' 655° 515 se 
а 1,137 914 825 100 | is 
nre C NUM е с 2,582 2.215 2.563 2,521 s 
Е ы ыле СЕ 252 276 29! n ee 
Мын eee eee, ©. 7 sms ssl i 

JC 2 

ee 17,209 14,172 17,041 18,100 18,178 
Dee. эзы ы iue eec eps аса 985 426 242 321 317 
Moldova «^... ———————— — — — 202 € 90 95 * 42' 100 * 
Me нв eee oe ec urs 6.853 5.194 6,651 6,900 6,867 
Netherlands — 7 —— 853 165 853 844 912 
New Zealand _____________-------- 560 ' 579 г 514 ' 620 ' 590 
NON Se 1,100 7 1,100 1,100 1,200 1,200 5 
Pakistan | ———————————— 00 130 7 130 59° 30 " = 


Ка ы сс кча T ee кишиле сш 


See footnotes at end of table. 
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TABLE 10—Continued 
RAW STEEL: WORLD PRODUCTION, BY COUNTRY"? 


(Thousand metric tons) 


Country* 2008 2009 
Реги“ 750 ' 750 ' 
Philippines 711 824 
Poland 9,727 7,128 * 
Portugal 1,630 ' 1,587 ' 
Qatar 1,146 ' 1,566 ' 
Romania 5,035 2,761 
Russia 68,700 59,800 ' 
Saudi Arabia 4,670 4,700 
Serbia 1,662 1,097 
Singapore" 750 ' 620 
Slovakia 4,478 € 3,747 
Slovenia 692 ' 463 ' 
South Africa 8,246 7,484 
Spain 18,600 ' 14,400 ' 
Sri Lanka МА ' NA‘ 
Sweden 5,196 " 2,805 ' 
Switzerland 1,257 ' 984" 
Syria 63 ' 61' 
Taiwan 19,222 15,566 
Thailand 5,211 3,645 
Trinidad and Tobago 489 417 
Tunisia 82 155 
Turkey 26,809 25,304 ' 
Uganda? rad 7" 
Ukraine 37,279 29,855 
United Arab Emirates‘ 100 " 100 " 
United Kingdom 13,538 10,079 ' 
United States 91,900 59,400 
Uruguay 86 ' 57" 
Uzbekistan 686 716 
Venezuela 4,225" 3,808 ' 
Vietnam* 2,250 2,700 ' 
Zimbabwe" 10 ' 14" 
Тога! 1,330,000 ' 1,230,000" 


"Estimated. PPreliminary. 'Revised. МА Not available. -- Zero. 


2010 
750' 
1,050 ° 
7,996 
1,351 €" 
1,705 ' 
3,896 
66,800 ' 
5,000 
1,254 
728 ' 
4,580 " 
566 ' 
7,617 
16,343 ' 
МА: 
4,844 ' 
1,330 ' 
63 ' 
20,498 
4,145 
572 
115" 
29,030 ' 
7 T 
33,559 
500 ' 
9,709 
80,500 
65 ' 
731' 
2,207 ' 
4,314 ' 
14° 


1,430,000 ' 


2011 
750 ' 
1,200 ' 
8,777 ' 
1,400 * 
1,821" 
3,811 * 
68,100 ' 
5,300 * 

1,324 

650 
4,236 ' 
706 ' 
7,546 ' 
15,591 " 
NA' 
4,866 ' 
1,400 * 


63 " 


22,879 
4,000 ' 
610 
119 т 
34,000 
7 r 
35,332 
2,000 ' 
9,478 ' 
86,400 
80 ' 
746 ' 


2,200 ^* 


4,500 ' 
15' 


1,520,000 * 


2012 
750 
1,200 
8,366 
1,400 ° 
2,100 
3,417 
68,500 * 
5,200 * 
345 8 
700 
4,250 
600 
7,100 * 
15,600 * 
NA 
4,326 
1,250 
70 
21,083 
4,000 * 
568 
180 
36,000 * 
7 
32,912 
2,800 
9,819 
88,700 
44 
750 * 
2,555 
4,500 


1,550,000 


World total, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
?Steel formed in solid state after melting, suitable for further processing or sale; for some countries, includes material reported as 
"liquid steel," presumably measured in the molten state prior to cooling in any specific form. 


"Includes data available through July 17, 2014. | | ae 
‘In addition to the countries listed, Mozambique and Sri Lanka are known to have steelmaking plants, but available information 1s 
inadequate to make reliable estimates of output levels. 


5 а 
Excludes castings. 


°F igures reported by the State Statistical Bureau that the Government of China considers as official statistical data. 


"Reported figure. 


Smederevo plant closed July 31, 2012. 
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IRON AND STEEL SCRAP 
By Michael D. Fenton 


Domestic survey data and tables were prepared by Hoa P. Phamdang, statistical assistant. 


Iron and steel scrap is a vital raw material for the production 
of new steel and cast-iron products. The steelmaking and 
foundry industries in the United States are highly dependent 
upon the ready availability of scrap from manufacturing 
operations and from the recovery of products that are no longer 
used or needed. The steel industry has been recycling steel scrap 
for more than 150 years, using electric arc furnaces (EAF), 
which accounted for about 6096 of the total raw steel produced 
in 2012. 

Steel scrap recycling conserves energy, landfill space, and 
raw materials. In 2012, the domestic steel industry recycled, or 
exported for recycling, nearly 77 million metric tons (Mt) of 
appliances, automobiles, cans, construction materials, and other 
steel products (G.L. Crawford, Steel Recycling Institute, unpub. 
data, August 15, 2013). This resulted in an overall recycling 
rate of about 8896. The remelting of scrap requires much less 
energy than does the production of iron and steel products from 
iron ore. Each year, steel recycling saves the energy equivalent 
of the electrical power needed for 1 year by approximately 
one-fifth of the houses in the United States (about 18 million 
houses). Consumption of iron and steel scrap by remelting 
reduces the burden on landfill disposal facilities and prevents the 
accumulation of abandoned steel products in the environment. 

In the United States, the primary source of obsolete steel is 
the automobile. By weight, the typical car consists of about 
60% iron and steel. The steel used in the outside shell of car 
bodies is made of about 2596 recycled steel (G.L. Crawford, 
Steel Recycling Institute, unpub. data, August 15, 2013). 

The steel industry recovered and recycled almost 14.8 Mt of 
iron and steel from about 11.8 million end-of-life vehicles 

in 2012. The recycling rate for automotive scrap was 92.596 

in 2012. About 12,500 vehicle dismantlers in North America 
resold parts processed through an estimated 300 car shredders. 
The number of shredders operating in scrap yards in North 
America increased from an estimated 193 in 2000 to about 
300 in 2012 (J. Pambrosia, Metal Bulletin Ltd., unpub. data, 
September 12, 2013). 

The annual average recycling rate of obsolete appliance scrap 
continued at a high of about 90% in 2012, the same as that 
of 2011. During 2012, almost 2.6 Mt of steel was recovered 
from recycled appliances, about the same as that of 2011. The 
typical appliance consists of about 6096 steel, and the steel used 
In appliances is made with a minimum of 25% recycled steel. 
The recycling rate of steel containers increased to almost 67% 
ш 2012 from 15% in 1983 (G.L. Crawford, Steel Recycling 
Institute, unpub. data, August 15, 2013). More than 17 Mt of 
Steel containers were recycled. The estimated rate of recycling 
of structural beams and plates from 2004 through 2012 was 
about 9876, an increase from 8596 in 1997. Recycling rates for 
reinforcement bar and other materials increased to 70% in 2012 
from 4094 in 1997. 
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Minimills, in which EAFs are used, consumed direct-reduced 
iron (DRI) to improve steel quality, and integrated steelmakers 
continued to use small quantities of DRI in blast furnaces as 
a process coolant. Minimills commonly use a feed mix that 
has equal proportions of DRI, pig iron, and scrap. Raw steel 
production in the minimill industry increased slightly during 
2012 (American Iron and Steel Institute, 2013, p. 72). DRI 
production remained at zero, the same as in 2010 and 2011 
(Midrex Technologies, Inc., 2013). 


Consumption 


Domestic data for ferrous scrap were derived by the USGS 
from voluntary monthly or annual surveys of U.S. scrap- 
consuming operations. About 6096 of the known manufacturers 
of pig iron and raw steel responded to the surveys. Their 
responses represented about 35% of the 56 Mt of ferrous scrap 
consumed by this class of consumers (table 1). The remaining 
6596 of scrap consumption was estimated based on prior reports. 
Of the iron foundries, manufacturers of steel castings, and 
miscellaneous users, about 5196 of the surveyed establishments 
responded to the annual survey, which represented about 4676 of 
scrap consumed by this class of consumers. Total consumption 
for these two classes of consumers included estimates based 
on statistical methods and prior reports plus actual survey 
responses. Actual survey data accounted for about 46% of total 
ferrous scrap consumption by all classes of scrap consumers. 

In 2012, brokers, dealers, and other outside sources supplied 
domestic consumers with 53 Mt of all types of ferrous scrap 
at an estimated delivered value of $19.9 billion, and exported 
21.4 Mt (excluding used rails for rerolling and other uses; 
and ships, boats, and other vessels for scrapping) valued at 
$9.4 billion (tables 1, 8, and 11). Raw steel production was 
88.7 Mt in 2012 compared with 86.4 Mt in 2011 (American 
Iron and Steel Institute, 2013, p. 73). The shares of raw steel 
produced by EAF and basic oxygen furnaces were 59% and 
419^, respectively. In 2012, continuous cast steel production 
represented 99% of total raw steel production; this was slightly 
more than that of 2011. Raw steel production capability 
increased to 118 Mt from 116 Mt in 2011 (American Iron and 
Steel Institute, 2013, p. 75). The capability utilization index 
increased to 75.2% in 2012 from 74.4% in 2011. 

Steel foundries accounted for 52% of all scrap received 
from brokers, dealers, and other outside sources; steel mills 
received 4796; and miscellaneous users received 1% (table 1). 
Apparent total domestic consumption of ferrous scrap was 
50.0 Mt, as measured by net receipts (total external receipts 
minus shipments) and 10.0 Mt of home scrap production 
(table 2). Stocks of ferrous scrap at consumer plants increased 
by 596 to 4.2 Mt (table 1). Total domestic consumption was 
63.1 Mt, slightly more than that of 2011 (table 1). The total 
market for U.S.-produced scrap (net receipts plus exports minus 
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imports) was 71.0 Mt, compared with 73.0 Mt in 2011 (table 1). 
Feedstock used in electric furnaces by all iron and steel product 
manufacturers comprised scrap, 87%; pig iron, 10%; and DRI, 
3% (table 4). Total consumption of DRI was 121% more than 
that of 2011 (table 1). Net shipments of all grades of steel mill 
products were about 87.7 Mt, which was an increase of 5% from 


the 83.3 Mt shipped in 2011(American Iron and Steel Institute, 
2013, p. 25). 


Prices 


The average composite delivered price of No. 1 heavy- 
melting steel scrap in 2012, calculated from prices per long 
ton published monthly by American Metal Market, was 
$373.90 per metric ton. The price ranged from a low of 
$317.35 per ton in October to a high of $433.67 per ton in 
January (table 8). The average composite delivered price 
of No. 1 heavy-melting steel scrap, calculated from prices 
per long ton published weekly in the Iron Age Scrap Price 
Bulletin, was $359.51 per metric ton; the price ranged from a 
low of $307.90 per ton in September and October to a high of 
$421.41 per ton in January. 

Based on weekly quotations by Iron Age Scrap Price 
Bulletin for 18-8 (18% chromium, 8% nickel) stainless steel 
scrap (bundles and solids) delivered to consumers in the 
Pittsburgh, PA, area, the average price in 2012 was about 
$1,789 per gross ton, an 18% decrease compared with that 
of 2011. 

The unit value of total ferrous scrap exports (excluding 
used rails for rerolling and other uses; and ships, boats, 
and other vessels for scrapping) decreased by 6% to about 
$441 per metric ton compared with that of 2011 (table 11). 
The unit value of total imports increased by 4% to about 
$427 per metric ton compared with that of 2011 (table 14). 


Foreign Trade 


Foreign trade valuation continued to be reported on a free- 
alongside-ship basis for exports and on a customs-value basis 
for imports. Jn 2012, the U.S. trade surplus for all classes of 
ferrous scrap (including used rails for гето пе and other uses; 
and ships, boats, and other vessels for scrapping) was 17.6 Mt 
valued at about $7.8 billion (tables 11, 14). This represented 
а decrease of 13% in quantity and a decrease of 19% in 
value compared with the 2011 surplus of 20.3 Mt valued at 


$9.7 billion. 


World Review 


Iron and steel scrap is an important raw material for the steel 
and foundry industries. Because scrap comes from such Sources 
as discarded cars, consumer durables, industrial machinery, 
manufacturing operations, and old buildings, the relatively 
mature industrialized economies are generally the main | 
exporters of scrap to lesser developed steelmaking countries. 

The United States exported more iron and steel scrap in 2012 
than any other country (21.4 Mt) followed by, in decreasing 
order of export tonnage, Germany (9.0 Mt), the EET - 
Kingdom (7.8 Mt), France (6.1 Mt), and Japan (5. t) ‹ Wo 
Steel Association, 2013а, p. 99-100). The leading importing 


382 


Google 


nations were, in decreasing order of import tonnage, Turkey 
(21.5 Mt), the Republic of Korea (8.6 Mt), China (6.8 Mt), 


Germany (6.2 Mt), and Italy (5.7 Mt) (World Steel Association, 
2013a, p. 101-102). 


Outlook 


Because of the close interdependence of the steelmaking and 
ferrous scrap industries, forecasts of the global steel industry in 
the context of the global economy serve as the bellwether of the 
scrap industry. 

The World Bank's forecast of global gross domestic product 
(GDP) growth for 2012, 2013, 2014, and 2015 was 2.3%, 2.2%, 
3.0%, and 3.3%, respectively, after 2.896 in 2011 (World Bank, 
The, 2013). The International Monetary Fund's projection of 
GDP growth for 2013 was 3.2596, which was lower than an 
earlier projection of 4.0% (International Monetary Fund, 2013, 
p. 7). The U.S. Federal Reserve's June 2013 projections for the 
2013 U.S. СОР rate of growth were between 2.396 and 2.6%, 
between 3.0% and 3.5% for 2014, and between 2.9% and 3.6% 
for 2015, which were lower than earlier projections (Board 
of Governors of the Federal Reserve System, 2013, p. 13). 

The СОР rate of growth for China in 2012 was 7.8% and was 
projected to be 8.096 in 2013 and 8.296 in 2014. The GDP rate of 
growth for India was projected to be 4.0%, 5.7%, and 6.2% for 
2012, 2013, and 2014, respectively (World Bank, The, 2013). 

World apparent steel consumption (ASC) was expected to 
increase by 2.996 to 1.45 billion tons (Gt) during 2013, after 
increasing by 1.296 in 2012, and then was expected to increase 
by 3.2% in 2014, to reach a historic high of 1.50 Gt (World Steel 
Association, 2013b). China's ASC was expected to increase 
by about 3.594 to 669 Mt in 2013, and then by 2.5% in 2014 to 
686 Mt. ASC in India was expected to increase by about 5.9% in 
2013 to about 75.8 Mt and by 7.0% in 2014. The U.S. АЗС was 
expected to increase by 2.796 to 99.3 Mt in 2013 and by 2.9% 
in 2014. The European Union's АЗС was expected to decrease 
by 0.596 to 139 Mt in 2013 and to increase by 3.396 to 144 Mt 
in 2014. In Japan, the 2013 ASC was expected to decrease by 
2.2% to 63 Mt, and to decrease an additional 0.6% in 2014. The 
ASC of the Commonwealth of Independent States was expected 
to increase by 294 to 58 Mt in 2013 and then by 4% to 60 Mt 
in 2014. | 

World capacity for РЕЈ production in 2012 was E 
be greater than 100 Mt (Midrex Technologies, Inc., 2013). y 
production worldwide reached 69.9 Mt in 2012, 12% less t " 
that in 2011 (Fenton, 2012, table 9). The leading producer о 
DRI was India, followed by, in descending order of tonnage, 
Iran, Venezuela, and Mexico. In 2012, additional DRI capacity 
of almost 21 million metric tons per year (Mt/yr) was p" 
construction in China, Egypt, India, Iran, Pakistan, Russia, the 
United States, and Venezuela. The leading technology Mi " 
according to declining order of production, the Midrex да не 
followed by coal-based, HYL/Energiron, and Finmet Fih = 
Worldwide РЕЈ production could surpass 200 Mt/yr be 
2025 and 2030 (Midrex Technologies, Inc., 2013). Te 

MEPS International Ltd. (2013) forecast total world 5 

каза :ncrease ог 4.796 from 
production in 2013 to be 1.62 Gt, an inct dent States, 
that in 2012. China, the Commonwealth of Indepen 4 South 
: ic of Korea, an 
the European Union, Japan, the Republic о 


OK—2012 
U.S. GEOLOGICAL SURVEY MINERALS YEARBO 


America were forecast to increase steel production only slightly 
in 2013. India was forecast to decrease steel production slightly 
in 2013. 
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ТАВГЕ 1 


SALIENT U.S. КОМ AND STEEL SCRAP, PIG IRON, AND DIRECT-REDUCED IRON STATISTICS! 


(Thousand metric tons and thousand dollars) 


Manufacturers of pig iron and raw steel and castings? 
Ferrous scrap consumption 


Pig iron consumption 
Direct-reduced iron consumption 


Net receipts of ferrous scrap” 

Home scrap production" 

Ending stocks of ferrous scrap, December 31 
Manufacturers of steel castings: 

Ferrous scrap consumption 

Pig iron consumption 

Direct-reduced iron consumption 


Net receipts of ferrous scrap? 

Home scrap production“ 

Ending stocks of ferrous scrap, December 31 
Iron foundries and miscellaneous users: 

Ferrous scrap consumption 

Pig iron consumption 

Direct-reduced iron consumption 


__Direct-reduced шоп consumption __________ 
Net receipts of ferrous scrap” 
Home scrap production" 
Ending stocks of ferrous scrap, December 31 
Total, all manufacturing types: 
Ferrous scrap consumption 


__ Ко owner елм _—— —_—— 


Pig iron consumption 


кии 


Direct-reduced iron consumption 


Net receipts of ferrous scrap” 
Home scrap production 
Ending stocks, December 31: 
Ferrous scrap at consumer plants 
Pig iron at consumer and supplier plants 
Direct-reduced iron at consumer plants 


Exports: : 
Ferrous scrap (includes tinplate and terneplate): 


Quantity 
Value 
Pig iron, all grades: 


Quantity 


Value 
Direct-reduced iron, steelmaking grade: 


Quantity 


Value 
aee йа 
Imports for consumption: 


Ferrous scrap (includes tinplate and terneplate):” 
Quantity 
Value 

Pig iron, all grades: 


Quantity 
Value 


Direct-reduced iron, steelmaking grade: 


Quantity 
Value 


"Revised. -- Zero. 


2008 


58,000 
33,600 
1,950 
49,800 
8,720 
3,730 


1,850 
12 


67,600 
34,400 
1,960 
56,500 * 
11,700 


4,340 
885 
435 


21,500 
10,400,000 


51 
11,400 


1 
97 


3,600 
1,450,000 


4,980 
2,800,000 


2,340 
971,000 


2009 2010 2011 2012 
47,700 53,500 56,400 55,800 
28,300 34,100 34,900 35,400 
_ 1,340 1,550 1,620 3,580 
39,800 46,100 48,400 48,200 

7,610 7,710 8,010 7,790 
2,820 3,030 3,650 3,770 
603 536 613° 639 
17 10 10 9 
14 Е EE = 
460 413 464 ' 472 
138 148 168 ' 189 
70 83 87 ' 89 
5,260 ' 5,670 ' 5,760 ' 6,710 
1,860 1,940 € 1,980 ' 1,980 
3 3 3 3 
3,530 ' 3,890 ' 3,980 ' 4,580 
1,730 1,820 1,830 2,180 
175 213 245 ' 302 
53,500 59,700 62,800 ' 63,100 
30,200 36,100 36,900 37,400 
1,360 1,550 1,620 3,580 
43,800 50,400 52,900 ' 53,300 
9,480 9,680 10,000 " 10,100 
3,070 3,330 3,980 ' 4,160 
506 418 423 405 
234 161 126 147 
22,400 20,500 24,300 21,400 
7,120,000 8,380,000 11,400,000 9,430,000 
11 68 5 51 21? 
4,200 26,500 8 27,000 8,110 
(9) 1 4 9) 
38 115 448 56 
2,990 3,780 4,010 3,720 
814,000 1,420,000 1,650,000 1,590,000 
2,420 3,780 4,190 4,270 
877,000 1,540,000 2,120,000 1,900,000 
1,020 1,640 1,800 2,470 
304,000 607,000 775,000 921,000 


Грана аге rounded to no more than three significant digits; may not add to totals shown. 
2 facturers of raw steel that also produce steel castings. 

Includes manu | | — 
3Net receipts of scrap is defined as receipts from brokers, dealers, and other outside sources plus receipts from other company-o 


plants minus shipments. 


^Includes recirculating scrap that results from current operations and obsolete home scrap. 
5Some consumers in the "Manufacturers of steel castings" category also produce iron castings; some 


and miscellaneous users" category also produce steel castings. 
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TABLE 1—Continued 
SALIENT U.S. IRON AND STEEL SCRAP, PIG IRON, AND DIRECT-REDUCED IRON STATISTICS! 


“Data from U.S. Census Bureau and U.S. International Trade Commission. Export valuation is free alongside ship, and import 
valuation is customs value. 


"Excludes used rails for rerolling and other uses and ships, boats, and other vessels for scrapping. 
Ра adjusted by the U.S. Geological Survey. 
?Less than % unit. 
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TABLE 2 


U.S. CONSUMER RECEIPTS, PRODUCTION, CONSUMPTION, SHIPMENTS, AND STOCKS OF IRON AND STEEL SCRAP IN 2012 BY GRADE! 


Grade outside sources plants operations scrap^ and home scrap 


Manufacturers of pig iron and raw steel 
and castings: 
Carbon steel: 
Low-phosphorus plate and punchings 
Cut structural and plate 
No. 1 heavy-melting steel 
No. 2 heavy-melting steel 
No. 1 and electric furnace bundles 
No. 2 and all other bundles 
Electric furnace, 1 foot and under 
(not bundles) 
Railroad rails 
Turnings and borings 
Slag scrap 
Shredded or fragmentized 
No. 1 busheling 
Steel cans, postconsumer 
All other carbon steel scrap 
Stainless steel scrap 
Alloy steel (except stainless) 
Ingot mold and stoo! scrap 
Machinery and cupola cast iron 
Cast-iron borings 


__мМаЗРНОВ UIS ___________- 


Other iron scrap 


__ МА HON омер ____________ 


Other mixed scrap 

Total 
Manufacturers of steel castings: 

Carbon steel: 
Low-phosphorus plate and punchings 
Cut structural and plate 
No. 1 heavy-melting steel 
No. 2 heavy-melting steel 
No. 1 and electric furnace bundles 
No. 2 and all other bundles 
Electric furnace, 1 foot and under 

(not bundles) 

Railroad rails 


Tumings and borings 
Slag scrap 


Shredded or fragmentized 

No. 1 busheling 

Steel cans, postconsumer 

All other carbon steel scrap 
Stainless steel scra 
Alloy steel (except stainless) 
ingot mold and stool scrap 
Machinery and cupola cast iron 
Cast-iron borings 
Other iron scrap 


Other mixed scrap 
Total 


Iron foundries and miscellaneous users: 


Carbon steel: | 
Low-phosphorus plate and punchings 


Cut structural and plate 
No. 1 heavy-melting steel 
See footnotes at end of table. 
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(Thousand metric tons) 


Receipts of scrap Production of home scrap 
From brokers, From other Recirculating Consumption Ending 
dealers, and other company-owned scrap from current Obsolete of purchased Shipments stocks, 


700 
3,990 
4,940 
5,750 
2,640 
1,180 


17 

317 
2,310 
964 
12,900 
4,540 
112 
2,960 
858 
421 


465 
46,400 


of scrap December 31 


W 23 = 733 2 141 
69 627 = 4,680 4 269 
155 975 | 6,030 29 350 
64 361 = 6,170 = 362 
188 877 a 3,560 137 266 
W 52 = 1,240 wW 44 
2 W "d 106 W 5; 
W W 26 360 - 18 
188 47 а 2,540 1 137 
28 1,040 = 1,450 605 136 
1,450 W 3s 14,500 42 1,110 
103 192 а 4,820 W 319 
-- = = 112 = 2 
311 1,560 17 4,520 259 212 
70 325 44 1,300 4 46 
59 255 = 698 10 186 
W 121 75 120 99 11 
= ү е 46 у 4 
W W E 233 W 20 
54 316 - 1,270 128 49 
463 404 = 1,320 40 87 
3,230 7,650 138 55,800 1,380 3,770 
6 42 ai 187 -- 45 
5 5 as 52 -- 2 
СЕ = = 9 Е 2 
= W ү W -- > 
У Н Би W -- W 
™ 3 = 8 -- Е 
= W on W = w 
і 10 -- 40 W А 
E = W -- W 
ts = E 21 -- T 
Е Е _ 38 - l 
às 47 6 54 = Е 
| 20 W 43 | 2 
2 31 W 73 1 : 
zs W -- \ Е M 
5: e a 2 я 4 
Е e W 61 о 
11 179 639 ai 
18 
1 146 Е 1,340 , " 
W 47 W 685 | 
М-н пара БИ ан 
ARBOOK—201? 
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TABLE 2—Continued 
U.S. CONSUMER RECEIPTS, PRODUCTION, CONSUMPTION, SHIPMENTS, AND STOCKS OF IRON AND STEEL SCRAP IN 2012 BY GRADE! 


(Thousand metric tons) 


Receipts of scrap Production of home scrap 
From brokers, From other Recirculating о Consumption Ending 
dealers, and other company-owned scrap from current Obsolete of purchased Shipments stocks, 
Grade outside sources plants operations scrap” апа home scrap ofscrap December 31 
Iron foundries and miscellaneous users: 
—Continued 
Carbon steel:—Continued 
No. 2 heavy-melting steel 112 -- W -- 144 -- 6 
No. 1 and electric furnace bundles 83 -- = = 83 = 2 
No. 2 and all other bundles 75 -- W = 74 W 3 
Electric furnace, 1 foot and under 
(not bundles) 79 -- -- = 79 s 1 
Railroad rails 35 -- -- = 35 = 1 
Turings and borings W -- | -- 68 W 33 
Slag scrap -- -- W -- W W W 
Shredded or fragmentized 755 -- W -- 789 — 33 
Мо. 1 busheling 323 -- 5 -- 330 1 8 
Steel cans, postconsumer W -- -- -- W -— -- 
All other carbon steel scrap 84 -- 56 -- 123 1 25 
Stainless steel scrap 28 -- 1 -- 28 — І 
Alloy steel (except stainless) 5 -- 2 -- 7 W l 
Ingot mold and stool scrap W W W -- W W ү 
Machinery and cupola cast iron 446 W 109 W 572 W 43 
Cast-iron borings 62 6 8 — 76 -- -- 
Motor blocks 186 W 431 -- 617 -- 2 
Other iron scrap 274 34 1,170 -- 1,450 11 88 
Other mixed scrap 43 7 33 -- 79 5 3 
Тога! 4,550 58 2,140 40 6,710 29 302 
Grand total, all manufacturing types: 
Carbon steel: 
Low-phosphorus plate and punchings 2,050 16 210 -- 2,260 1 204 
Cut structural and plate 4,660 71 679 12 5,420 7 295 
No. | heavy-melting steel 4,980 157 1,040 1 6,130 29 353 
__No,2heavy-melting steel —— 5,900 64 412 W 6,360 - 369 
No. 1 and electric furnace bundles 2,720 188 877 -- 3,650 137 268 
No. 2 and all other bundles о 1,250 W 52 = 1,320 W 47 
Electric furnace, 1 foot and under 
(not bundles) 101 -- 103 -- 193 W l 
Railroad rais о 354 -- wW = 395 = 23 
Turnings and borings 2,430 189 S8 -- 2,650 2 171 
Slag scrap 967 28 1,050 -- 1,460 608 136 
. Shreddedorfragmentized о 13,700 1,450 353 а 15,300 42 1,150 
No. 1 busheling 4,900 103 198 -- 5,190 4 328 
Steel cans, postconsumer 119 -- zs i 119 7 2 
__Allother carbon steel serap — 3,050 311 1,660 17 4,690 260 237 
Stainless steel scrap 910 71 345 W 1,370 5 74 
Alloy steel (except stainless) 471 60 25 Ы А i Bo 
Ingot mold and stool scrap 22 19 122 75 139 99 17 
Machinery and cupola cast iron 492 -- 111 W 619 2 46 
Cast-iron borings 293 10 1] -- 309 -- 20 
Motor blocks 186 -—- 431 -- 617 es 2 
_ Other iron scrap о 1,260 88 1,490 = 2,720 139 133 
Other mixed scrap 560 470 438 8 1,460 46 91 
Total 51,400 3,300 9,960 187 63,100 1,410 4,160 
W Withheld to avoid disclosing company proprietary data; included in “Total.” -- Zero. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
Obsolete home scrap includes ingot molds, stools, and scrap from old equipment and buildings. 
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TABLE 3 
U.S. CONSUMER RECEIPTS, PRODUCTION, CONSUMPTION, SHIPMENTS, AND STOCKS OF PIG IRON 
AND DIRECT-REDUCED IRON IN 2012' 


(Thousand metric tons) 


Stocks, 


Receipts Production Consumption Shipments December 31 
Manufacturers of pig iron, raw steel, and castings: 


Pig iron 7,430 > 28,100 35,400 55 381 
Direct-reduced iron (DRI) 1,930 3 W 3,580 W 147 


Manufacturers of steel castings: 


Pig iron 9 (4) 9 (4) (4) 

DRI (4) -- -- -- (4) 
Iron foundries and miscellaneous users: 

Pig iron 2,000 | 1,980 27 23 

DRI 3 | -- 3 -- (4) 
Total, all manufacturing types: 

Pig iron 9,440 28,100 37,400 82 405 

DRI 1,930 W 3,580 W 147 


W Withheld to avoid disclosing company proprietary data; included in *Total."-- Zero. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
^ includes 2.86 million metric tons purchased by electric furnace steel producers. 
3Includes 49,400 metric tons purchased by integrated steel producers. 

“Less than / unit. 


TABLE 4 
U.S. CONSUMPTION OF IRON AND STEEL SCRAP, PIG IRON, AND DIRECT-REDUCED IRON IN 2012, 
BY TYPE OF FURNACE OR OTHER USE! 


(Thousand metric tons) 


we ene tt кышкы ны ee ee 
Manufacturers of pig iron and Manufacturers Iron foundries and Total, all 
raw steel and castings of steel castings miscellaneous users ____ manufacturing types __ 
Pig Pig Pig Pig 

бетар ü io DRÉ — Scep йо ОВР Serap iron ОВР Зоар ion DR 
Blast furnace 2,620 -- 49 = Ed ss m == E 2,620 – 49 
Basic oxygen process 8,350 31,500 1,910 25 = 25 B. " 25 8,350 31,500 1,910 
Electric furnace 44,700 3,870 1,620 638 9 = 5,580 1,910 3 50,900 5,190 1,620 
Cupola furnace 17 = -- -- - — 1,090 57 -- 1,110 57 -- 
Other? 136 - - 1 -- a 30 10 = 167 10 -- 
Direct castings" -- 36 = = == M " m Е == 36 -- 


— Zero. 

ага аге rounded to no more than three significant digits; may not add to totals shown. 
?Direct-reduced iron. 

includes air furnaces. 

^Includes ingot molds and stools. 
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ТАВГЕ 5 


IRON AND STEEL SCRAP SUPPLY AVAILABLE FOR CONSUMPTION IN 2012, ВУ REGION AND STATE"? 


From brokers, Recirculating 
dealers, and From other scrap resulting New supply 
other outside company-owned from current Obsolete Shipments available for 
Region and State sources plants operations scrap” of scrap’ consumption 
New England and Middle Atlantic: 
Connecticut, Maine, Massachusetts, 

New Hampshire, Rhode Island, Vermont 19 -- 9 (5) W 27 
New Jersey and New York 1,750 -- 90 (5) W 1,800 
Pennsylvania 3,490 629 1,740 115 62 5,910 

Total 5,260 629 1,840 116 100 7,740 

North Central: 
Illinois 1,760 2 127 35 8 1,920 
Indiana 4,260 316 1,740 6 362 5,970 
Iowa, Nebraska, South Dakota 2,270 29 57 (5) (5) 2,360 
Kansas and Missouri 22 5 2] -- (5) 48 
Michigan 2,190 14 1,330 (5) 590 2,940 
Minnesota 369 149 20 -- 22 516 
Ohio 6,220 235 1,210 16 135 7,540 
Wisconsin 1,490 2 892 (5) 5 2,380 
Total 18,600 753 5,390 57 1,120 23,700 
South Atlantic: 
Delaware and Maryland W W W -- W 1,070 
Florida and Georgia W -- W - W 843 
North Carolina and South Carolina 3,290 W 216 (5) 1 3,590 
Toral 6 о юш 
South Central: 
Alabama and Mississippi 5,710 W 256 -- 7 5,950 
Arkansas, Louisiana, Oklahoma 4,190 W 390 W -- 4,750 
Kentucky and Tennessee 3,400 278 284 W (5) 3,960 
Texas FEE _. вов _ д7. Е 
Т ево 00 у м. ИЗ 1090 


Mountain and Pacific: 


(Thousand metric tons) 


Receipts of scrap Production of home scrap 


~ Arizona, Colorado, Idaho, Montana, Utah - 2,490 W 667 (5) W 3,200 
California, Oregon, Washington BEN NEN QUEEN. мй ШЧ 
Total 4,020 485 817 (5) 54 5,260 
(лайша ^^ 07 ЕИО 3,300 9.960 187 1,410 63,400 


W Withheld to avoid disclosing company proprietary data; included in "Total" or *Grand total." -- Zero. 

"Supply available for consumption is a net figure computed by adding production to receipts and deducting scrap shipped during the year. 
The difference in stock levels at the beginning and end of the year is not taken into consideration. 

?Data are rounded to no more than three significant digits; may not add to totals shown. 

*Includes ingot molds, stools, and scrap from old equipment, buildings, etc. 

‘Includes scrap shipped, transferred, or otherwise disposed of during the year. 

"Less than % unit. 
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ТАВГЕ 6 


U.S. CONSUMPTION OF IRON AND STEEL SCRAP AND PIG IRON IN 2012, BY REGION AND STATE" es 


(Thousand metric tons) 


Manufacturers of Total, all 


Region and State 
New England and Middle Atlantic: 
Connecticut, Maine, Massachusetts, New Hampshire, 
New Jersey, New York, Rhode Island, Vermont 
Pennsylvania 


 Teu5y vene  ——— 


Total 


North Central: 


North Centra: С 
Illinois 
Indiana 
Iowa, Kansas, Minnesota, Missouri, Nebraska, 
South Dakota, Wisconsin 


South Dakota, Усов (0 0 0 0 — 
Michigan 
Ohio 
Total 
South Atlantic: 
Delaware, Maryland, Virginia, West Virginia 
Florida, Georgia, North Carolina, South Carolina 
Total 
South Central: 
Alabama, Kentucky, Mississippi, Tennessee 
Arkansas, Louisiana, Oklahoma 
Texas 
Total 
Mountain and Pacific: 
Arizona, Colorado, Idaho, Montana, Utah 
California, Oregon, Washington 
Total 


Iu n EM MENS Е MÀ 


Grand total 


W Withheld to avoid disclosing company proprietary data; included in “Total” or “Grand total.” -- Zero. 
Писјџдез recirculating scrap resulting from current operations and home-generated obsolete scrap. 

2Includes molten pig iron used for ingot molds and direct castings. 
3Data are rounded to no more than three significant digits; may not add to totals shown. 


^Less than % unit. 
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pig iron and raw Manufacturers of Iron foundries and manufacturing 
steel and castings steel castings miscellaneous users types 
Scrap Pig iron Scrap Pig iron Scrap Pig iron Scrap Pig iron 
1,750 22 8 -- 98 7 1,850 28 
5,520 2,970 208 1 196 16 5,920 2,990 
7,260 2,990 216 1 294 23 7,770 3,010 
1,530 W 25 ] 348 58 1,900 2,070 
5,570 13,000 64 (4) 278 51 5,910 13,100 
3,170 W 60 -- 2,040 1,660 5,270 1,730 
2,420 W 28 -- 531 29 2,980 4,170 
6,800 6,770 68 (4) 634 51 7,500 6,820 
19,500 26,000 245 1 3,830 1,850 23,600 27,800 
W W (4) (4) W W 2,160 1,470 
W W (4) — W W 5,070 260 
7,400 1,680 1 (4) 431 49 7,830 1,730 
9,060 4,280 W (4) 767 38 9,860 W 
4,650 W W -- 8 3 4,670 W 
3,930 W 60 7 167 15 4,160 54 
17,700 4,760 99 7 942 56 18,700 4,820 
W W 4 (4) 1,080 (4) 3,190 10 
W W 74 (4) 137 4 2,090 4 
3,980 9 78 (4) 1,220 4 5,280 14 
55,800 35,400 639 9 6,710 1,980 63,100 37,400 


| ___ йй} м эм —' о ЖЕЛШ ы OS Oe SO 0 Е 


ТАВГЕ 7 
U.S. CONSUMER STOCKS OF IRON AND STEEL SCRAP AND PIG IRON, DECEMBER 31, 2012, BY REGION AND STATE! 


(Thousand metric tons) 


Other 
Carbon Stainless Alloy Cast grades of Total Pig 
Region and State steel steel steel iron“ scrap scrap iron 
New England and Middle Atlantic: 
Connecticut, Maine, Massachusetts, New Hampshire, 

Rhode Island, Vermont (5) W -- (5) (5) 2 (5) 
New Jersey and New York 46 W -- 1 (5) 47 (5) 
Pennsylvania 227 15 18 16 2 278 22 

Total 273 15 18 17 2 326 22 

North Central: 
Illinois 91 (5) (6) 5 W 99 7 
Indiana 439 3 5 13 W 467 151 
Iowa, Kansas, Missouri, Nebraska, South Dakota 108 W W 3 -- 115 6 
Michigan 107 (6) W 11 11 130 4 
Minnesota and Wisconsin 69 W 1 6 W 79 3 
Ohio 406 27 32 101 -- 565 38 
Total 1,220 33 42 138 21 1,460 209 
South Atlantic: 
Delaware, Maryland, Virginia, West Virginia 79 (5) (5) W W W W 
Florida, Georgia, North Carolina, South Carolina 298 (5) (5) W W W W 
Total 377 (5) (5) 29 29 434 27 
South Central: 
Alabama, Kentucky, Mississippi, Tennessee 439 W -- W W 490 95 
Arkansas, Louisiana, Oklahoma 781 W W W -- 914 43 
Texas 298 3 W 9 W 310 3 
Total 1,520 25 132 35 4 1,710 141 
Mountain and Pacific: 
Arizona, Colorado, Idaho, Montana, Utah 107 (5) (5) (5) W 108 W 
California, Oregon, Washington 2286 о 2 4 ^ У 077 У 
Total 193 (5) 2 4 35 236 6 


W Withheld to avoid disclosing company proprietary data; included in “Total” or “Grand total." -- Zero. 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 

"Excludes rerolling rails. 

*Excludes stainless steel. 

“Includes borings. 

*Less than % unit, 

Withheld to avoid disclosing company proprietary data; included in “North Central Тога!" of “Total Scrap.” 
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TABLE 8 
U.S. AVERAGE MONTHLY PRICE AND COMPOSITE PRICE FOR NO. 1 
HEAVY-MELTING STEEL, WITH ANNUAL АУЕВАСЕЅ' 


(Dollars per metric ton) 


___Ауегаве __ 395.4 _ рәв 


сызы исм cern je ја р ALL ны шыл ЫЫ 
Composite 
Period Chicago, IL Philadelphia, PA Pittsburgh, PA price 
2011, average 417.00 407.94 408.64 411.19 
2012: 
January 464.00 405.00 432.00 433.67 
February 443.00 393.00 408.00 414.67 
March 440.00 388.27 405.00 411.09 
April 427.14 382.86 395.95 401.98 
May 425.00 395.64 395.00 405.21 
June 376.43 358.00 352.14 362.19 
July 325.00 323.29 312.62 320.30 
August 391.96 343.00 35522 363.39 
September 375.53 335.84 351.58 354.32 
October 334.78 308.57 308.70 317.35 
November 366.60 330.20 344.00 346.93 
December 371.00 335.00 355.00 355.67 
Average 395.54 35822 367.93 373.90 
"Revised. 
! Calculated by the U.S. Geological Survey from prices published in American 
Metal Market. 
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!Data are rounded to no more than three significant digits; 


TABLE 9 
U.S. EXPORTS OF IRON AND STEEL SCRAP, BY COUNTRY? 


(Thousand metric tons and thousand dollars) 


Quantity 
] 
4 
40 


9 
21,400 


2012 


Value 
817 
3,510 
18,900 
6,750 
247 
393,000 
553 
1,340,000 
11,900 
202 
676 
14,000 
151,000 
11,500 
2,500 
4,440 
429 
13,100 
49,500 
547,000 
205,000 
447 
32,200 
231 
86,800 
1,190,000 
327,000 
299,000 
10,700 
22,300 
1,380 
135,000 
71,800 
1,750 
48,500 
2,270 
31,500 
940 
6,770 
152 
1,530,000 
143,000 
127 
2,510,000 
1,070 
3,730 
370 
200,000 
4,260 
9,430,000 


2011 

______Сошату _ Ошу — — Value — — Quantity — — Value _ 
Argentina 2 1,180 
Austria 1 2,970 
Bangladesh 50 24,600 
Belgium 9 12,500 
Brazil 36 15,200 
Canada 1,460 503,000 
Chile (3) 183 
China 4,230 2,310,000 
Colombia 2 798 
Curacao (3) 59 
Dominican Republic 2 635 
Ecuador 76 33,600 
Egypt 890 383,000 
Finland 41 93,200 
France 12 5,090 
Germany 4 2,850 
Greece 35 12,600 
Guatemala 32 14,000 
Hong Kong 104 65,100 
India 1,210 532,000 
Indonesia 246 104,000 
Israel (3) 321 
Italy 195 92,300 
Jamaica | 219 
Јарап 243 196,000 
Korea, Republic of 2,960 1,320,000 
Malaysia 984 432,000 
Mexico 549 233,000 
Morocco 43 19,600 
Netherlands 31 43,600 
New Caledonia 1 3,110 
Pakistan 202 111,000 
Peru 187 79,300 
Philippines (3) 64 
Saudi Arabia 19 8,360 
Singapore 8 3,080 
Spain 29 26,000 
Sri Lanka | 1,070 
Sweden 5 9,120 
Switzerland 1 313 
Taiwan 3,540 1,690,000 
Thailand 814 357,000 
Trinidad and Tobago 2 737 
Turkey 5,620 2,420,000 
United Arab Emirates 34 14,300 
United Kingdom 4 3,620 
Venezuela 2 1,090 
Vietnam 396 161,000 
Other 31° 13,500 * 

Total 24,300 11,400,000 
"Revised. 


may not add to totals shown. 


?Excludes used rails for rerolling and other uses and ships, boats, and other vessels 


for scrapping. Export valuation is free alongside shi 


to 93 countries in 2011 and to 91 countries in 2012. 


3] ess than % unit. 


Sources: U.S. Census Bureau and U.S. International Trade Commission. 
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ТАВГЕ 10 
U.S. EXPORTS OF IRON AND STEEL SCRAP, 


BY CUSTOMS DISTRICT? 


(Thousand metric tons and thousand dollars) 


пат ел реј ткива ышы їн ш тшт ша A S Enc АННЕ 


Customs district 
Baltimore, MD 
Boston, MA 
Buffalo, NY 
Charleston, SC 
Charlotte, NC 
Chicago, IL 
Cleveland, OH 


Columbia-Snake, OR 


Detroit, MI 
Duluth, MN 

El Paso, TX 
Great Falls, MT 
Honolulu, HI 


Houston-Galveston, TX 


Laredo, TX 


Los Angeles, CA 


Miami, FL 
Mobile, AL 


New Orleans, LA 


New York, NY 
Nogales, AZ 
Norfolk, VA 


Ogdensburg, NY 


Pembina, ND 
Philadelphia, PA 
Portland, ME 
Providence, RI 
San Diego, CA 
San Francisco, CA 
San Juan, PR 
Savannah, GA 
Seattle, WA 
St. Albans, VT 
Tampa, FL 
Other 

Total 


2011 


Quantity 
400 
1,430 
306 

148 

29 


24,300 


Value 
189,000 
619,000 
125,000 

93,200 
23,100 
4,570 
1,160 

644,000 

103,000 
28,000 
6,620 
2,060 
78,500 

540,000 

128,000 

2,700,000 
237,000 
79,700 
588,000 
1,580,000 
168 
214,000 
14,100 

214,000 

499,000 

87,700 
245,000 
2,880 
1,040,000 
126,000 

287,000 

559,000 

32,200 
264,000 
9,150 
11,400,000 


2012 

Quantity Value 
275 118,000 
1,340 537,000 
265 101,000 
119 74,000 
15 21,100 
2 1,040 
| 2,050 
1,250 517,000 
309 101,000 
20 8,410 
40 14,600 
12 3,770 
168 66,000 
1,290 576,000 
406 156,000 
4,250 2,150,000 
481 200,000 
178 85,300 
929 353,000 
2,960 1,350,000 
2 849 
634 293,000 
23 8,280 
411 160,000 
937 381,000 
180 72,900 
604 238,000 
43 11,900 
1,950 845,000 
339 116,000 
328 193,000 
1,160 493,000 
57 19,900 
330 142,000 
&2 15,200 
21,400 9,430,000 


Excludes used rails for rerolling and other uses and ships, boats, and other vessels 
for scrapping. Export valuation is free alongside ship. 


2 
Data are rounded to no more than three significant digits; may not add to totals 


shown. 


Sources: U.S. Census Bureau and U.S. International Trade Commission. 
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TABLE 11 
U.S. EXPORTS OF IRON AND STEEL SCRAP, BY GRADE!” 


(Thousand metric tons and thousand dollars) 


2011 2012 
Grade Quantity Value Quantity Value 

No. 1 heavy-melting scrap 8,060 3,430,000 7,330 2,890,000 
No. 2 heavy-melting scrap 1,160 482,000 1,110 423,000 
No. 1 bundles 525 173,000 423 156,000 
No. 2 bundles 10 2,450 12 3,080 
Shredded steel scrap 8,390 3,680,000 6,560 2,610,000 
Borings, shovelings, and turnings 106 31,400 101 36,400 
Cut plate and structural 955 420,000 1,040 412,000 
Tinned iron or steel 127 69,700 152 73,300 
Remelting scrap ingots 39 38,300 3l 32,500 
Stainless steel scrap 656 958,000 624 804,000 
Other alloy steel scrap 947 585,000 715 539,000 
Other steel scrap? 2,850 1,270,000 2,740 1,230,000 
Iron scrap 515 228,000 546 228,000 

Total 24,300 11,400,000 21,400 9,430,000 
Ships, boats, and other vessels for scrapping 4 835 5 913 
Used rails for rerolling and other uses" 49 50,400 36 37,600 

Grand total 24,400 11,400,000 21,400 9,470,000 


!Data are rounded to no more than three significant digits; may not add to totals shown. 
? Export valuation is free alongside ship. 

?Includes tinplate and terneplate. 

“Includes mixed (used plus new) rails. More information can be found in table 15. 


Sources: U.S. Census Bureau and U.S. International Trade Commission. 
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ТАВТЕ 12 
U.S. IMPORTS FOR CONSUMPTION OF IRON AND STEEL SCRAP, 
BY COUNTRY"? 


(Thousand metric tons and thousand dollars) 


2011 — 2302 S 
__ Сошшу Quantity Vale Quantity Value _ 
Argentina (3) 37 (3) 18 
Bahamas, The 9 2,370 9 1,670 
Brazil 4 983 (3) 315 
Сапада 3,260 1,290,000 3,010 1,260,000 
Cayman Islands 6 1,900 6 1,650 
China 1 1,330 1 437 
Egypt 1 1,080 1 894 
Егапсе (3) 772 16 6,950 
Germany 27 11,100 48 21,500 
Guatemala 3) 528 | 241 
Israel Q) 873 3) 248 
Italy (3) 49 1 149 
Јарап 3 1,460 3 1,060 
Јогдап 2 355 1 290 
Korea, Republic of (3) 277 4 1,580 
Malaysia (3) 33 (3) 39 
Межсо 467 212,000 231 120,000 
Netherlands 55 25,000 162 68,900 
Panama (3) 200 1 337 
Ретџ 5 806 | 437 
Singapore 4 7,800 2 463 
Sweden 86 42,900 72 31,800 
Taiwan 2 4,220 2 2,290 
Trinidad and Tobago (3) 121 (3) 188 
Turks and Caicos Islands 2 933 | 241 
United Kingdom 69 33,800 140 63,100 
Other 6' 3,910 ' 3 3,130 

Тога! 4,010 1,650,000 3,720 1,590,000 
"Revised. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 
Excludes used rails for rerolling and other uses and ships, boats, and other vessels 

for scrapping. Import valuation is customs values. The United States imported scrap 
from 59 countries in 2011 and from 60 countries in 2012. 

?Less than % unit. 


Sources: U.S. Census Bureau and U.S. International Trade Commission. 
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TABLE 13 
U.S. IMPORTS FOR CONSUMPTION OF IRON AND STEEL SCRAP, 


BY CUSTOMS DISTRICT"? 


(Thousand metric tons and thousand dollars) 


Customs district 
Boston, MA 
Buffalo, NY 
Charleston, SC 
Chicago, IL 
Cleveland, OH 


Columbia-Snake, OR 


Detroit, MI 
Duluth, MN 

El Paso, TX 
Great Falls, MT 


Houston-Galveston, TX 


Laredo, TX 
Los Angeles, CA 
Miami, FL 
Mobile, AL 
New Orleans, LA 
New York, NY 
Nogales, AZ 
Norfolk, VA 
Ogdensburg, NY 
Pembina, ND 
Philadelphia, PA 
Portland, ME 
San Diego, CA 
Savannah, GA 
Seattle, WA 
St. Albans, VT 
Tampa, FL 
Wilmington, NC 
Other 

Total 
"Revised. 


2011 
Quantity 


933 

(3) 

12 

(3) 
o 

4,010 


Value 
801 
376,000 
67,600 
2,910 
14,900 
14,400 
491,000 
20,900 
20,200 
66,300 
4,670 
113,000 
2,670 
2,340 
14,600 
28,100 
3,270 
12,700 
125 
29,800 
33,200 
1,160 
4,930 
65,300 
1,360 
252,000 
35 
3,790 
60 


23 ' 
1,650,000 


2012 


Quantity 
1 

612 

213 

29 


3,720 


Value 
447 
405,000 
91,900 
3,440 
333 
21,200 
449,000 
13,000 
17,800 
49,800 
3,320 
66,300 
8,320 
2,100 
16,300 
63,900 
5,240 
11,000 
36 
29,500 
28,600 
1,360 
3,620 
18,600 
499 
260,000 
960 
2,340 
16,800 
394 


1,590,000 


! Data are rounded to no more than three significant digits; may not add to totals 


shown. 


?Excludes used rails for rerolling and other uses and ships, boats, and other vessels 
for scrapping. Import valuation is customs values. 


Less than М unit. 


Sources: U.S. Census Bureau and U.S. International Trade Commission. 
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TABLE 14 
U.S. IMPORTS FOR CONSUMPTION OF IRON AND STEEL SCRAP, BY CLASS"? 


(Thousand metric tons and thousand dollars) 


pe ULL — 


M petu oer ese ct i i ái 


Менке лыш рЫ ыш LL = — 


ee eer 


eee es ae 
2011 20112 
Class Quantity Value Quantity Value 

No. 1 heavy-melting scrap 199 72,400 253 88,400 
No. 2 heavy-melting scrap 70 23,900 94 29,200 
No. 1 bundles 1,080 493,000 1,060 430,000 
No. 2 bundles 21 5,320 19 4,510 
Shredded steel scrap 387 93,100 418 112,000 
Borings, shovelings, and turnings 109 25,000 85 20,800 
Cut plate and structural 263 79,600 262 78,400 
Tinned iron or steel 977 28,500 9] 30,800 
Remelting scrap ingots (3) 507 (3) 279 
Stainless steel scrap 169 295,000 155 236,000 
Other alloy steel scrap 797 310,000 455 313,000 
Other steel ѕсгар“ 621 156,000 612 181,000 
Iron scrap 193 65,100 207 65,500 

Total 4,010 1,650,000 3,720 1,590,000 
Ships, boats, and other vessels for scrapping (3) 50 (3) 22 
Used rails for rerolling and other uses’ 71 35,000 71 32,000 


Grand total 4,080 1,680,000 3,790 1,620,000 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
“Import valuation is customs value. 
?Less than % unit. 
‘Includes tinplate and terneplate. 


5Includes mixed (used plus new) rails. More information can be found in table 16. 


Sources: U.S. Census Bureau and U.S. International Trade Commission. 
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TABLE 15 
U.S. EXPORTS OF USED RAILS FOR REROLLING AND OTHER USES, 


BY COUNTRY? 


(Metric tons and thousand dollars) 


2011 2012 

______Сошшу Quantity Vale ___ Quantity \аш_ 
Argentina 166 $139 19 $16 
Australia 1,500 2,470 2,490 3,560 
Bahamas, The 120 142 41 88 
Brazil 229 442 86 167 
Canada 27,500 27,000 -- -- 
Cayman Islands 4 6 7 12 
Chile 910 1,310 18 94 
China 20 121 296 684 
Colombia 156 149 215 260 
Costa Rica 2 4 8 26 
Dominican Republic 1,140 1,200 1,070 1,200 
Germany 102 158 33 34 
Guatemala 103 9] -- -- 
Guinea 433 536 -- -- 
Нипрагу 5 150 6 177 
India 86 413 49 42 
Jamaica 73 114 67 68 
Japan 846 714 1,070 859 
Korea, Republic of 19 16 13 11 
Mexico 12,100 9,980 27,800 27,800 
Netherlands 47 54 223 205 
Nicaragua 27 41 17 32 
Panama 1,880 3,060 377 399 
Peru 28 30 52 58 
Singapore 83 97 4 109 
Taiwan 892 804 1,260 719 
Trinidad and Tobago 8 31 22 34 
United Arab Emirates 102 221 -- -- 
United Kingdom 31 26 5 20 
Venezuela 310 616 402 377 
Other | па" 273" 30 55 

Тога! 49,100 50,400 36,000 37,600 


‘Revised. -- Zero. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Export valuation is free alongside ship. 


Sources: U.S. Census Bureau and U.S. International Trade Commission. 
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TABLE 16 


U.S. IMPORTS FOR CONSUMPTION OF USED RAILS FOR REROLLING 


AND OTHER USES, BY COUNTRY"? 


(Metric tons and thousand dollars) 


FEEDER (ве пар ва Млава не 


"Revised. -- Zero. 


Value 


$26,100 
382 


11 


25 
32,000 


a Total -o oa a E a E a 


!Data are rounded to no more than three significant digits; may not add to totals 


shown. 
?Import valuation is customs value. 
3Less than % unit. 


Sources: U.S. Census Bureau and U.S. International Trade Commission. 


TABLE 17 


U.S. EXPORTS OF DIRECT-REDUCED IRON, BY COUNTRY"? 


(Metric tons and thousand dollars) 


2011 2012 
Country Quantity Value Quantity 

Canada 59,300 $27,100 62,400 
China -- -- 241 
France 142 77 -- 
Germany 5 1] 18 
Japan 5 13 16 
Korea, Republic of — -- 53 
Mexico 241 150 (3) 
Russia 11,000 7,540 8,680 
Taiwan 4 11 ] 
United Kingdom 1 3 4 
Отег 254 45 ' 23 

Total 70,700 35,000 71,500 


2011 2012 

.. County _____ Quantity — — Value — — Quantity Маше 
Canada 1,970 $242 80 $8 
Korea, Republic of 414 44 453 48 
Malaysia 54 6 us 2 
Switzerland 85 9 2. ЗЕ 
United Kingdom 1,390 147 -- -- 

Total 3,910 448 533 56 


-- Zero. 


РА T UY 
Data are rounded to no more than three significant digits; may not add to totals shown. 


?Data are for steelmaking-grade direct-reduced iron only. 


Sources: U.S. Census Bureau and U.S. International Trade Commission. 
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TABLE 18 
U.S. IMPORTS FOR CONSUMPTION OF DIRECT-REDUCED IRON, 
BY COUNTRY’? 


(Metric tons and thousand dollars) 


2011 


Value 


2012 


Quantity 


Value 


Bal == 36100 $15,400 


Country Quantity 

Canada 12 
China 3l 
Russia 252 
South Africa 7,600 
Trinidad and Tobago 1,450,000 
Venezuela 342,000 

Total 1,800,000 
-- Zero. 


$3 

8 

117 
2,280 
645,000 
127,000 
715,000 


36,100 
16,400 


20,000 
1,910,000 
488,000 
2,470,000 


$15,400 
5,030 
7,860 
742,000 
151,000 
921,000 


!Data are rounded to no more than three significant digits; may not add to totals shown. 
?Data are for steelmaking-grade direct-reduced iron only. 


Sources: U.S. Census Bureau and U.S. International Trade Commsision. 


TABLE 19 
U.S. EXPORTS ОЕ PIG IRON, BY COUNTRY? 


(Metric tons and thousand dollars) 


2011 
Country Quantity 

Austria 289 
Brazil 107 
Canada 8,320 
China 33 
Dominican Republic -- 
French Polynesia 175 
Germany И 
India 86 
Italy 146 
Japan 757 
Korea, Republic of 1,100 
Mexico 40,100 
United Arab Emirates -- 
United Kingdom č 9 
Uruguay И 162 
Other К 129 ' 

Тога! | 51,400 


"Revised. -- Zero. 


Value 
$96 


65 ' 


27,000 


2012 
Quantity 


5,480 
2,530 
146 


212 
364 
10,800 
897 
164 


164 


198 
21,200 


3 


Value 


79 
8,110 


!Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes the following grades of pig iron: less than or equal to 0.5% phosphorus content, 
greater than 0.5% phosphorus content, and alloy grade. Export valuation is free alongside 


ship value. 


*Data adjusted by the U.S. Geological Survey. 


Sources: U.S. Census Bureau and U.S. International Trade Commission. 
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_____Сссшшпобз _ __ КАНУ 7—7 а 


Australia 


Brazil 
Canada 
Chile 


Germany 


Japan 
Russia 


Slovakia 
South Africa 


Sweden 


Switzerland 


Taiwan 


TABLE 20 


(Metric tons and thousand dollars) 


Ukraine 


United Kingdom 
Venezuela 


Total 
-- Zero. 


2011 
Quantity Value 

619 $834 
2,250,000 1,130,000 
106,000 67,200 
7,460 4,240 
1,190,000 596,000 
157,000 83,300 
8,330 3,860 
49,200 25,400 
293,000 149,000 
9 5 
128,000 55,100 


4,190,000 2,120,000 


2012 
Quantity 

53 
1,990,000 
148,000 
22 
3,220 
3 
1,420,000 
101 
204,000 
100,000 
11 
414,000 


4,270,000 


U.S. IMPORTS FOR CONSUMPTION OF PIG IRON, BY COUNTRY"? 


Value 
$89 
882,000 
72,000 
103 
1,690 
4 
637,000 
176 
84,700 
45,500 
24 
178,000 


1,900,000 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


? Includes the following grades of pig iron: less than or equal to 0.5% phosphorus content, 
greater than 0.594 phosphorus content, and alloy grade. Import valuation is customs value. 


Sources: U.S. Census Bureau and U.S. International Trade Commission. 
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IRON ORE 
By Christopher A. Tuck 


Domestic survey data and tables were prepared by Michelle B. Blackwell, statistical assistant, and the world production 
table was prepared by Glenn J. Wallace, international data coordinator. 


U.S. iron ore production decreased slightly to 54.0 million 
metric tons (Mt) in 2012 from 54.7 Mt in 2011. Reported 
consumption (iron ore and agglomerates) increased slightly to 
46.9 Mt in 2012 from 46.3 Mt in 2011 (table 1). World iron ore 
production, by gross weight of the final mine product regardless 
of iron content, remained nearly unchanged at 2.93 billion 
metric tons (Gt) in 2012, with the average iron content 
increasing slightly, from that in 2011. China was the leading 
producer of iron ore accounting for 4596 of gross iron ore 
production (about 2896 by metal content), followed by Australia, 
Brazil, and India (table 14). These four countries accounted for 
about 8196 of global iron ore production by gross weight. 

Iron ore is the basic raw material for producing steel, a metal 
critical to the economies of all industrialized nations. In the 
United States, low-grade iron ore is concentrated to reach, 
on average, the 6296 or greater iron (Fe) content benchmark 
required globally for steel production. The concentrates can then 
be agglomerated using binders to create iron ore pellets for more 
efficient melting in blast furnaces. Almost all domestic iron ore 
production is transformed into molten iron, also known as pig 
iron, in blast furnaces by removing residual oxygen. The pig 
iron can then be transferred to basic oxygen furnaces (BOF) for 
the removal of residual carbon and conversion to steel. 

Minimills use electric arc furnaces (EAF) to produce steel 
from alternative forms of iron and recycled steel scrap. Steel 
scrap is an important supplement to iron ore in steelmaking. 
Direct reduced iron (DRI), also known as sponge iron, may be 
used in conjunction with scrap as an alternative EAF feed. DRI 
is created by chemically reducing iron ore in a rotary hearth 
furnace to 90% to 94% Fe. Iron nuggets, a form of pig iron 
containing greater than 95% Fe, and reduced slag, may also be 
used as feedstock for EAF steel production. 

Two iron oxides—hematite (Fe,O,) and magnetite (Fe,O,)— 
are the primary ore minerals of iron found in the United States. 
The principal form of iron ore mined in the United States 
contains hematite and magnetite in varying proportions, 
averaging 25% to 30% Fe, and occurs in hard, fine-grained, 
banded iron formations also known as taconite. Magnetite is 
the main iron oxide recovered during concentration, although 
hematite tailings are becoming increasingly economical to 
process as a primary source of iron. 
| Iron ore may be used for non-steel applications including 
Iron oxide pigments, crushed road base material, heavy media 
separation, radiation shielding, ballast, coal washing, cement 
clinker production, and other specialty applications. These 
applications represent a relatively small portion of iron ore 
consumption and some applications require costly beneficiation 
to create high-grade products. Data for these applications are 
not included in U.S. Geological Survey (USGS) production, 
shipping, or consumption tables for iron ore. 
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Blast furnaces in the United States consumed 40.6 Mt of 
iron ore pellets in 2012, an increase of 3.4% from that in 2011. 
Steelmaking furnaces consumed a total of 46.9 Mt of direct- 
shipping ore and sintered products in 2012, a slight increase 
from that in 2011 (table 6). 

Materials consumed for steel production included 5.4 Mt of 
fluxes (fluorspar, limestone, lime, and other fluxes) and 9.6 Mt 
of coke. Imported iron ore supplemented domestically produced 
iron ore in the production of pig iron, which was used along 
with imported pig iron and scrap to produce raw steel. Pig 
iron produced in the United States in 2012 increased by 6% to 
35.3 Mt, from 33.3 Mt in 2011. 

Raw steel production in the United States increased to 
88.7 Mt in 2012 from 86.4 Mt in 2011. Raw steel produced 
using BOFs increased to 40.0 Mt in 2012, from 37.8 Mt in 2011, 
and raw steel produced using EAFs increased to 57.8 Mt in 
2012 from 57.4 Mt in 2011. The United States imported 9.2 Mt 
of iron (including pig iron, sponge iron, and cast iron) and 
ferroalloy products in 2012, an increase from 8.2 Mt in 2011, 
and exported 405,000 metric tons (t) of iron and steel products 
in 2012, a decrease from 467,000 t in 2011. In 2012, U.S. net 
exports (exports minus imports) of pig iron, sponge iron, and 
scrap were 10.8 Mt, a decrease from 14.3 Mt in 2011 and 
13.6 Mt in 2010. 

Integrated steel mills in the United States produced steel 
from iron ore and imported pig iron and semi-finished steel; 
minimills produced steel from DRI and scrap. In 2012, the 
minimill sector of the steel industry accounted for 5996 of 
U.S. raw steel production (American Iron and Steel Institute, 
2013, p. 37-38, 51, 72, 77, 79-80). 


Legislation and Government Programs 


The Minnesota tax rate for taconite production increased in 
2012 to $2.465 per taxable long ton of concentrates from $2.412 
in 2011. The taxable tonnage for 2012 was based on the average 
tonnage produced in 2010-12. The taconite production tax 
rate was determined as a function of percentage change in the 
Gross Domestic Product Implicit Price Deflator from the fourth 
quarter of the second preceding year to the fourth quarter of the 
preceding year multiplied by the prior year’s rate (Minnesota 
Department of Revenue, 2013, p. 5—6). 

In 2012, the Michigan legislature enacted comprehensive 
tax reform bills designed to spur growth in the State's mining 
industry. Personal property tax burdens for large-scale 
manufacturers’ property will phase out beginning in 2016, and 
new severance taxes will be offset by a property tax credit once 
mining has begun. The bills were designed to ease upfront 
costs for new miners and would base taxes on mining revenues 
as opposed to the size of the ore body (Michigan.gov, 2012). 
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А “Low-Grade Hematite Credit" was offered by the Michigan 
Department of Treasury in 2012 equal to $1 per long ton of low- 
grade hematite pellets produced domestically for pig iron and 
steel production (Michigan Department of the Treasury, 2012). 


Production 


The USGS developed the U.S. iron ore data shown in tables 
1 through 4 through an annual ‘гоп Ore" survey, which was 
sent to mines that provide iron ore for steel production. This 
information was supplemented by employment data, tax records, 
and mine inspection reports. Steel plant data were compiled by 
the American Iron and Steel Institute (AIST). In 2012, domestic 
iron ore production was 54.0 Mt, slightly less than the 54.7 Mt 
produced in 2011. Domestic iron ore supply (production minus 
exports) met 91% of domestic demand in 2012. 

Indiana.—Reynolds, IN, was selected as the site of 
Magnetation LLC's (Grand Rapids, MN) new pelletizing 
plant. The plant was expected to become operational by the 
end of 2014, at a projected capital investment of $300 to $350 
million. It was expected to use existing railways and highways 
and produce 3 Mt of iron ore pellets per year (Magnetation 
LLC, 2012). Magnetation also planned to build two 
hematite reclamation plants alongside their existing plants 
and infrastructure near Coleraine, MN, for an additional 
$120 million investment. 

In 2012, Iron Dynamics (a subsidiary of Steel Dynamics 
colocated in Butler, IN) produced 226,000 t of hot-briquetted 
iron, of which 208,000 t was converted directly into liquid pig 
iron. Production of liquid pig iron, a product that supplements 
scrap as feed for electric arc furnaces, began in 2011 (Steel 
Dynamics, Inc., 2013, p. 17-18). 

Minnesota.—Minnesota produced approximately 77% 
of the iron ore used for steel-making in the United States in 
2012; a majority of this output was pellet production. Almost 
all of the production came from open pits on the Mesabi 
Iron Range and from reworked tailings. Minnesota's taxable 
production of taconite ore shipped from mines (unless otherwise 
noted) by operating company was as follows: Minorca Mine 
(ArcelorMittal S.A., Luxembourg, Luxembourg) produced 
2.82 Mt of flux pellets (containing less than 2% flux) and 
59,400 t of pellet chips; Hibbing Taconite Co. [joint venture 
of ArcelorMittal (62.3%), Cliffs Natural Resources Inc. 
(Cleveland, OH) (23%), and U.S. Steel Canada (Ontario, 
Canada) (14.7%)] produced 8.06 Mt; United Taconite Co., LLC 
(Cliffs Natural Resources Inc.) produced 5.21 Mt; Northshore 
Mining Co. (Cliffs Natural Resources Inc.) produced 5.68 Mt; 
Magnetation LLC produced 272,000 t of natural ore from its 
Plant One and 388,000 t from its Plant Two; Mining Resources 
LLC produced 63,700 t of natural ore from 345,000 tof iron ore 
tailings; and United States Steel Corp. (U.S. Steel) (Pittsburgh, 
PA) produced 5.14 Mt from its Keetac Mine (Keewatin Taconite 
Co.) operation and 13.4 Mt from its Minntac operation (Austin, 
eo d Resources Inc. (Cliffs) reported that in 2012 

North American operations Empire, Hibbing Taconite, 
ч n re, Tilden, and United Taconite Mines in the United 
d Bloom Lake and Wabush Mines in Canada produced 


combined 38 Mt. Cliffs’ share of the total production was 
a 
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22.5 Mt from United States’ operations and 8.5 Mt from 
Canada’s operations, essentially equal to that of 2011. Overall, 
Cliffs’ iron ore sales revenue decreased in 2012 by 27% from 
that of 2011, to $3.44 billion (Cliffs Natural Resources Inc., 
2013, р. 8, 64—66). 

U.S. Steel continued with plans to expand pelletizing capacity 
at its Keetac Mine to 9.6 Mt from 6 Mt at an anticipated 
cost of $820 million. Final permitting was completed in 
December 2011. U.S. Steel was considering investing in 
alternative energy technologies for iron and steel-making 
production, including gas-based, direct-reduced iron and 
electric arc furnace steelmaking (United States Steel Corp., 
2013, p. 13-14). 

Mining Resources, LLC (Chisholm, MN) [joint venture of 
Steel Dynamics, Inc. (Fort Wayne, IN) (8096) and Magnetation, 
Inc. (20%)] began operating in the fourth quarter of 2012 and 
full production capacity was expected to be reached during 
the first half of 2013. Mining Resources mined tailings basins 
or stockpiles and shipped concentrates to Mesabi Nugget 
Delaware LLC's (Aurora, MN) iron nugget production facility. 
Mesabi Nugget produced and shipped 169,000 t of iron nuggets 
(average 97% Fe) in 2012, 160,000 t in 2011, and 67,000 t in 
2010, with annual production expected to reach 500,000 t using 
the ITmk3® iron nugget production process. During а 6-week 
outage, Mesabi Nugget began projects that were expected to 
increase volume and improve product quality following its 
completion in the first half of 2013. Mesabi Mining, LLC, a 
planned iron ore mine colocated with Mesabi Nugget, was still 
undergoing permitting at the end of 2012 (Steel Dynamics, Inc., 
2013, p. 17-18). 

According to a study by the University of Minnesota Duluth's 
Labovitz School of Business and Economics published in 2012, 
Minnesota's iron ore industry was responsible for an annual 
economic contribution in excess of $3 billion. A 2012 report 
indicated that mining, processing, and shipping were directly 
responsible for 11,500 jobs in the State and accounted for 5% of 
the State's economy and 30% of northeastern Minnesota's gross 
regional product in 2010 (Steel Guru, 2013). | 

Utah.—In 2012, CML Metals Corp. produced а combined 
1.44 Mt of direct-shipping ore (up to 54% Fe) and concentrates 
(up to 67% Fe) in 2012, an 11% increase from 1.29 Mt produced 
in 2011. Sales in 2012 totaled $158 million, at an average of 
$110 per ton, a 32% increase in sales from 2011 (Boden and 
others, 2013). An onsite concentrator was opened in 2012 
providing 1.8 million metric tons per year (Mt/yr) of concentrate 
(67% Fe) production capacity. | 

The redeveloped Comstock/Mountain Lion Mine was 
reopened in 2010 as CML Metals Corp., a subsidiary of Mim T 
Holdings (Strack, 2013). National Instrument в 1а Р 
resources were estimated to be 28.4 Mt averaging 48.6% 005 
stockpiles of 8.2 Mt at 33.976 Fe (Palladon Ventures Ltd., 2007). 


Environment 


The U.S. Environmental Protection Agency (EPA) 
considered imposing tighter limits on nitrogen oxide Oe 
and sulfur dioxide emissions and other airborne po м 
taconite plants as part of the National Emission nen ap 
Hazardous Air Pollutants specific to Integrated Iron an 
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Manufacturing. Tighter emissions restrictions for the industry 
were proposed in order to reduce haze and other contaminants 
found in national parks, specifically those within close 
proximity to northeastern Minnesota. Following a 7-year study, 
the Minnesota Pollution Control Agency concluded that six of 
Minnesota's taconite plants contributed to more hazy days than 
a nearby coal-fired powerplant. The study also concluded that 
the largest taconite plant in the area contributed, on average, to 
haze every other day. The EPA-proposed limits could require 
taconite plants to use the best available retrofit technology such 
as a low-NO, burner designed to reduce nitrogen emissions, 
within 5 years. Minnesota's plan was for plants to use current 
best practices and operate furnaces efficiently and cleanly 
(Hemphill, 2012). 

On January 15, 2013, the EPA issued a Federal 
Implementation Plan and established compliance requirements 
for six taconite facilities in Minnesota and one in Michigan. The 
plan included a requirement to install and operate continuous 
air monitoring systems and set NO, emission limits based 
on cost-effective measures. The final rule went into effect on 
January 2, 2013 (U.S. Environmental Protection Agency, 2013). 

In March 2012, the EPA released updated rules and 
procedures for reporting greenhouse gas emissions at 
integrated iron and steel facilities emitting more than 25,000 t 
of greenhouse gases per year (U.S. Environmental Protection 
Agency, 2012b). In September, the EPA released a report 
outlining technologies specific to reducing greenhouse gases 
associated with the iron and steel industry (U.S. Environmental 
Protection Agency, 20122). 


Consumption 


Pig iron production was 35.3 Mt in 2012, a 6.196 increase 
relative to that in 2011 (American Iron and Steel Institute, 
2013, p. 77). Raw steel production using BOF technology, 
which had decreased in 2009 to the lowest level in more than a 
decade, continued to increase in 2012, reaching 40.0 Mt, 5.8% 
more than that in 2011. Electric arc furnaces increased raw 
steel production slightly from that in 2011 to 57.8 Mt in 2012 
(American Iron and Steel Institute, 2013, p. 72). 

In 2012, U.S. consumption of iron ore, including 
agglomerates, reported to the AISI by producers of iron and 
steel totaled 46.9 Mt, including 40.6 Mt of pellets; 5.6 Mt of 
sinter, briquettes, and other products; and 0.5 Mt of direct- 
shipping ore (table 6). Of the ore consumed, 8996 was domestic 
production; 8.196, imports from Canada; and 2.8%, imports 
ftom other countries (table 9). 

With the exception of iron oxides and cement clinker, USGS 
Surveys do not include production or consumption of iron ore 
for miscellaneous, non-steel end uses. Iron ore consumed in 
the production of clinker for cement was estimated at 670,000 t 
In 2012 (U.S. Geological Survey, 2014, table 6). In 2012, U.S. 
imports for consumption of iron oxides, natural and synthetic, 
were 151,000 t and finished pigments sold totaled 48,400 tons 
(Tanner, 2013, table 1). | 
The United States produced no DRI from 2009 until 2011. 
2011 and 2012, Iron Dynamics produced and directly 
consumed 230,000 t and 226,000 t of hot-briquetted iron 


In 
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(НВГ), respectively, of which 86% and 92%, respectively, 

were converted directly into liquid pig iron. The iron was 
consumed along with scrap steel in the mill’s electric arc furnace 
(Steel Dynamics, Inc., 2013, p. 17-18). Iron Dynamics was 
estimated to have 0.5 Mt/yr DRI production capacity (Midrex 
Technologies, Inc., 2013, p. 13). 


Transportation 


The Lake Carriers! Association (LCA) reported that iron 
ore shipments on the Great Lakes were 45.2 Mt in 2012, 
a decrease of 4.396 compared with those in 2011 (Lake 
Carriers’ Association, 2013). As is typically the case, monthly 
fluctuations in shipments, production, sales, and stocks of iron 
ore in Minnesota and Michigan from December through April 
were attributed to the closing and reopening of the Soo Locks 
at Sault Ste. Marie, MI, as well as to freezing lake surfaces 
requiring U.S. Coast Guard ice breakers to open shipping 
channels. The locks were closed by the U.S. Army Corps of 
Engineers for seasonal maintenance in March 2012. The LCA 
began maintenance on repair facilities and shipyards on the 
Great Lakes in December 2012 to ensure continuous operation 
during the upcoming shipping season. Investments were 
estimated to be as much as $3 million per vessel. Most of the 
construction was expected to take place after January 15 and last 
through early March (Lake Carriers’ Association, 2012). 


Prices 


In 2012, the average value of iron ore produced in 
the United States was $98.16 per metric ton, a decrease 
from $99.45 per metric ton in 2011. The average value 
of exported iron ore was $128.43 per metric ton, ranging 
from an average $68.55 per metric ton for coarse ores to 
$145.95 per metric ton for pellets (table 8). The average value 
of imported iron ore was $147.50 per metric ton, ranging from 
an average of $48.00 per metric ton for other agglomerates to 
$157.05 per metric ton for pellets (table 9). 

The producer price index (PPI) for iron ore under North 
American Industry Classification System (NAICS) code 212210, 
which included crude, concentrates, agglomerates, and pellets 
increased from 199.2 in January 2012 (December 1997-100) 
to 204.5 in April, and then decreased to 178.7 at yearend. The 
2012 average index of 190.0 was 6.394 greater than the average 
of 173.8 in 2011. The PPI measured the average change in the 
selling prices charged by domestic producers of iron ore Over 
time (U.S. Bureau of Labor Statistics, 2013). 

The average spot price of imported Australian iron ore fines at 
62% Fe at the port of Tianjin, China, rose in April from $140.35 
per metric ton in January to $147.65 per metric ton before 
steadily declining to $99.47 per metric ton in September. The 
price rose to $128.87 per metric ton at yearend because of global 
supply disruption, which included 1.6 Mt of production losses 
attributed to worker strikes at Sishen Mine, South Africa: 1 Mt 
of shipment losses from protests at the Carajas Mine, Brazil: and 
production losses owing to mining bans in Goa, India (Index 


Mundi, undated; Anglo American plc, 2012; Parra-Be ] 
Shanker and Singh, 2012). шыл: 
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Foreign Trade 


In 2012, U.S. net exports of iron ore totaled 6.1 Mt. Exports 
increased slightly, while imports decreased slightly compared 
with 2011. U.S. iron ore pellet exports accounted for 74% 

(8.3 Mt) of total exports. Of the exports, 5796 were shipped 

to steel companies in Canada, 37% to China, and 696 to 

Spain (table 7). U.S. imports totaled 5.1 Mt, of which Canada 
accounted for 74% and Brazil accounted for 14%. Imports 
from the following countries increased: Argentina, 9%; 
Mexico, 74%; Peru, 214%; and United Kingdom, no prior- 
year imports. Imports from the following countries decreased: 
Chile, 3796; South Africa, 3896; Trinidad and Tobago, 1196; and 
Venezuela 73% (table 9). 


World Industry Structure 


Production.—World iron ore production based on gross 
weight (2.9 Gt) and iron content (1.39 Gt) increased slightly 
from that of 2011. Gross weight includes reporting by China of 
crude ore, rather than ore concentrate and direct-shipping ore. 
By iron content, China remained the leading iron ore producer 
(393 Mt of ore), followed by Australia (315 Mt), Brazil 


(257 Mt), and India (92 Mt). These four countries accounted for 
about 76% of the world production of iron ore (by iron content). 


In 2012, iron ore was produced in 42 countries, with production 
exceeding 1 Mt (by iron content), in 24 of those countries 
(table 14). World DRI production increased slightly to 74.0 Mt 
(Midrex Technologies, Inc., 2013). 

Consumption.—Although not a direct measure, imports of 
iron ore and production of crude steel, DRI, and pig iron can be 
used as indicators as to whether global iron ore consumption 
will rise or fall. DRI and pig iron production are likely to be 
more direct indicators of iron ore consumption than crude steel 
production because, to a varying degree in each country, part of 
steel production comes from scrap consumption at minimills. 
World consumption of iron ore was estimated to have remained 
stable in 2012, owing to an increase in the production of pig 
iron (2.096) and a decrease in the production of РЕЈ (3.8%) 
compared with 2011. | 

World crude steel production increased to 1.53 Gt in 2012 
from 1.51 Gt in 2011. In 2012, nine countries each produced 
more than 30 Mt of crude steel and, combined, accounted for 
more than 80% of world production. Of those countries, China 
produced about 26 Mt more crude steel in 2012 than in 2011; 
India produced 4.5 Mt more; the Republic of Korea, Russia, 
and Turkey had a combined production increase of 4.5 Mt; and 
Brazil, Germany, and Japan each had a production decrease of 
about 2 Mt. In 2012, crude steel produced in the United States 
increased 2.796 from that in 2011 to 88.6 Mt (United Nations 
Conference on Trade and Development, 2013, p. 136-1 d 

Trade.— Reported world iron ore imports rose by 4.9% to 
1.17 Gt in 2012 compared with 2011. This continued the trend 
of year-over-year increases in imports during the past 11 years, 

‘th tapering increases Over the past 3 years. Since 2002, four 
а: China, Germany, Japan, and the Republic of Korea, 
ЕИ ted for more than two-thirds of world iron ore 
е ЕЕ combined share increasing to 84% in 2012 
Aso in 2002. China's share more than tripled during this 
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10-year period to 64% from 21%. Germany's share decreased 
to 3.2% from 8.4%, Japan's share decreased to 1196 from 
24%, and the Republic of Korea's share decreased to 6% from 
8% (United Nations Conference on Trade and Development, 
2013, p. 121-122). 

Reported world iron ore exports of 1.13 Gt increased slightly 
in 2012 compared with 2011. Six countries accounted for more 
than 84% of world iron ore exports. Australia was the source 
of 41% of iron ore exports; Brazil, 29%; South Africa, 4.8%; 
Ukraine, 3.1%; Canada, 3.096; and India, 2.996 (United Nations 
Conference on Trade and Development, 2013, p. 119-120). 

Exploration.—Companies continued to expand current mines 
and facilities, to develop mines, and to investigate new deposits. 
А survey conducted by Metals Economics Group found that total 
budgets for ferrous exploration, including iron ore, reached an 
estimated $2.9 billion in 2012, a 6096 increase from $1.8 billion 
in 2011. Australia accounted for 4596 of the iron ore exploration 
budget, followed by Brazil (1496), and Canada (7%). Raw 
Materials Group reported that iron ore was among the most 
important investment targets in 2012. Cliffs Natural Resources 
invested $73.3 million in global exploration activities in 2012, 

a 5196 increase from $48.4 million in 2011 (Cliffs Natural 
Resources Inc., 2013, p. 9). 

In 2012, funding for iron ore exploration accounted for 
a significant percentage of regional exploration budgets as 
follows: Africa (1096), Asia (1096), the Commonwealth of 
Independent States (8%), and Europe (796). Applications 
by China, Nauru, Russia, and Tonga were approved by the 
International Seabed Authority for exploration of sulfides 
and iron ore in international areas of the deep-sea floor. 
Concentrations of metals are higher in ore deposits found in 
the seabed floor than in many onshore deposits. However, 
challenges to deep-sea mining are posed by environmental 
concerns, technological limitations, and costs (Wilburn and 
Stanley, 2013). | 

Mergers and Acquisitions.—In January 2012, the Chinese 
government announced it would promote mergers in the steel 
industry, among others, in an effort to create companies capable 
of competing with major producers. China's acquisitions 
focused on securing raw material supplies—Hebei Iron and 
Steel acquired a 25% stake in the Kami Project, managed by 
Alderon Iron Ore in the Labrador Trough near Wabush; the 
Hanlong Group planned to spend $1.4 billion to acquire the 

а i oon managed 
Mbalam project in Congo (Kinshasa) and Camer | 
by Sundance Resources, although the acquisition has stalled; 
and Wuhan Iron and Steel announced it would seek to purchase 
resources in Australia, Brazil, Canada, and China in an effort to 
provide 100% of its own feedstock by 2018 (Grant, 2013). 


World Review 


Afahanistan.—Remote sensing data collected over 
Nona since 2004 by the USGS and the U.S. Du 
of Defense's Task Force for Business and Stability оре 
were compiled into а geologic map showing large ee 
deposits, including large bands of iron ore. In July | | T 
Afghanistan's Ministry of Mines opened bids for mu Pa 
ore project areas, which included the Hajigak pn dia | 
2012). According to a 2006 report published by the Bri 
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Geological Survey, the Hajigak deposit contains an estimated 
110 Mt of iron ore at 6296 Fe content (Afghanistan Ministry of 
Mines, 2006). 

The U.S. Department of Defense released a report indicating 
that a transnational railway system for transporting iron ore from 
Bamiyan, Afghanistan, to other points in Afghanistan would cost 
in excess of $54 billion due to mountainous terrain. Alternative 
rail lines allowing exports to be moved into neighboring 
Pakistan were expected to cost $45 billion. Countries that have 
purchased rights to mineral deposits in Afghanistan, including 
China and India, were expected to release similar cost analysis 
reports (Nissenbaum, 2012). 

Australia. —Mining operations in Australia were hindered 
by a severe cyclone season. Atlas Iron Ltd. (Perth, Australia), 
which was increasing capacity to meet target exports of 46 Mt 
by 2015 (Ker, 2012), fell short of the 6 Mt of production 
expected in the June 2012 quarter; however, Atlas still showed a 
growth of 21% in year-over-year exports. 

BHP Billiton Ltd. (Melbourne, Australia) produced 176 Mt 
of iron ore in 2012, an 18% increase from the 149 Mt produced 
in 2011. BHP Billiton's reported share of salable quantities 
of iron ore (wet) from its joint venture projects in the Pilbara 
region of Western Australia were as follows: Area C joint 
venture (85% owned), 42.7 Mt; Goldsworthy joint venture 
(8576 owned), 1.0 Mt; Mount Newman joint venture and 
Jimblebar (85% owned), 49.5 Mt; and Yandi joint venture (85% 
owned), 56.4 Mt. The company's reported share of shipments 
from Pilbara was 35.5 Mt of lump and 115 Mt of fines (BHP 
Billiton Ltd., 2013b, p. 16). 

Investments in BHP Billiton's integrated iron ore operations 
in Australia were expected to result in a minimum capacity of 
220 Mt/yr of iron ore production. The Jimblebar Mine expansion 
project was expected to be completed by the fourth quarter of 
2013. Following a $3.4 billion investment in rail links, mining 
equipment, rolling stocks, initial production was expected to 
be 35 Mt/yr of iron ore, expandable up to 55 Mt/yr. The Port 
Hedland Expansion Project received a $2.3 billion investment 
to develop two additional port berths, a car dumper, connecting 
conveyer routes, and associated rail works and rolling stock, 
with first production achieved in December 2012. Approval 
from the Minister of Transport and Port Hedland Port Authority 
allowed for development of two additional berths in the Inner 
Harbour, subject to State approvals, with Outer Harbour 
development deferred beyond the 5-уеаг planning horizon. 

ВНР Billiton invested an additional $1.2 billion in Inner 
po port blending facilities and rail yards to enable port 

ding, a reduction from the initial $1.7 billion budget which 
had included the South Stockyard. BHP Billiton also invested 
dr ан је for the development of the Orebody 24 Mine, 
expected to have a capacity of 17 Mt/yr and included 

a ore crushing plant, train load-out facility, and rail spur. 
The Orebody 24 Mine was considered essential to sustaining 
production output from the company's Mt. Newman JV 
operations (BHP Billiton Ltd., 2013a, p. 34). 
-—— d ко о ао а 35% decrease in 
oy den ol Severa major iron ore related 

, ympic Dam project (Stewart, 2012). 
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In 2012, Rio Tinto's share of salable quantities of Australia's 
iron ore and pellets were as follows—Hamersley (100% 
owned), 126 Mt; Hope Downs (5096 owned), 15.4 Mt; Robe 
River (5396 owned), 32.7 Mt; Eastern Range (10096 owned), 
9.3 Mt; and Channar (6096 owned), 6.6 Mt. Rio Tinto's share 
of total world mine production (Australian and Canadian 
operations) was 199 Mt, a 4% increase from 192 Mt in 2011 
(Rio Tinto plc, 2013, p. 49). 

Rio Tinto continued to expand its operations in Western 
Australia. The company committed $518 million for the 
reinstatement of its automated train program, scheduled for 
completion in 2015 and designed to be the first automated 
long-distance heavy-haul rail network, which would allow for 
additional capacity without substantial investment in additional 
trains. Two additional ore cars were added to each existing 
train in operation, allowing an increase in hauling capacity of 
500,000 metric tons per year. The Junction South East Pit's fleet 
consisted of ten Autonomous Haulage System driverless trucks, 
capable of hauling 30 Mt/yr. Over the next 3 to 4 years, Rio 
Tinto planned to produce an additional 150 automated trucks to 
be used at the Hope Downs 4 and Nammuldi Mines. 

Rio Tinto committed $2.2 billion to extend the life of the 
Nammuldi Mine by 14 years and $1.7 billion to extend the 
life of the Yandicoogina Mine through 2021 while increasing 
capacity to 56 Mt/yr. The Brockman 4 Mine phase 2 expansion 
was completed in 2012, increasing capacity to 40 Mt/yr, while 
plans to install a $1 billion wet plant at the site were canceled. 
Rio Tinto also planned to invest $4.7 billion to construct 
two additional berths at Cape Lambert and to increase rail 
capacity in the Pilbara and $570 million for the construction 
of a gas-fired power plant at Cape Lambert. (Rio Tinto plc, 
2013, p. 30-31). 

Fortescue Metals Group, LLC shipped 63.7 Mt of ore in 
2012, owing partially to the full ramp up of the Christmas Creek 
Mine. The first phase of a port expansion for commissioning a 
third berth and second outloading circuit in Port Hedland raised 
outloading capacity to 115 Mt/yr. In early 2012, project costs 
for the Solomon Hub expansion project, an estimated $9 billion 
investment, increased by $500 million following changes to the 
design and scope of the Firetail Mine and Kings Mine projects. 
Expansion plans for the Firetail Mine were later revised to lower 
the production target of 155 Mt/yr to 115 Mt/yr, with the mine 
scheduled to ramp up by March 2013. The decision to complete 
the Kings Mine project was deferred pending improved market 
conditions (Fortescue Metals Group LLC, 20122, p. 2—4; 
20125, р. 2; 2013, р. 2). 

Centrex Metals Ltd. reported iron ore reserves at its Bungalow 
Hill site on the Eyre Peninsula of southern Australia to be 
approximately 4 Gt, three times larger than previously reported 
Increased interest from Asian steel mill investors prompted | 
Baotou Iron and Steel Group to purchase a 3094 interest in the 
Bungalow Hill site (Grant, 2012). 

Brazil.—In 2012, Маје S.A (Rio de Janeiro, Brazil) reported 
that its iron ore production decreased slightly to 320 Mt 
(including Vale's 50%-joint venture with BHP Billiton in 
Samarco) from 323 Mt in 2011. Vale's share of salable 
quantities of iron ore were as follows, in decreasing order of 
tonnage— Southeastern System, 116 Mt; Northern System, 
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107 Mt; Southern System, 80.3 Mt; Samarco, 10.9 Mt; and 
Midwestern System, 6.4 Mt. Vale's share of pellet production in 
2012 increased to 55.6 Mt from 52.3 Mt in 2011, including its 
share in the pelletizing operations at Anyang (25%), Hispanobra 
(50.9%), Samarco (50%), Vale Oman Pelletizing Co. LLC 
(7096), and Zhuhai YPM (25%). The breakdown of salable 
quantities of iron ore pellets from 10096-owned Vale operations 
was 63.5% blast furnace pellets, with primary markets in Asia 
and Europe, and 34.7% direct reduction pellets, with primary 
markets in the Middle East, North Africa, and North America. 
Due to reduced demand, operations at the 540 Luis pellet 

plant and the Turbar&o I and II pellet plants were suspended 

in October and November 2012, respectively (Vale S.A., 

2013, p. 27-30). 

Samarco Mineração S.A. (BHP Billiton) approved а 
$5.3 billion expansion to increase production capacity to 
30.5 Mt/yr by adding a fourth pellet plant, a new concentrator, 
and a third slurry pipeline. Pellet production from the new 
plant was expected to start in the first half of 2014 (BHP 
Billiton Ltd., 2013a, p. 34). An $8.8 billion investment in Anglo 
American's Minas Rio Phase 1 Project was planned to increase 
production capacity to 26.5 Mt/yr by 2014 (Anglo American plc, 
2013, p. 10). 

Canada. —Aron Ore of Canada [owned jointly by Labrador 
Iron Ore Royalty Income Fund (15.1%), Mitsubishi Corp. 
(26.18%), and Rio Tinto (58.72%)] produced 4.2 Mt of 
concentrates and 9.9 Mt of pellets (Labrador Iron Ore Royalty 
Corp., 2013, p. 5, 6). ArcelorMittal Mines Canada produced 
15 Mt of concentrates and pellets at its Mont-Wright facility 
(ArcelorMittal S.A., 2013a, p. 14). Cliffs Natural Resources 
produced 68.5 Mt of pellets and concentrate from its Canadian 
operations—the Wabush Mine and Bloom Lake Mine (Cliffs 
Natural Resources Inc., 2013, p. 7). 

ArcelorMittal S.A. sold a 1596 stake in ArcelorMittal Mines 
Canada Inc. for $1.1 billion to Taiwan's China Steel Corp. and 
Republic of Korea's Posco. ArcelorMittal continued to invest 
in Canadian iron ore production. The company planned to 
double output at the Mont-Wright complex from 30 Mt/yr, and 
continued to develop the Mary River project (Baffin Island) in 
a joint venture with Nunavut Iron Ore Acquisition Inc. and the 
Mont-Reed and Fire Lake in the Labrador Trough. ArcelorMittal 
Mines Canada planned an expansion project to increase 
concentrator capacity to 24 Mt/yr, an 8 Mt/yr increase from 
current levels, by the second quarter of 2013 (ArcelorMittal 
S.A., 2013a, p. 13). Iron ore deposits in Quebec and Labrador 
were also being reviewed for development by Champion Iron 
Ore Mines Ltd., Alderon Iron Ore Согр., and a joint venture 
between Tata Steels Ltd. and New Millennium Capital Corp. 

i d others, 2013). 
yen б New Millennium топ Corp. planned to begin Ь 
production at its Direct Shipping Ore Project _ о он es 
and Labrador. Production in 2013 was expecte to е2 Mt, 

Mt/yr in 2015. In 2012, New Millennium 
ramping up to © У i Steel Minerals Canada Ltd 
entered into а joint venture with Tata Steel Minera dne А 

develop а mine in the Timmins area of Newfoun an an 
ues the expected cost was $563 million (American Metal 


Market, 2012). 
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Iron Ore Company of Canada announced plans to expand 
concentrator production capacity to 23 Mt/yr from 18 Mt/yr. The 
first stage, including a new primary ore crusher, a 6-kilometer 
(km) overland conveyor, and a fourth autonomous grinding line, 
was expected to reach full production in 2013. The second stage, 
which includes two new spiral lines on the gravity separation 
circuit and a new magnetite grinding and processing circuit, 
was expected to commissioned by yearend 2013 (Rio Tinto plc, 
2013, p. 31). 

Cliffs Natural Resources continued to develop the Bloom 
Lake Mine phase II expansion designed to maximize production 
and expand seaborne operations in Eastern Canada. Expansion 
plans have the potential to increase sales volumes and to reduce 
unit operating costs (Cliffs Natural Resources Inc., 2013, p. 22). 

China.—Citing safety concerns, China's Transport Ministry 
blocked Vale SA's new class of dry-bulk cargo ships (Valemax 
ships) from entering China's ports. These ships were specifically 
designed to reduce costs and to carry larger loads of iron ore 
from processing plants in Brazil to consumers in China. The 
Export-Import Bank of China and the Bank of China Ltd. 
initially financed $1.3 billion to build 24 of the ships in China's 
shipyards (Murphy, 2012). 

In July, production declined at the Araltobe Iron Ore Mine in 
northwest China's Xinjiang Uyghur Autonomous Region due to 
a landslide that halted mine operations for several weeks until 
the area could be stabilized. A typhoon also hampered mining 
operations at eight additional iron ore mines in the region 
(Petley, 2012). 

Guinea.—Rio Tinto paid $501 million of an additional 
$1 billion investment in the Simandou Joint Venture 
(5196 ownership) with Aluminum Corporation of China 
Ltd. (Chinalco) for design studies and long-lead items. Ап 
environmental assessment was submitted to the State mining 
company, Soguipami, and infrastructure from the project was 
declared *A Project of National Interest," which provided the 
required protection from development and acquisition of the 
land. Plans called for a 95 Mt/yr mine, a 650-km railway, and a 
deep-water port in conjunction with the Government of Guineau 
(Rio Tinto plc, 2013, p. 26). ко 

BHP Billiton, which held а 41.396 interest in Nimba Mining 
Concession and four permitted areas, completed prefeasibility 
studies for development of the concession and infrastructure 
(BHP Billiton Ltd., 2013a, p. 34). | 

India.—Regulatory constraints and caps on production 
reduced production for India's largest iron ore producer, 

Sesa Goa Ltd., by nearly 2496 to between 16 Mt and 17 Mt. 
Production caps were recommended by India's Central 
Empowered Committee to lessen the effects of mining 

on the environment in the States of Karnataka and Goa, 
where allegations of illegal mining were being investigated. 
Restrictions allowed for only 2.9 Mt to be mined from 
Karnataka, which resulted in a 76% decrease in annual profits 
for Sesa Goa (Kumar, 2012). Restrictions on mining in Goa та 
and Karnataka were expected to reduce India's iron ore expo 
to 27 to 30 Mt in 2013 from an annual average of 100 Mt/yr 
(Mayenkar, 2013). 
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India's Supreme Court lifted bans on 18 mines in the State 
of Karnataka in early September, allowing nearly 5 Mt/yr of 
domestic production to resume (Serapio, 2012). The Central 
Empowered Committee of India announced in late September 
that after organizing the leases for iron ore mines into levels 
based on reported irregularities, 63 additional iron ore leases 
in Karnataka could resume production conditionally if 
they completed reclamation and compensated the State for 
ecological loss (Malhotra, 2012). 

Liberia.—ArcelorMittal Liberia Ltd. approved the phase 2 
expansion of its Liberian iron ore mines, which was expected to 
increase production capacity to 15 Mt/yr of iron ore concentrate 
by 2015. ArcelorMittal’s Liberian operations produced 3.3 Mt of 
iron ore, an increase from 1.3 Mt in 2011 (ArcelorMittal S.A., 
2013b, p. 14, 21). 

BHP Billiton maintained a Mineral Development Agreement 
with the Government of Liberia, enabling it to explore and 
develop its iron ore mineral leases. Drilling continued on 
selected targets in held leases (BHP Billiton Ltd., 2013a, р. 34). 
Sesa Goa expected to produce 4 Mt/yr of iron ore beginning in 
early 2014 from its Liberian project (Mayenkar, 2013). 

Oman.—Vale S.A. completed the maiden voyage of its 
second Valemax vessel to the Port of Sohar in Oman. Four 
Valemax 400,000-t dry-bulk cargo ships were expected to be 
in operation by the first quarter of 2013 with service to Oman 
(Maritime Activity Reports, Inc., 2012). Vale Oman Pelletizing 
Company, LLC began producing at full capacity in March 2012 
(Vale S.A., 2013, p. 29). 

Sierra Leone.—Estimated annual production for 2012 at 
African Minerals Ltd.'s (London, United Kingdom) Tonkolili 
iron ore project declined to 5 to 6 Mt, from 10 Mt, owing to 
severe weather. The company expected to resume production at 
a rate of 20 Mt/yr by June 2013 (Mining Journal, 2012). 

South Africa.—Despite labor unrest, Kumba Iron Ore Ltd. 
(Guatend, South Africa) produced 43.1 Mt in 2012, a 4% 
increase from 2011, owing to the rampup of the Kolomela 
Mine. Strikes reduced South African output by 5 Mt from 
projections for 2012. During the third quarter of 2012, South 
Africa's National Union of Mineworkers agreed to open talks 
to end labor strikes; however, at yearend, no resolution had 
been achieved. Potential future projects at Kumba Iron Ore 
included 6-Mt/yr capacity increases at the Kolomela Expansion 
and Sishen Lower Grade Expansion (Anglo American plc, 
2013, p. 1, 10; Stoddard, 2012). 


Outlook 


Steel production in 2012 increased slightly, driven by 
continued growth in the construction sector in China, despite 
smaller economic growth in most industrialized countries. 

Crude steel production in China increased by only 3.794 in 2012, 
continuing the trend of smaller growth compared with 7.2% 

n 2011, 11.1% in 2010, and 14.6% in 2009, due in part to the 
completion of many development and infrastructure projects. 
The economy in China was expected to improve during the next 
4 years, with construction industry growth projected to be more 
than 10% per year through 2016 owing to increased housing 
demand and large-scale urbanization (De Angelis, 2013). 
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During the past 5 years, despite forecasts indicating significant 
potential for oversupply from weak global demand, demand 
for iron ore has outpaced supply. In the near future, lower than 
expected growth in China and Africa may reduce demand. 
Implementation of large-scale plans to increase production, if 
completed, may create brief periods of oversupply. Competitive 
pricing strategies could eliminate junior miners and force 
older infrastructure, mines, and facilities to be abandoned, 
which would limit oversupply. Consolidation and procurement 
of junior miners’ facilities could allow companies to absorb 
lower prices and limit decreases in revenue. Emerging markets 
in Africa may determine long-term iron ore pricing trends if 
growth can be sustained. 

Following record-high prices in 2011, mine expansions and 
development projects were quickly announced during the first 
half of 2012 only to have significant cuts in expected revenue 
in the third quarter of 2012. Many large projects aimed at 
increasing production capacity were canceled, with a greater 
focus placed on investing in more efficient technologies and 
improved infrastructure. Reduced natural gas prices, slow global 
growth in steel consumption, and a renewed focus on efficiency 
are expected to spur interest in direct-reduced-iron technologies 
and alternative ironmaking processes through 2017. 

Trends in the steel industry are provided in the “Outlook” 
section in the Iron and Steel chapter of the 2012 USGS Minerals 
Yearbook, volume I, Metals and Minerals. 
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TABLE 1 
SALIENT IRON ORE STATISTICS! 


(Thousand metric tons and thousand dollars unless otherwise specified) 


DEDE——————— ЕЕ ЕЕ IE 


UT UL т == 5 uu. а 2010 2011 2012 
United States, iron ore, usable, less than 5% manganese: 
Production 53,600 26,700 49,900 54,700 54,000 * 
Shipments: 
Quantity 53,600 27,600 50,600 55,600 52,900 * 
Value 3,770,000 2,560,000 5,000,000 5,530,000 5,190,000 
Average value at mines dollars per metric ton 70.43 92.76 98.79 99.45 98.16 
Exports: 
Quantity 11,100 3,920 9,950 11,100 11,200 
Value 1,240,000 356,000 1,090,000 1,330,000 1,440,000 
Imports for consumption: 
Quantity 9,250 3,870 6,420 5,270 5,140 
Value 918,000 376,000 703,000 841,000 758,000 
"Stocks, December 31, at mines, plants, and loading docks** — — 4070 5,060 — 3470 3260S, 
Additional stocks, December 31: 
С Cmdeoratminesandplns! 9 580 1 734 97 ____ L0. 
Unagglomerated concentrates for pelletizing plants 1,320 896 949 1,120 1,260 
World, production? 2,210,000 ' 2,230,000 ' 2,590,000 2,930,000 ' 2,930,000 


“Estimated. ‘Revised. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 
?Direct-shipping ore, concentrates, agglomerates, and byproduct ore. 

Excludes byproduct ore. 


4 жс» 
Crude ore stocks and unagglomerated concentrates for pelletizing plants removed. Marketable stocks only. 
*Gross weight. 


TABLE 2 
EMPLOYMENT AT IRON ORE MINES AND BENEFICIATING PLANTS, QUANTITY AND TENOR OF ORE PRODUCED, AND AVERAGE 
OUTPUT PER WORKER HOUR IN THE UNITED STATES IN 2012, BY DISTRICT AND STATE! 


эзы Oe A e ee mS E RE 


Production 
Iron contained Average quantity per worker hour 
Average Crude ore Usable ore in usable ore | (ею) č 1. 
Number numberof Worker hours (thousand (thousand (thousand Iron 
District and State ofmines employees (thousands) metric tons) metric tons) metric tons) (percent) _ Стиде оге Usable ore _ contained _ 
Lake Superior: 
Michigan’ 2 1,390 3,100 36,500 * 10,800 • 6600* 611°  1179* 349* 213° 
Minnesota 8 3970 8310 1400 4180  — 26400 (632 1715 $50 318 
, э 5 MAL MN Lo ETE на = 
.. Total or average — 10 5,360 11,400 179,000 • 52,600 * 33,000 * 628°  15.70° 4615 290° 
а 1 60 142 1,610 1,360 328 24.1 11.33 9.58 231 
_Grandtotaloraverage ____11 5,420 11,600 181,000 • 54,000 * 33,400 * 618° — 1564* 468* 289' 
“Estimated. | sere 


| — 
Data are rounded to no more than three significant digi “ | » 

: | | РП digits, except "Average quantity per worker hour, crude ore"; may not add to totals shown. 
Does not include professional or clerical workers at mines, or research laboratory workers 
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TABLE 3 
USABLE IRON ORE PRODUCED IN THE UNITED STATES IN 2012, 
BY DISTRICT, STATE, AND TYPE OF PRODUCT"? 


(Thousand metric tons) 


Direct Other 

District and State Shipping ore Concentrates Sinter agglomerates” Total 
Lake Superior: 

Michigan -— -- -- 10,800 * 10,800 * 

Minnesota -- 291 140 41,400 41,800 

Total ~ 291 140 52,200 * 52,600 * 

Utah 924 437 -- -- 1,360 

Grand total i 924 729 140 52,200 * 54,000 * 


*Estimated. -- Zero. 


'Excludes ore containing 5% or more manganese. 
^Data are rounded to no more than three significant digits; may not add to totals shown. 
*Data may include pellet chips, screenings, and sinter. 


TABLE 4 


SHIPMENTS OF USABLE IRON ORE FROM MINES IN THE UNITED STATES IN 2012" 2 


Gross weight of ore shipped 
(thousand metric tons) 
Other 
District and State Concentrates Sinter agglomerates Total 
Lake Superior: 
Michigan EN Be = 10,800* 10,800 * 
Minnesota 29] 106 41,300 41,700 
Total reportable or average 291 106 52,100* 52,500 * 
Utah 437 -- -- 437 
Grand total or average 729 106 52,100 52,900 ° 


Average 
iron 

content, 

natural Value 

(percent) (thousands) 
61.1* W 
63.2 W 
62.8* $5,170,000 
24.1 20,400 
61.8 < 5,190,000 


“Estimated. W Withheld to avoid disclosing company proprietary data; included in “Total reportable or average.” -- Zero. 
Includes byproduct ore. Excludes ore containing 5% or more manganese. 
*Data are rounded to no more than three significant digits; may not add to totals shown. 


TABLE 5 


IRON ORE-PRODUCING MINES IN THE UNITED STATES IN 2012 


mu State and mine County Operator 

Michigan: ee ee ee 
Empire Marquette Cliffs Natural Resources Inc. 
Tilden do. do. 

Minnesota: a m 

. Hibbing Taconite re Saint Louis . do. 

. Keewatin Taconite _ Е до. United States Steel Corp. 

. Mesabi Chief Plant #1 do. Magnetation, Inc. 

. Mesabi Chief Plant #2 — до. _ do. 

__Mesabi Nugget Delaware > LLC do. Mesabi Nugget Delaware LLC 
Minntac č о до. . United States Steel Corp. 
Minorca - mou | do. 

Northshore — —— || 90. Cliffs Natural Resources Inc. 

. United Taconite do. do 


Utah, Comstock Mountain Lion Mine [ron 
Do., do. Ditto. 
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Go gle 


Source of iron ore 


Magnetite taconite ore. 
Hematite-magnetite taconite ore. 
ev SC onte ОЕ... 


Magnetite taconite ore. 
Do. 

Hematite tailings. 
Do. 

Magnetite taconite ore. 


. LI 
ArcelorMittal S.A. ' 
ЕЛЕНА сс. OR д э REN 


Оо. 
Оо. 


ava Ea aa 


CML Metals Corporation 


Do. 
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TABLE 6 
CONSUMPTION OF IRON ORE AT U.S. КОМ 
AND STEEL PLANTS, BY TYPE OF PRODUCT! 


(Thousand metric tons) 
Type of product 2011 2012 
Blast furnaces: 
Pellets 39,300 40,600 
Sinter 5,780 5,640 
Total 45,100 46,300 
Steelmaking furnaces: 
Direct-shipping ore 454 454 
Sinter” 159 159 
Total 613 613 
Grand total 45,700 46,900 


'Data are rounded to no more than three significant 
digits; may not add to totals shown. 


"Includes briquettes, nodules, and other. 


Source: American Iron and Steel Institute. 


TABLE 7? 
U.S. EXPORTS OF IRON ORE, BY COUNTRY OF DESTINATION"? 


(Thousand metric tons and thousand dollars) 


SS oS ————— —_————— 
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2011 2012 
Country Quantity Value Quantity Value 

Belgium 3 229 6 992 
Canada 7,050 915,000 6,370 889,000 
China 3,190 271,000 4,110 474,000 
Colombia 16 1,110 (3) 249 
France 430 80,400 -- -- 
Germany 81 15,100 3 830 
Hong Kong ; 2 176 3 256 
Japan -- -- 37 5,240 
Mexico 51 5,850 641 65,400 
Spain 187 35,000 (3) 3 
Switzerland 46 2,740 - С 
Other 3' 276 ' 3 307 

Total 11,100 1,330,000 11,200 1,440,000 


"Revised. -- Zero. 


| 
Data аге rounded to no more than three significant digits; may not add 


to totals shown. 


"Includes agglomerates. 
*Less than % unit. 


Source: U.S. Census Bureau. 
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Type of product 
Concentrates 


Coarse ores 
Fine ores 
Pellets 
Briquettes 


Other agglomerates 
Roasted pyrites 


Total 
-- Zero. 


Quantity 
(thousand 
metric tons) 

627 
1,740 
208 
8,470 
(5) 


3 
11,100 


2011 


Value 
(thousands) 
$41,200 
109,000 
15,500 
1,160,000 
19 
87 
233 
1,330,000 


TABLE 8 
U.S. EXPORTS OF IRON ORE, BY TYPE OF PRODUCT"? 


Unit 
value? “ 
(dollars per 
metric ton) 
65.74 
62.37 
74.60 
137.07 
71.00 

87.00 
71.67 
120.05 


Quantity 
(thousand 
metric tons) 

1,330 
1,330 

247 
8,260 
23 

3 
11,200 


2012 


Value 
(thousands) 
$112,000 
90,800 
25,500 
1,200,000 
2,900 
299 
1,440,000 


Unit 
value** 
(dollars per 
metric ton) 
83.99 
68.55 
103.40 
145.95 
126.22 
99.67 
128.43 


!Data are rounded to no more than three significant digits, except “Unit value"; may not add to totals shown. 
?Includes agglomerates. 
?Unit values shown are calculated from unrounded data. 
^Weighted average calculated from unrounded data by dividing total value by total tonnage. 


"Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 9 
U.S. IMPORTS OF IRON ORE, BY COUNTRY AND TYPE ОР PRODUCT"? 


чи 
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2011 2012 
Unit Unit 
Quantity value^'* Quantity value’ * 
Country and (thousand Value (dollars per (thousand Value (dollars per 
type of product metric tons) (thousands) metric ton) — metric tons) (thousands) metric ton) 
Country: 
Argentina 74 $11,000 149.30 81 $11,400 140.43 
Brazil 562 81,600 145.19 739 94,700 128.09 
Canada 3,910 617,000 157.88 3,810 587,000 154.15 
Chile 165 28,300 171.70 104 15,500 148.86 
Mexico 27 2,240 83.04 47 5,630 119.74 
Peru 14 1,510 107.79 44 4,620 104.89 
South Africa 147 28,800 196.14 91 11,300 124.62 
Sweden 81 16,500 203.27 72 9,000 124.97 
Trinidad and Tobago 8 3,650 455.63 -- -- -- 
United Kingdom -- -- -- 76 10,100 132.87 
Venezuela 279 49,300 176.80 75 8,340 111.16 
Other У“ 459 ' 91.80 * 5 507 101.40 
Total 5,270 841,000 159.50 5,140 758,000 147.50 
Type of product: 

Concentrates 796 124,000 155.93 ' 862 99,600 115.52 
Coarse ores 42 8,660 206.26 51 2,730 53.45 
Fine ores 731 111,000 152.42 363 49,300 135.73 
Pellets 3,650 587,000 160.58 3,860 606,000 157.05 
Briquettes 12 3,960 329.83 -- -- -- 
Other agglomerates 34 5,890 173.26 (5) 115 48.00 
Roasted pyrites 4 263 65.75 4 303 75.75 
Total 5,270 841,000 159.50 5,140 758,000 147.50 


"Revised. -- Zero. 


Data are rounded to no more than three significant digits, except “Unit value"; may not add to totals shown. 


"Includes agglomerates. 
пй values shown are calculated from unrounded data. 


^Weighted average calculated from unrounded data by dividing total value by total tonnage. 


Less than М unit. 


Source: U.S. Census Bureau. 


Google 
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TABLE 10 
U.S. IMPORTS OF IRON ORE IN 2012, BY COUNTRY AND TYPE OF PRODUCT"? 


(Thousand metric tons) 


Briquettes 
Coarse Fine and other Roasted 
Country of origin Concentrates ores ores Pellets agglomerates ругіќеѕ 
Argentina -- ~ 81 zm ER zs 
Brazil 411 — 44 284 — -- 
Canada 260 37 11 3,500 (3) (3) 
Chile 96 7 -- -- -- -- 
Mexico -- -— 47 -- -- -- 
Peru -- -- 44 -- -- -— 
South Africa 52 -- 39 -— -- -- 
Sweden -— 6 66 -- -- — 
United Kingdom — -- -- 76 -- -— 
Venezuela 42 -- 33 — -- — 
Other (3) (3) (3) = -- 4 
Total 862 51 363 3,860 (3) 4 
-- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes agglomerates. 
?Less than % unit. 


Source: U.S. Census Bureau. 


TABLE 11 


AVERAGE UNIT VALUE FOR SELECTED IMPORTS OF IRON ORE IN 2012! 


Average unit value? 
(dollars per metric ton, 


Type of product Country of origin gross weight) 
Concentrates Brazil 134.95 
Do. Canada 176.88 
Pellets do. 158.54 


Do., do. Ditto. 


"Includes agglomerates. 
*Weighted averages of individual customs values. 


Source: U.S. Census Bureau. 
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Total 
81 
739 
3,810 
103 
47 
44 
91 


39.15 


39.16 


TABLE 12 
U.S. IMPORTS OF IRON ORE, BY CUSTOMS DISTRICT"? 


(Thousand metric tons and thousand dollars) 


Customs district 
Baltimore, MD 
Buffalo, NY 
Charleston, SC 
Chicago, IL 
Cleveland, OH 
Detroit, MI 
E] Paso, TX 


Houston-Galveston, TX 


Laredo, TX 


Los Angeles, CA 


Mobile, AL 


New Orleans, LA 


New York, NY 
Norfolk, VA 
Ogdensburg, NY 


Philadelphia, PA 


Port Arthur, TX 


OLLA A A 
San Francisco, CA 


Seattle, WA 

St. Albans, VT 

Tampa, FL 
Total 

-- Zero. 


2011 

Quantity Value 
1,710 289,000 
(3) 2 
675 102,000 
2,110 332,000 
16 4,210 
18 972 
83 17,000 
1 43 
(3) 11 
13 4,510 
616 86,600 
(3) 23 
1 29 
1 237 
4 263 
5 268 
1 565 
15 3,190 
5,270 841,000 


2012 


Quantity 
1,450 


3 
5,140 


Value 
216,000 
21 
72,700 
343,000 
23 


10,400 
2 

5.990 
107,000 
44 


127 
1,240 
758,000 


рата are rounded to no more than three significant digits; may not add to 


totals shown. 
Includes agglomerates. 
?Less than И, unit. 


е 


Source: U.S. Census Bureau. 


TABLE 13 
U.S. IMPORTS OF PELLETS, BY COUNTRY’ 


(Thousand metric tons and thousand dollars) 


~~~ 


Country 
Brazil 
United Kingdom — 
Total 
-- Zero. 


2011 
Quantity 


244 
3,410 


3,650 


Value - 
33,600 
553,000 


587,000 


2012 
Value 


Quantity 


284 
3,500 
76 


40,700 


555,000 
10,100 


3,860 _ 606,000 


!Data are rounded to no more than three significant digits; may not add 


to totals shown. 


Source: U.S. Census Bureau. 
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IRON OXIDE PIGMENTS 
By Arnold O. Tanner 


Domestic survey data were prepared by Hoa P. Phamdang, statistical assistant, and the world production table was prepared 


by Glenn J. Wallace, international data coordinator. 


In 2012, natural iron oxide pigment (IOP) production in the 
United States was virtually unchanged compared with that of 
2011. U.S. production data are withheld to avoid disclosing 
company proprietary data. Finished natural and synthetic IOPs 
sold by processors increased to about 48,400 metric tons (t) 
valued at $77.7 million in 2012 from 48,000 t valued at $73.9 
million in 2011 (table 1). Exports of all grades of IOPs and 
hydroxides decreased to 60,300 t valued at about $55.4 million 
in 2012 compared with 62,000 t valued at $51.7 million in 
2011 (table 3). Imports of natural and synthetic IOPs decreased 
to 151,000 t valued at $182 million in 2012 compared with 
158,000 t valued at $188 million in 2011 (tables 1, 4, 5). 


Production 


Natural IOPs are inorganic compounds that are suitable for 
use as pigments after milling and relatively minimal processing 
as compared with synthetic IOPs or various other natural 
pigments. They commonly are the most advantageous choice 
of the natural minerals for pigmentation because they are low 
cost, inherently color stable, and nontoxic. Typically, they 
are derived from hematite, which is a red iron oxide mineral; 
goethite or limonite, minerals that vary from yellow to brown, 
which include ochers and siennas (yellow) and umbers (brown); 
and magnetite, a black iron oxide mineral. A wider variety of 
colors can be produced from natural IOPs either by blends of 
different IOPs or calcination of hydrated natural IOPs. Synthetic 
IOPs are widely used as colorants and compete with natural 
IOPs in many color applications. They are manufactured using 
three methods: thermal decomposition of iron salts or iron 
compounds; precipitation of iron salts, usually accompanied by 
oxidation; and reduction of organic compounds by iron. Organic 
colorants can be used for some colorant applications but several 
organic compounds fade over time from exposure to sunlight. 

А U.S. Geological Survey (USGS) voluntary survey was 
sent to three domestic producers of crude (natural) IOPs. U.S. 
production data for crude (natural) IOPs sold or used in 2012 
were estimated based on the data of one company and estimated 
for two nonrespondents based on previously reported data 
adjusted according to assumed consuming industry trends. These 
data collected through the USGS survey are withheld to avoid 
disclosing company proprietary data. With virtually no change in 
production of crude pigment in 2012, sales increased slightly. 

In а second voluntary USGS survey, production data for 
finished (natural and synthetic) IOPs received from five of eight 
known processing operations, represented nearly 75% of the 
tonnage shown in table 1. Data for the nonrespondents were 
estimated based on prior-year output levels and industry trends. 
Sales of finished pigments were 48,400 t in 2012, up slightly 
from 48,000 t in 2011. Production data for finished IOPs are 
collected only from operations that process material, such as the 
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crushing and grinding of natural IOPs, or that synthesize IOPs, 
not operations that simply blend, mix, repackage, and (or) resell 
IOP material. 

At least four U.S. companies, operating nine plants, produced 
regenerated iron oxide during steelmaking (table 2). Iron 
oxide is obtained during steelmaking when steel is treated 
with hydrochloric acid to remove surface oxides. Iron oxide 15 
formed when the spent pickle liquor is treated to recycle the 
acid. Regenerated iron oxide data were not included in table 
1 because it must undergo additional processing before it is 
suitable for use in typical IOP applications. 

During 2012, Prince Minerals Inc. purchased natural IOP 
supplier Densimix, Inc. and its subsidiary, E&B, Inc., including 
a two-plant complex in Houston, TX. Densimix processes 
hematite into IOPs and other iron oxide products; the majority 
of the company’s shipments are used in the coatings and paint, 
glass, oil and gas, and plastics industries and other chemical 
and filler markets (Densimix, Inc., 2013). This purchase 
supplemented Prince Mineral’s existing natural and synthetic 
IOP products that are used to color brick, cement and masonry, 
and ceramics and glass, and in various color applications for 
the foundry and welding industries and other industrial markets 
(Ollett, 2012; Prince Minerals, Inc., 2012). 

Applied Minerals, Inc. reported IOP resources at two project 
areas of the company’s Dragon Mine in Utah. The Western Mine 
ore samples averaged 76% hematite and 19% goethite and the 
Dragon Pit ore samples averaged 83% goethite and amorphous 
oxide and 12% hematite. Applied Minerals broke ground on 
a new halloysite plant for the production of halloysite-based 
flame retardant product scheduled to begin production by mid- 
2013. Upon completion of the new plant, the company planned 
to produce its IOP products at the existing processing plant 
with approximately 10,000 metric tons per year (t/yr) of IOP 
(Zeitoun, 2012). 


Consumption 


End-use data for IOPs are not surveyed by the USGS or 
other organizations. Will (2008, p. 12) estimated that world 
consumption of natural JOPs and synthetic IOPs in 2006 was 
167,000 t and 1.13 million metric tons (Mt), respectively, About 
90% of natural IOPs was used in construction materials and 
coatings and nearly 75% of synthetic IOPs was used in the 
same. More recent data are unavailable, but the global economic 
downturn of 2008—09 likely resulted in decreased consumption 
of IOPs in those years. This may be inferred by the significant 
decreases in reported world production of natural IOPs in 
2009 and the slow recovery from 2010 through 2012, based 
reported and estimated increases in world production (tabl 6 ў 

Construction materials included concre did 


te products such 
as block, brick, or segmental retaining wall units: mortar; 
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paving stones; precast products of various sizes or dimensions; 
ready-mixed concrete; and roofing tiles. IOPs are used almost 
exclusively to color decorative concrete. The tinted concrete is 
often stamped to resemble brick, slate, stone, and many more 
shapes and forms found in nature, including wood (Pinto, 2008, 
p. 4, 6). 

The second largest market for IOPs is as a tint in paints and 
coatings. The last year for which shipments of total paint and 
allied products (comprising architectural coatings, original 
equipment manufacture product coatings, special-purpose 
coatings, and miscellaneous allied paint products) were 
available was 2011, during which an estimated 4.26 billion 
gallons were shipped, unchanged from that of 2010. The U.S. 
Census Bureau discontinued paint, varnish, and lacquer reports 
as of the third quarter of 2011 (U.S. Census Bureau, 2011a, 

b). Other IOP end uses included colorants for ceramics, glass, 
paper, plastics, rubber, and textiles; in foundry sands; industrial 
chemicals, such as catalysts; animal feed; cosmetics; ferrites; 
fertilizers; and magnetic ink and toner. 

A major end use for regenerator iron oxides was ferrite ceramic 
magnets. Two types of ferrites are used—hard, which retain 
magnetism permanently, and soft, which do not. Hard ferrites are 
used in flexible magnets, generators, loudspeakers, and motors. 
Uses of soft ferrites include computers, cores for radio frequency 
coils, microwave communication systems, microwave ferrites for 
telecommunications, and other industrial applications. 


Prices 


The annual average producer price index (PPT) for IOPs 
under North American Industry Classification System code 
PCU325130325130132 (U.S. Bureau of Labor Statistics Series 
ID WPU06220206) was 220.7 in 2012 (1983-100) compared 
with 211.6 in 2011. The PPI ranged between 218.4 and 223.1 
in 2012, the high being reached in December and the low in 
February. The PPI measured the average change in the selling 
prices charged by domestic producers of IOPs over time (U.S. 
Bureau of Labor Statistics, 2013). Unit values for finished 
natural and synthetic IOP sold by domestic producers ranged 
from $0.33 to $3.74 per kilogram, with an average unit value of 

ilogram. 

Pee US pigment manufacturer Rockwood Color 
Pigments and Services announced global price increases 
on all of its synthetic IOP products, effective August 1; the 
company did not announce the levels of increase, stating that the 
customers would be contacted separately. Rockwood Pigments 
cited “ongoing investment to upgrade infrastructure, address | 
regional regulatory requirements, and support ongoing activities 
in new product development and innovation" as the reasons for 

; 2012). 
E um inani Mone GmbH (KMD), the 

с е om micaceous iron oxide pigment (MIO) producer, 
що xi rice increases of 394 to 4% on its standard grade 
quip | increasing labor costs along with increasing 
pee г Кане quality products. Prices on micronized MIO 

ema 


grades were unchanged (O’Driscoll, 2012). 
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Foreign Trade 


In 2012, U.S. exports of IOPs and hydroxides decreased. 
Forty-three percent of total IOP exports went to China, which | 
was twice that of the next highest country, Spain, with 1996 of 
the total (table 3). 

U.S. exports of pigment-grade TOPs and hydroxides increased 
slightly to 8,950 t valued at $13.5 million in 2012 with the | 
average unit value decreasing by about 1396 compared with that 
of 2011. Mexico was the leading destination of pigment-grade 
IOPs, accounting for nearly 44% of U.S. exports, and China was 
second with 3096 (tables 1, 3). Exports of other grades of IOPs 
and hydroxides decreased by nearly 496 to 51,400 t valued at 
$41.9 million. China, Spain, and Canada, in descending order, 
were the major destinations for export of other grades of IOPs 
and hydroxides, accounting for 4596, 2396, and 14% of the 
export tonnage, respectively (table 3). 

U.S. imports of all IOPs and hydroxides decreased by about 
4% in 2012 from that of 2011 and yet they were significantly 
higher, by 42%, than the recent import low of 2009 (tables 1, 4). 

Imports of natural IOP grades decreased slightly. The leading 
source was Cyprus, with about 57% of the tonnage, followed 
by France with nearly 1596. Imports of synthetic IOP grades 
decreased by about 4%. The leading sources of synthetic ТОР 
imports were China with 51% of the tonnage; Germany, 26%; 
Canada, 7%; and Brazil and Italy, about 696 each (table 5). 


World Review 


Natural IOPs were produced in at least 10 countries in 2012 
(table 6). Several other countries were thought to produce iron 
oxide pigments, but output, which may have been substantial, 
was not reported, and no basis was available for estimating 
output levels. 

Because much of Europe's IOP production supplied external 
markets, those producers were not expected to be significantly 
affected by sluggish European construction markets. In general, 
IOP companies with a global customer base were less vulnerable 
to regional economic fluctuations. Consumption of pigment 
minerals were expanding significantly for certain emerging 
markets, such as Latin America and Asia, especially China 
(Ollett, 2013c). 

Austria.—In 2012, KMI continued production of MIO from 
its underground mine in Waldenstein, Austria, accounting for 
up to 9096 of the global MIO supply market. MIOs have a 
horizontal layering of flaky, lamellar, “micaceous” particles that 
overlap like scales on a fish and give strength and corrosion Р 
resistance to paints and coatings. Standard grade MIOs are use 
on bridges, oil rigs, and other structural steel and as protective 
coatings on electrical and industrial equipment. Micronized 
grades are used in anticorrosive decorative coatings, including 
water-based coatings, improvement of prime coatings, and | 
partial replacement of zinc dust in prime coatings (О’Югіѕсо!, 
2012). | 

P Due AG produced synthetic yellow ТОР5 at its 
plant in Porto Feliz. At midyear, the company expanded the 
Porto Feliz sales beyond its traditional North American and 
South American customers to markets worldwide (Lanxess Аб, 
2012). The Porto Feliz operation is unusual because of a nearly 
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$11 million cogeneration facility that Lanxess constructed in 
2010. The plant burned bagasse, crushed sugar cane fibers 
readily available from the region's sugar cane industry, to 
generate steam providing the plant's heat and for powering a 
turbine to produce its own electricity while reducing carbon 
dioxide emissions. Lanxess proceeded with plans to build co- 
generation plants at its other IOP plant sites in Belgium and 
India (Lanxess AG, 2010). 

China.—China likely increased its IOP production beginning 
in about 2006, as partly evidenced by a steady and substantial 
decrease in IOP imports from the United States to a negligible 
quantity in 2009, in spite of the country's ongoing urbanization. 
In 2010 through 2012, IOP imports from the United States, 
increased returning to about 60% the annual levels of 2005—07 
(U.S. International Trade Commission, undated). A rising 
demand for IOPs in China mainly was driven by continued 
rising levels of construction activity and economic recovery 
from the global recession (table 3). 

Hong Kong-based Cathay Industries Group and the Tonghua 
Group, announced construction of a new synthetic iron oxide 
plant for the production of black, red, and yellow IOPs in Anhui 
Province in eastern China. When completed, the joint-venture 
plant, to be known as Rely Science & Technology Co., Ltd., will 
produce 100,000 t/yr with a planned expansion to 150,000 t/yr. 
The companies intend to sell the IOP products in the Chinese 
market, which Cathay Industries indicated has been increasing 
at a rate of 7% to 8% per year in most ТОР consuming 
industries. The new plant will use a direct precipitation process, 
in which an all-liquid phase method is expected to significantly 
reduce liquid and solid waste. This will be Cathay Industries’ 
eighth plant of similar IOP capacity in China. Its other major 
plants are in Shenzhen, Guangdong Province, and Shanghai 
and Wuxi, Anhui Province, with a total capacity of 80,000 t/yr 
(Cathay Industries Group, 2013; Ollett, 20132). 

Lanxess AG announced plans to build a 25,000-t/yr red iron 
oxide plant in Ningbo, Zhejiang Province, at an estimated cost 
of $74 million. Construction of the plant was scheduled to begin 
in the second quarter of 2013 with production beginning in 
early 2015. Synthetic yellow-shaded red IOPs will be produced 
using an improved Penniman process in which metallic iron is 
oxidized to iron oxide using acids as catalysts in the presence 
of atmospheric oxygen. Lanxess continued production at its 
38,000-t/yr IOP plant in Jinshan, Shanghai Province, where it 
produced yellow and black iron oxide pigments (Ollett, 2013b, с). 

Spain.—Promindsa SA, the country's leading producer of 
IOPs, produced and sold about 16,000 t of IOPs in 2012, up 
from 15,000 t in 2011, about 8596 of which it annually exports 
to more than 50 countries. The company anticipated production 
and sales to remain at or slightly below the same level in 2013, 
but expected an increase of about 1594 in 2014. About 80% of 
Promindsa's IOP output and sales was red hematite, much of 
that from its Tierga mines, principally the underground Santa 
Rosa Mine, outside Zaragoza. The Santa Rosa operation follows 
а scam of hematite with an average purity of 85% to 90% 

Iron (III) oxide at depths of up to 250 meters. Promindsa sold 
15 Santa Rosa iron oxide as а red pigment for use in asphalt, 
brick, glass and ceramics, paints, and roof tile. Promindsa also 
mined black (magnetite), brown (oolitic iron ore), and yellow 
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(goethite) IOPs in Spain (Fernando Prada, President, Promindsa 
SA, written commun., July 16, 2013; Moores, 2010). 


Outlook 


IOP production was estimated to have increased slightly 
worldwide in 2012 from that of 2011, as the result of 
growth in construction activity in Asia, Latin America, and 
the United States. Although the global economic situation 
was improving in some regions, construction activity and 
consequent consumption of IOPs for coloring concrete and paint 
remained sluggish. On a world scale, growth in the IOP market 
is expected to continue to increase, mostly because IOP's 
largest end market, construction, is increasing in China, Latin 
America, and the United States. In Europe, because of economic 
uncertainties that have continued following the regional debt 
crisis, capital spending on construction projects that use IOPs is 
expected to be limited (Ollett, 2013b). 

The International Monetary Fund expected the global 
economy to increase by about 3.1% in 2013 and 3.8% in 2014, 
with emerging and developing economies increasing by more 
than twice the percentage as that of the advanced economies 
(International Monetary Fund, 2013). Continued improvement 
in the global economy may result in increased activity in 
IOP markets in 2013-14, especially in regions where the 
construction industry is expanding. 
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Iron Oxide Pigments—Pt. 1.—Fine-Particle Iron Oxides for 
Pigment, Electronic, and Chemical Use. U.S. Bureau of Mines 
Information Circular 8771, 1978. 

Iron Oxide Pigments—Pt. 2.—Natural Iron Oxide Pigments— 
Location, Production, and Geological Description. U.S. 
Bureau of Mines Information Circular 8813, 1980. 

Manufacture of Different Grades of Iron Oxide—A New 
Experience. Iron Oxides '91 Proceedings, Falmouth 
Associates, Inc., 1991. 


Pigment Handbook (2d ed.). John Wiley & Sons, 1988. 


TABLE 1 
SALIENT U.S. IRON OXIDE PIGMENTS STATISTICS! 


2008 2009 200 — 201 — 2002 
Crude pigments sold or used? 

Quantity metric tons W W W W W 

Value thousands W W W Ww W 
Finished pigments sold? 

Quantity metric tons 83,300 50,800 54,700 48,000 48,400 

Value thousands $116,000 $74,000 $80,700 $73,900 $77,700 
Exports:* _ 

Quantity metric tons 4,740 5,640 8,7550 8,660" 8,950 
_ Value = thousands $12,100 $15,500 $15,700 $15,000" $13,500 
Imports for consumption: 

Quantity metric tons 155,000 106,000 151,000 158,000 151,000 

Value thousands $164,000 $127,000 $167,000 $188,000 $182,000 


"Revised. W Withheld to avoid disclosing company proprietary data. 


‘Data are rounded to no more than three significant digits. 


Мед. 
Natural (mined) and synthetic. 
^Pigment grade. 
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ТАВГЕ 2 
PRODUCERS OF IRON OXIDE PIGMENTS AND REGENERATED [КОМ OXIDES 
IN THE UNITED STATES IN 2012 


Producers Plant location 

Crude pigments: 

Alabama Pigments Co., LLC Green Pond, AL. 

Hoover Color Corp. Hiwassee, МА. 

New Riverside Ochre Co., Inc. Cartersville, GA. 
Finished pigments: 

Alabama Pigments Co., LLC Green Pond, AL. 

Dynamic Color Solutions, Inc. Milwaukee, WI. 
.. Hoover Color Corp. Hiwassee, МА. 

New Riverside Ochre Co., Inc. Cartersville, GA. 

Prince Minerals, Inc. Quincy, IL; and Bowmanstown, PA. 

Rockwood Pigments NA, Inc. Beltsville, MD; Cartersville, GA; King of Prussia, PA; 


Los Angeles, CA; and St. Louis, MO. 
Regenerator iron oxides: 


American Iron Oxide Co.! Allenport, PA; Portage, IN; and Rockport, IN. 
ArcelorMittal Weirton Inc. Weirton, WV. 

Bailey-PVS Oxides, L.L.C. Decatur, AL; Fairfield, AL; and Delta, OH. 
International Steel Services, Inc. Burns Harbor, IN; and Warren, OH. 


'Division of International Steel Services, Inc. 


TABLE 3 
U.S. EXPORTS OF IRON OXIDES AND HYDROXIDES, BY COUNTRY! 


Pigment grade Other grade 
2011 2012 ИШЕ Л ИШИНИН 2012 
Quantity Value Quantity Value Quantity Value Quantity Value 
Argentina 6 $41 19 $15 -- -— 5 $60 
Australia P 74 220 89 238 82 $179 400 297 
Belgium 1,240 4,410 765 3,090 117 503 396 935 
Brazil 182 898 100 421 252 749 197 316 
Сапада 39 69 19 40 12,600 13,900 7,350 12,900 
Chile 85 587 334 641 -- -- 41 65 
China 2,350 2,460 2,640 2,900 23,200 7,260 23,300 10,900 
Colombia 121 506 45 304 81 203 489 522 
France 31 118 16 77 115 654 36 632 
Germany 48 68 3 7 45 291 2,050 1,280 
Haiti 9 33 7 26 5 17 5 22 
Hong Kong 225 809 44 163 760 777 65 106 
India 86 341 92 292 27 109 102 404 
Indonesia 3 12 3 23 95 98 76 117 
Israel 4 10 19 61 122 55 802 272 
Italy 9 59 11 77 102 100 - 
Jamaica 9 34 15 41 -- — 4 i6 
Japan 11 31 21 89 14 16 25 19 
Korea, Republic of 17 51 39 243 58 638 36 628 
Mexico 3,560 2,450 3,900 2,590 1,970 1,550 2,790 3,960 
New Zealand — — 8 25 а ss 38 93 70 E 
Singapore 6 29 11 71 99 509 68 a 
Spain 45 106 21 85 12,200 3,060 11,700 4.0 
Taiwan 62 169 146 263 211 2,420 13 жи 
Thailand ' қ i 
КЕ 28 111 9 61 21 16 22 
United Kingdom __ 105 369 287 967 718 1,810 531 i 
Venezuela 113 254 15 48 176 T 
353 246 

ther | 179 € 698 ' 278 680 328 ' 1,320 ' 407 ЗЕ 

ota 8,660 ' ,000 7 2950. п ^ ^ sid О — 099 
TZ 15,000 8,950 13,500 53,400 36,700 51,400 41,900 


In, m ie 
Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau; data adjusted by the U.S. Geological Survey. 
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TABLE 4 
U.S. IMPORTS FOR CONSUMPTION OF SELECTED IRON OXIDE AND HYDROXIDE PIGMENTS, BY TYPE! 


Eee 


Type 
Natural: 


Earth colors? 


Micaceous 
Total 


Synthetic: 


Black 

Red 

Yellow 

Other" 
Total 

Grand total 


Principal sources, 2012 
(metric tons) 


Cyprus, 1,800; Italy, 121. 
France, 477; Germany, 277; Spain, 275; Austria, 196. 


2011 2012 
Quantity Value Quantity Value? 
(metric tons) (thousands) (metric tons) (thousands) 
2,280 $1,190 1,930 $984 
1,020 1,130 1,340 1,420 
3,310 2,310 3,280 2,400 
44,200 47,500 40,500 41,900 
58,600 69,900 59,600 72,500 
49,800 64,800 46,200 62,600 
1,810 3,320 1,350 2,390 Спа, 1,350. 
154,000 186,000 148,000 179,000 
158,000 188,000 151,000 182,000 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


?Customs value. 


?Includes those earth colors not elsewhere specified or included. 


“Includes synthetic brown oxides, transparent oxides, and magnetic and precursor oxides. 


Sources: U.S. Census Bureau. 


TABLE 5 
U.S. IMPORTS FOR CONSUMPTION OF IRON OXIDE AND IRON HYDROXIDE PIGMENTS, BY COUNTRY! 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


^Customs value. 


Sources: U.S. Census Bureau. 
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Germany, 13,500; China, 10,800; Canada, 9,180. 
China, 40,800; Germany, 14,800. 
China, 23,700; Germany, 9,250; Brazil, 8,890. 


Natural Synthetic 
2011 2012 2011 
Quantity Value? Quantity Value? Quantity Value? Quantity 
Country (metric tons) (thousands)  (metrictons) (thousands) (metric tons) (thousands) (metric tons) 
Austria 117 $217 196 $303 13 $33 16 
Belgium == Еа БЕ -- 10 22 7 
Brazil = = -~ -- 11,000 14,700 9,160 
Canada == == ~- -- 12,600 3,730 9,810 
China 39 25 28 25 77,800 87,400 75,800 
Colombia == = -- -- 1,750 2,700 2,440 
Cyprus 1,980 935 1,880 886 -- -- m 
France 417 379 478 388 190 1,100 114 
Germany 259 324 277 316 39,700 48,900 37,900 
Italy 203 113 121 86 6,250 12,300 9,310 
Japan 1 58 3 35 3,500 13,300 1,630 
Зрат 268 236 275 314 274 190 309 
Sweden -- -- -- -- 285 44 30 
Other 19 24 19 53 1,040 1,130 1,140 
Total 3,310 2,310 3,280 2,410 154,000 186,000 148,000 
-- Zeto. 


Value? 
(thousands) _ 
$42 

4 

12,700 
3,440 
86,300 
3,690 

682 
48,400 
17,400 
4,930 

198 

52 

1,580 
179,000 
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TABLE 6 
NATURAL IRON OXIDE PIGMENTS: ESTIMATED WORLD PRODUCTION, BY COUNTRY"? 


“Шай з. ps з => а валаа 


(Metric tons) 
Country” 208 — 200 — 20102012012 
Austria, micaeous iron oxide 5,000 ' 4,000 ' 4,000 ' 4,000 " 4,000 
Brazil МА ' NA! МА ' МА ' МА 
Cyprus, umber 4,471 "4 4,363 ^^ 4,500 ' 4,000 ' 4,000 
France 2,800 2,800 2,800 2,800 3,000 
Germany^ >“ 251,412 209,172 233,909 223,288 ' 204,198 
India, ocher 1,117,000 ^* 890,000 ^* 1,237,000 ^*^ 1,100,000" 1,200,000 
Iran МА ' МА ' МА' МА ' МА 
Italy 500 105 "4 117 »^ 112° · 100 
Lithuania МА ' NA‘ МА ' NA‘ NA 
Pakistan, ocher 51,417 54 55,985 ^* 50,220 "^ 40,932 ^^ 140,000 
Paraguay, ocher NA' NA' МА: МА ' МА 
South Africa 39 ^ 183 4 244 4 266 "4 270 
Spain, ocher and red iron oxide 18,000 ' 17,000 € 15,500 "4 15,000 "4 16,500 4 
Turkey МА ' МА ' МА ' NA‘ NA 
United Kingdom МА ' МА ' NA‘ NA‘ NA 
United States W W W W W 


"Revised. NA Not available. W Withheld to avoid disclosing company proprietary data. 

'Estimated data are rounded to no more than three significant digits. 

?Table includes data available through September 26, 2013. 

?In addition to the countries listed, a number of others produce iron oxide pigments, but output is not reported and no basis 

is available for formulating estimates of output levels. Such countries include Azerbaijan, Brazil, China, Honduras, Iran, 
Kazakhstan, Lithuania, Paraguay, Russia, Turkey, Ukraine, and the United Kingdom. Unreported output is probably substantial. 
*Reported figure. 

$ Accurate information concerning exactly how much of this production translates into iron oxide pigments is not 

available. 


SProduction includes natural and synthetic iron oxide pigments. 
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КУАМТЕ AND RELATED MINERALS 
By Arnold O. Tanner 


Domestic survey data and tables were prepared by Elsie D. Isaac, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


The United States continued to be the world's leading 
producer of kyanite and mullite (calcined kyanite), with a 
combined estimated production of 98,500 metric tons (t) in 2012 
(Virginia Department of Mines, Minerals and Energy, 2013) 
(tables 1, 7). Domestic production of synthetic mullite (calcined 
aluminous and siliceous minerals and clays) was estimated to 
be 40,000 t. Andalusite was mined and marketed as part of a 
mineral mixture at one U.S. operation, but data were withheld to 
avoid disclosing company proprietary data. No U.S. production 
of sillimanite was reported. Refractory products continued to 
be the dominant end use for kyanite and related minerals. Of 
the refractory usage, an estimated 65% was in ironmaking and 
steelmaking, the remainder in the manufacture of chemicals, 
glass, nonferrous metals, and other materials. World production 
of kyanite and related minerals was estimated to be at least 
408,000 t (tables 1, 7). 

This report includes information on the polymorphs 
andalusite, kyanite, and sillimanite, all of which have the 
same chemical formula, Al,SiO, and on mullite (calcined and 
synthetic) that has the chemical formula Al,S1O,,. Andalusite, 
kyanite, and sillimanite are the primary minerals of what is 
referred to as the kyanite group minerals, especially in the 
United States where kyanite is prevalent, but are also known 
collectively as the sillimanite minerals where that mineral is 
more common, particularly in India. Of these aluminosilicate 
minerals, mullite is preferred because of its superior refractory 
(heat-resistant) properties (it is stable to 1,800 °С) and high 
strength, but it is rarely found in nature in minable quantities. 
Each of the kyanite group minerals is composed of 6376 
alumina and 37% silica, which when “calcined” or heated to 
1,250 to 1,500 °С, and depending upon which mineral, grain 
size, impurities present, and rate of temperature increase, 
they convert to about 8896 mullite and 12% silica. In the 
United States, the term mullite generally refers to mullite that 
is produced by calcining kyanite (to a temperature of 1450 "С 
or more), whereas synthetic mullite typically refers to mullite 
made by calcining certain mixtures of alumina- and silica- 
containing minerals and materials, including bauxite and kaolin, 
at similarly high temperatures. 


Production 


In 2012, an estimated 98,500 t of kyanite and mullite was 
produced in the United States, up slightly from production in 
2011 (Virginia Department of Mines, Minerals and Energy, 
2013) (tables 1, 7). The estimated value of kyanite and mullite 
produced in the United States in 2012 was about $31 million 
(table 1). 

The Kyanite Mining Corp. (KMC) has mined the kyanite 
deposits in central Virginia since 1945 and was the sole U.S. 
producer of kyanite and kyanite-derived mullite in 2012. 
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The company operated two open pit mines in Buckingham 
County, the East Ridge Mine and the Willis Mountain Mine, 
and beneficiated the ore into a marketable kyanite concentrate, 
an estimated 3096 to 3596 of which then was converted by 
calcination into mullite at its Gieseke Plant (East Ridge), at 
Dillwyn, VA. Actual production data for KMC reported to 

the U.S. Geological Survey (USGS) were withheld to avoid 
disclosing company proprietary data. KMC's concentrate 
graded 92% to 96% kyanite containing between 55% and 60% 
alumina (ALO,); the derived mullite product contained about 
80% mullite. Reserves at the two Virginia mines were estimated 
by KMC as sufficient for 50 to 75 years at current output 

levels. If operated on a 24-hour basis, KMC’s annual integrated 
mining and processing capacity was more than 135,000 t of 
commercial-grade kyanite concentrate, a portion of which could 
be calcined to more than 45,000 t of mullite (Kyanite Mining 
Corp., 2006). 

In an ongoing legal dispute regarding KMC corporate 
management brought by minority stockholders, the Virginia 
State Supreme Court in September left intact liquidation 
proceedings of the Disthene Group, Inc., the holding 
company for KMC. In August, the Fairfax County Circuit 
Court ruled that company assets had been mismanaged and 
minority shareholders treated unfairly and subsequently 
ordered the liquidation of KMC. The circuit court assigned a 
Maryland-based consulting firm, Protiviti, Inc., to sell KMC's 
assets, reputedly worth $200 million. Day-to-day operation of 
the mine continued with current employees. Awaiting a decision 
concerning an appeal filed with the Virginia Supreme Court near 
yearend, liquidation activities remained pending 
(Hughes, 2012). 

C-E Minerals (part of Imerys SA Group) produced synthetic 
mullite products from calcined bauxitic kaolin near Americus, 
GA, including products that contained 65%, 77%, and 87% 
mullite (C-E Minerals, 2012). Estimated U.S. production of 
synthetic mullite in 2012 was about 40,000 t with an estimated 
value of about $12 million (table 1). 

Piedmont Minerals Co., Inc. (Hillsborough, NC) mined a 
deposit of andalusite combined with pyrophyllite and sericite. 
The company sold products containing blends of the three 
minerals to producers of ceramics and refractories. 


Consumption 


As much as 9094 of kyanite and related minerals are used in 
the production of refractories and refractory products, about 
two-thirds of this is used in the production of iron and steel. 
Kyanite increases in volume, depending upon particle size, 
typically by 3% for very fine particles (325 mesh) to as much as 
25% for coarser particle fractions (35 mesh) when calcined to 
mullite and thus can be used as a raw concentrate in a refractory 
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mixture to offset the shrinkage on firing of other components, 
especially clays. Andalusite expands irreversibly by about 494 
to 6% when calcined and can be used directly in refractories in 
its raw state (Lassetter, 2012). In other refractory applications, 


kyanite concentrate is calcined to mullite and added to refractory 


mixes if the volume increase of kyanite is not required. Upon 
further heating, mullite exhibits no further expansion beyond 
normal thermal expansion. Mullite is resistant to abrasion 
and penetration by deleterious dusts, gases, and slags and has 
beneficial creep resistance, which limits physical deformation 
under load at high temperatures (Roskill Information Services 
Ltd., 1990, p. 56, 63). 

Examples of refractories that contain andalusite, kyanite, 
or mullite include insulating brick, firebrick, kiln furniture, 
refractory shapes, and monolithic refractories (made of a 
single piece or as a continuous structure) including castables 
(refractory concrete), gunning mixes, mortars, plastics, and 
ramming mixes. Monolithic refractories are supplied in unfired 
and unshaped form, in contrast to prefired and preshaped brick 
products, and may be gunned, hand packed, molded, poured, 
pumped, rammed, or vibrated into place (Moore, 2004). 

The iron and steel industry continued to be the leading user 
of refractories, including those containing kyanite and mullite. 
World and U.S. crude steel output slowed, increasing by 1.2% 
and 2.5%, respectively, in 2012 from that of 2011, following 
increases of about 6% and 796, respectively, in 2011 from 
2010. The leading steel-producing countries, which also would 
be leading consumers of refractory products, include China, 
accounting for 46.396 of the world's steel production in 2012; 
Japan, 6.996; the United States, 5.7%; India, 5.0%; Russia, 
4.696; the Republic of Korea, 4.5%; and Germany, 2.8%. These 
countries accounted for nearly 76% of world steel production 
in 2012 (World Steel Association, 20132). Other prominent 


refractories users were the nonferrous metal and glass industries. 


Other end uses of kyanite and related materials included 


abrasive products such as brake shoes and pads and grinding and 


cutting wheels; ceramic products such as electrical insulating 
porcelains, sanitaryware, and whiteware; foundry products and 
precision casting molds; and other products (Kyanite Mining 


Corp., 2006). 
Prices 


Published prices for kyanite serve only as a general guide. 
For raw kyanite concentrate and calcined kyanite (mullite), 
largely dependent on grade sizing, U.S. domestic prices | 
increased slightly. Prices for imported andalusite rose by 2% 
to 5% in early 2012 and were unchanged to yearend. The 
increase resulted from increased refractory industry demand, 
in part because refractory companies made efforts to substitute 
andalusite for bauxite in their refractory products, and also 
because Imerys increased prices on its imported О | 
The value of andalusite, (South Africa) 57% to 58% alumina т 
2 000-metric-ton-bulk lots, increased to $311 to $370 per ton 
from $311 to $358 per ton in 2011. The value of andalusite, 

th Africa) f.o.b. (free on board) 55% to 59% alumina in 
оо metrie-ton-bulk lots, European port, increased to $463 
б $562 per ton from $466 to $540 per ton п 2011 (Industrial 


Minerals, 2012; Lismore, 2012) (table 2). 
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Foreign Trade 


Nearly 45% of U.S. kyanite and mullite (calcined kyanite ог 
synthetic, unspecified) output was exported in 2012 (tables 1,3, 
and 4). Exports of kyanite (excluding mullite) shipped to more 
than 30 countries decreased 4.4% overall to 36,400 t, valued at 
$11.7 million (table 3). Exports of mullite shipped to about 30 
countries increased by 17% to 24,800 t, valued at $9.9 million 
(table 4). Germany, China, Japan, Netherlands, and the Republic 
of Korea, combined, received 53% of kyanite exports, and 85% 
of mullite exports went to Canada, Germany, Mexico, and the 
United Kingdom, in descending orders of quantity (tables 3, 4). 

U.S. imports of kyanite group minerals (thought to be 
mostly andalusite) decreased by 39% to 3,260 t, valued at 
$1.61 million in 2012 (tables 1, 5). Of these 2012 imports, 
7894 was from South Africa, 11% from Peru, and nearly 6% 
from France (table 5). Imports of mullite (calcined kyanite or 
synthetic, unspecified) decreased by 14% to 6,280 t, but the 
value increased to nearly $9.2 million (table 6). The majority of 
mullite imports were from Canada and Germany, with 57% and 
25%, respectively, and 8% from Brazil and 6% from Hungary. 


World Review 


South Africa continued to be the leading producing country 
of andalusite, and India was the leading producer of sillimanite 
(table 7). Countries thought to be producers of synthetic mullite 
[sintered mullite and (or) fused mullite] included Brazil, China, 
Germany, Hungary, and Japan (Taylor, 2005). 

The continued growth in the world's steel industry and the 
sporadic availability of inexpensive refractory-grade bauxite 
from China served to increase the demand in refractory 
production for alternate raw materials such as andalusite. The 
leading andalusite producers in China, Peru, and South Africa 
continued to expand operations, and a new mine was under 
development in Spain (Feytis, 2011a). Andalusite Resources 
(Pty.) Ltd. of South Africa worked with researchers to adjust 
refractory compositions to assist customers in changing from 
bauxite to andalusite (Modiselle, 2012, p. 204). Conversely, 
production began at low-iron, refractory-grade bauxite mines 
in Brazil, Guyana, and Russia, potentially representing new — 
competition for the kyanite group minerals, especially andalusite 
(Saxby, 2013a). | 

China.—Although China was thought to produce kyanite , 
group minerals, detailed production data have been unavailable 
since 2003. Damrec SA (a subsidiary of Imerys) reported 
increased production capacity to 40,000 metric tons per year 
(t/yr) at its Yilong Andalusite Mineral Co. facilities in the 
Xinjiang Region of northwestern China (Dyson, 2012). T 

Guyana.—In March, Chinese-owned Bosai Minerals à и 
Guyana Inc. announced plans to invest more than $100 p 
to diversify and expand its bauxite operations at Linden, 
million of which was to construct a third kiln to produce - 
synthetic mullite for the glass and steel industries and propp 
for hydraulic fracturing, $40 million to expand the mine, Я 
and more than $6 million to resolve the Linden ee "T 
longstanding dust pollution problems. The E no 
collector systems on the two existing kilns was more ed 
complete by midyear, serving to improve the mine an 
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environment and trap valuable bauxite dust previously going up 
the smokestacks (Marshall, 2012). 

Peru.—In northwestern Peru, Andalucita S.A. (sister 
company of Refractarios Peruanos S.A.) continued development 
and production from its andalusite resources within 
unconsolidated sand and gravels of the Tablazo Mancora flood 
plain and evaluation of other mineral resources in northwestern 
Peru. In mid-2012, Andalucita, located 20 kilometers from the 
deep sea port of Piata, increased its production capacity rate 
for andalusite ore from 15,000 t/yr to 25,000 t/yr and revised 
plans to increase that rate to 48,000 t/yr by mid-2013. A primary 
andalusite grade of 59% to 60% АТО, and a maximum of 0.85% 
iron oxide was produced for refractory consumers. About 50% 
was sold for use in steel manufacturing and 50% for cement, 
glass, and aluminum products, with a high percentage going 
to customers in Europe and the Americas. The company also 
began production of a coarser 3 to 8-millimeter andalusite 
product mainly for use in castables. Imerys separately owned 
an extension of the same andalusite deposit, thought to have 
reserves of similar tonnage to Andalusita’s, but had yet to 
develop a mine (Feytis, 2011a; Dyson, 2012 ). 

Latin Resources Ltd. (Perth, Australia) announced 
significantly increased resource estimates for its Guadalupito 
iron and mineral sands project. The company stated that the 
project’s 40-meter-thick Los Conchales zone resource graded 
6.1% heavy minerals, dominated by andalusite (21% to 
24%) and magnetite (22% to 25%). An estimated 60% of the 
andalusite was found as liberated particles. The Los Conchales 
resource is more than 90% below the water table, making it 
amenable to dredging if a mine is developed at the deposit 
(Ollett, 2013). 

South Africa.—Andalusite Resources (Pty.) Ltd. mined 
andalusite near capacity at its Maroeloesfontein Mine in 
Thabazimbi, Limpopo Province. In 2012, the company 
achieved a production rate of about 72,000 t/yr at midyear, and 
depending upon market growth, expected to expand to 80,000 
to 100,000 t/yr by yearend 2012 and as much as 290,000 t/ 
yr by 2014. Andalusite Resources revised expected mine life 
to 60 years at 70,000 t/yr, and to 80 years for its additional 
reserves. The company's main markets were in China, Europe, 
India, and South Africa (Feytis, 2011a; Dyson, 2012). 

Damrec SA (a subsidiary of Imerys) produced more than 
70% of the andalusite in South Africa and planned to increase 
output by 3096 within the next 2 years. Rhino Minerals (Pty.) 
Ltd. operated three of Damrec's four South African mines: the 
Annesley, Havercroft, and Rhino Mines in Limpopo Province. 
Samrec (Pty.) Ltd. operated the fourth mine, the Krugerspost 
Mine near Lydenburg, Mpumalanga Province (Modiselle, 

2012, p. 203). 

Carborundum Universal Ltd. (through its subsidiary CUMI 
International Ltd., Cyprus) entered into a binding agreement to 
purchase RHI Isithebe Pty. Ltd. of South Africa, producer of 
30,000 t/yr of fused mullite and zircon mullite. The plant was to 
be renamed Thugela Refractories, Isithebe and it would focus on 
its electromineral and refractory business (Ollett, 2012). 

Spain.—Picobello Andalucita SL, which was permitted to 
develop its Picobello andalusite project, 15 km from El Ferrol 
port northwest of Galacia and nearly adjacent to the Fragas 
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do Eume National Park, proceeded with mine development. 
The company planned to extract ore to a depth of 20 to 40 
meters (m) during a 15-year mine life at a rate of 65,000 t/yr, 
of which 50,000 t/yr would be refractory grade andalusite and 
the remainder used for metallurgical applications. Development 
of the mine was a source of continuing contention owing to its 
proximity to the park (Feytis, 201 1a). 


Outlook 


In the United States, apparent consumption of steel, the 
refractories market’s leading industrial customer, was projected 
to increase by 2.7% in 2013 and by 2.9% in 2014, following 
an 8.4% increase from 2011 to 2012 that resulted mostly from 
growth in the automotive and energy sectors. Future increases 
assume a continuation of the slow, yet steady, construction 
sector recovery (World Steel Association, 2013b). 

World steel consumption growth is expected to stabilize, 
increasing by 2.9% in 2013 and by 3.2% in 2014, after a 1.2% 
increase in 2012, much of which resulted from the Eurozone 
crisis. Because of efforts by the Chinese Government to 
moderate growth, especially in its real estate sector, and to 
rebalance its economy, China’s steel consumption was expected 
to increase by 3.5% in 2013 and 2.5% in 2014 (World Steel 
Association, 2013b). China’s 2-billion-metric-ton-per-year 
cement industry also was in need of sources of raw materials 
like the kyanite group minerals for the manufacture of refractory 
products. Continued growth was expected in China’s cement 
industry, as evidenced by the building of a significant number of 
new kilns—all of which are refractory lined. 

Natural raw aluminosilicate minerals, such as andalusite and 
kyanite, have become increasingly sought after as alternative 
materials to bauxite in certain refractory applications. The 
Chinese Government reduced its export license quotas for bauxite 
in 2012 to 700,000 t from 830,000 t in 2011, decreasing its 
availability for export. Rising production and energy costs for 
bauxite ore and the nearly exclusive licensing of metallurgical- 
grade bauxite mines by the Chinese Government since 2003 
may serve to lessen the availability of refractory-grade bauxite 
(Saxby, 2013b). The dependence on bauxite developed during 
the past two decades may lessen for many countries depending 
on, (1) the ability of refractories producers to use or substitute 
andalusite, kyanite, and similar raw materials for bauxite in 
refractory applications, (2) the quantities and prices of andalusite 
and similar materials produced at new and expanded mines, and 
(3) and the quantities of bauxite available for mullite production 
from such projects as the mine expansion and kiln construction in 
Guyana. Additionally, inexpensive refractory-grade bauxite that 
becomes available for export from new or future mines in Brazil, 
Guyana, and Russia may become sources of competition for 
andalusite and kyanite in some applications, such as steel furnaces 
and industrial boilers (Saxby, 2013a). Although other refractory 
materials are available as substitutes for bauxite in various 
applications, the kyanite minerals group of aluminosilicates 
commonly have better thermo-mechanical properties than many 
other materials, although they may contain slightly less alumina 
than bauxite. When compared to higher alumina raw materials, 
andalusite is expected to be an increasingly attractive alternative 
because it requires firing at a lower temperature than most other 
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alternative materials when used to produce а dense and shrinkage 
resistant refractory aggregate. This reduces energy consumption 
and greenhouse gas emissions (Feytis, 2011b). For durable 
refractories, technological advances are likely to include increased 
use of synthetic mullite (Feytis, 2011a). Available andalusite 
supplies are expected to increase owing to mine expansions and 
new mines in France, Peru, South Africa, and Spain. 

The Asia-Pacific region is the largest market for refractories, 
and China is anticipated to remain the leading single market, 
comprising the majority of global consumption. Above-average 
growth is expected to take place in India. For the next several 
years, increases in the market for refractories are likely to take 
place in Eastern Europe, North America, and Western Europe, 
with Eastern Europe having the highest growth of these regions. 
North America may have continued refractory market growth, 
resulting from recovery in manufacturing and steel producing, 
but in the longer term, North American growth is expected 
to lag behind the global average, as a result of a shift in steel 
production to developing countries. Finding and procuring 
a consistent supply of refractory raw materials, especially at 
affordable prices, is likely to remain a challenge for refractory 
producers, particularly those in Europe and the Western 
Hemisphere (Deneen, 2011). 
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TABLE 1 
SALIENT U.S. KYANITE AND RELATED MINERALS STATISTICS! 


2008 2009 2010 2011 2012 
Production 
Kyanite: 
Quantity? metric tons 97,200 71,000 93,400 ' 98,200 ' 98,500 
Value® thousands $26,000 $21,000 $29,000 " $31,000‘ $31,000 
Synthetic mullite: 
Quantity metric tons 40,000 40,000 40,000 40,000 40,000 
Value thousands $10,000 $10,000 $12,000 $12,000 $12,000 
Exports:? 
Quantity metric tons 36,100 25,800 37,900 38,100 36,400 
Value“ thousands $10,400 $7,510 $11,300 $11,600 $11,700 
Imports for consumption:? 
Quantity metric tons 5,580 4,880 2,180 5,390 3,260 
Value? thousands $1,930 $2,060 $938 $2,230 $1,610 
Consumption, apparent® metric tons 107,000 90,100 97,200 105,000 105,000 
World, production" ' do. 423,000' 340,000" 391,000" 393,000" 408,000 


“Estimate. "Revised. do. Ditto. 

'Data are rounded to no more than three significant digits. 

?Source: Virginia Department of Mines, Minerals and Energy, 2013, DMM report TNPR.06: comparison of annually reported 
tonnage data: Charlottesville, VA, Virginia Department of Mines, Minerals and Energy. (Accessed April 2, 2013, 

via http;//www.dmme.virginia.gov/DMM/miningdata.shtml.) 

Source: U.S. Census Bureau. 

^Free alongside ship (f.a.s.) value. 

5Customs value. 

*Includes kyanite and synthetic mullite production + imports — exports. 

"In addition to the countries in table 6, a number of other countries produce kyanite and related materials, but output is not 
reported quantitatively, so these total world output levels are a minimum. 


TABLE2 
PRICES OF KYANITE AND RELATED MINERALS IN 2012 


(Dollars per metric ton) 


BREED i a PEE 


Price 
NEMINEM MM NEHME UK NEMINEM MEM EI MM № 
‘Andalusite, free on board, South Africa, 55% to 59% alumina, 2,000-metric-ton bulk lots, European port — 463-562. 
Kyanite, United States, ex-works, calcined (mullite), 54% to 60% alumina, 22-ton lots па 411-484 


Source: Industrial Minerals, December 2012, р. 61—62. 
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TABLE 3 


U.S. EXPORTS OF КУАМТЕ, BY COUNTRY"? 


2011 2012 
Quantity Value? Quantity Value 
Country (metric tons) (thousands) (metric tons) (thousands) 
Argentina 124 534 140 $37 
Australia 676 ' 204 425 130 
Belgium 4,450 1,340 2,640 812 
Canada 2,580 842 2,410 816 
China 3,400 884 3,960 1,100 
Egypt 340 80 280 70 
Germany 5,640 1,670 5,700 1,820 
Hungary 262 80 264 77 
India 282 81 481 122 
Indonesia 80 18 118 31 
Italy 2,130 585 1,650 454 
Japan 3,850 1,360 3,510 1,270 
Korea, Republic of 2,710 765 2,740 942 
Malaysia 648 158 220 53 
Mexico 518 173 2,300 714 
Netherlands 3,230 950 3,360 1,030 
Poland 352 92 352 90 
South Africa 178 138 386 299 
Spain 482 146 420 118 
Sweden 1,120 303 928 263 
Taiwan 707 186 638 231 
Thailand 413 99 360 91 
Turkey 547 127 682 169 
United Kingdom 1,850 649 2,040 721 
Other 1,530 € 623 ' 433 .159 
Total 38,100 11,600 36,400 11,700 
"Revised. 
! Harmonized Tariff Schedule of the United States code 2508.50.0000 for kyanite concentrate. 
2Data are rounded to no more than three significant digits; may not add to totals shown. 
?Free alongside ship (f.a.s.) value. 
Source: U.S. Census Bureau. 
TABLE 4 
U.S. EXPORTS OF MULLITE, BY COUNTRY 
аена crea O a БИШИ 
Quantity Value? Quantity Value’ 
Country (metric tons) (thousands) (metric tons) (thousands) 
Belgium 633 $292 389 $182 
Brazil 200 82 340 125 
Canada 12,900 3,520 10,500 2,990 
China 1,200 332 1,950 596 
Germany 975 474 3,870 2,230 
Hungary 132 55 132 55 
Italy 325 131 64 27 
Mexico 2,870 1,300 3,630 1,720 
Netherlands 153 58 519 287 
United Kingdom 1,500 733 3,090 1,530 
Other 267 107 319 150 
Total 21,200 7,080 24,800 | 9,890 
'Harmonized Tariff Schedule of the United States code 2508.60.0000 for mullite 
(calcined kyanite or synthetic). 
?Data are rounded to no more than three significant digits; may not add to totals 
shown. 
3Free alongside ship (f.a.s.) value. 
Source: U.S. Census Bureau. 
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TABLE 5 
U.S. IMPORTS FOR CONSUMPTION OF ANDALUSITE, 
KYANITE, AND SILLIMANITE' ?? 


2011 2012 
Quantity Value' Quantity Value’ 

Country (metric tons) (thousands) (metric tons) (thousands) 

France 703 $360 183 $137 
Peru 342 130 342 155 
South Africa 4,320 1,740 2,530 1,220 
Other 20 7 208 103 
Total 5,390 2,230 3,260 1,610 


! Most material is thought to be andalusite. 

?Harmonized Tariff Schedule of the United States code 2508.50.0000 for kyanite concentrate. 
?Data are rounded to no more than three significant digits; may not add to totals shown. 
^Customs value. 


Source: U.S. Census Bureau. 


TABLE 6 
U.S. IMPORTS FOR CONSUMPTION OF MULLITE'? 


2011 2012 
Quantity Value? Quantity Value? 

Country (metric tons) (thousands) (metric tons) (thousands) 

Brazil 761 $952 481 5439 
Сапада 2,680 2,160 3,600 3,360 
China 1,400 434 223 89 
Germany 2,210 3,260 1,560 4,720 
Hungary 193 244 397 489 
Japan "-— 91 119 9 39 
Other 9 15 11 20 
Total 7,340 7,180 6,280 9,160 


'Harmonized Tariff Schedule of the United States code 2508.60.0000 for mullite 


calcined kyanite or synthetic, unspecified. 
2 es m 
Data are rounded to three significant digits; may not add to totals shown. 


3 
Customs value. 


Source: U.S. Census Bureau. 
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ТАВТЕ 7 


KYANITE AND RELATED MINERALS: WORLD PRODUCTION, BY COUNTRY"? 


*Estimated. 'Revised. -- Zero. 


(Metric tons) 

Country and commodity? 2008 2009 

Brazil, куапіќе“ 600 600 

France, andalusite* 65,000 65,000 

India: 

Kyanite 4,082 ' 4,839 ' 
Sillimanite 38,469 ' 33,699 € 
Total 43,451 ' 38,538 ' 

Peru, andalusite -- -- 

South Africa, andalusite 216,667 165,217 

United States, kyanite^ > 6 97,200 71,000 
Grand total" 423,000 "€ 340,000 ' 


2010 


600 
65,000 


5,513 ' 
37,183 ' 
42,696 ' 

262 
189,185 ' 
93,400 ' 
391,000 " 


2011 
600 
65,000 


5,500 ^* 
37,000 =° 
42,500 ^* 

276 


186,242 " 


98,200 ' 


393,000 ' 


2012* 


600 
65,000 


5.600 
38,000 
43,600 

375^ 
200,000 
98,500 


408,000 _ 


World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


*Table includes data available through July 8, 2013. 


3In addition to the countries listed, Australia and China produce kyanite and related materials, but output is not reported 
quantitatively, and no reliable basis is available for estimation of output levels. 


"Reported figure. 
*Excludes synthetic mullite. 


Virginia Department of Mines, Minerals and Energy, 2013, DMM report TNPR.06: Comparison of annually reported tonnage 
data: Charlottesville, VA, Virginia Department of Mines, Minerals and Energy. (Accessed April 2, 2013, via 


http://www.dmme.virginia.gov/DMM/miningdata.shtml.) 
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LEAD 


By David E. Guberman 


Domestic survey data and tables were prepared by Elsie D. Isaac, statistical assistant, and the world production tables were 


prepared by Glenn J. Wallace, international data coordinator. 


In 2012, domestic mine production of recoverable lead was 
336,000 metric tons (t), essentially unchanged from that of 
2011. Alaska and Missouri were the principal producing States 
accounting for most domestic mine production. 

In the United States, lead in concentrate was produced 
at 8 mines that employed about 1,660 people. The value 
of domestic mine production in 2012 (based on the North 
American Producer Price) decreased 6% to $845 million 
despite production remaining essentially unchanged, owing to 
a decrease in the average price of lead. Primary lead metal was 
produced at a smelter-refinery in Missouri. 

Secondary (recycled) lead, derived principally from 
scrapped lead-acid batteries, decreased slightly from that in 
2011 and accounted for 91% of refined lead production in the 
United States in 2012 (table 3). Nearly all the secondary lead 
was produced by 7 companies operating 14 smelters. 

Lead metal was consumed domestically by more than 
70 companies to manufacture such products as ammunition; 
building-construction materials; covering for power and 
communication cable; lead oxides for ceramics, chemicals, 
glass, and pigments; lead sheet; solders for construction, 
electronic components and accessories, metal containers, and 
motor vehicles; and storage batteries. 

Lead-acid batteries, including starting-lighting-ignition 
(SLI) and industríal types, continued to be the dominant use of 
lead, accounting for about 8896 of reported lead consumption 
(table 4). SLI battery shipments by North American producers 
were 125.4 million units in 2012, a slight increase from 
those of 2011. This total included original equipment (OE) 
and replacement automotive-type batteries (Battery Council 
International, 2013, р. 23—24). 

World mine production of lead increased by 994, to 
3.17 million metric tons (Mt) from 4.73 Mt in 2011. The 
United States accounted for about 7% of global lead mine 
production, unchanged from that in 2011, and ranked third in 
the world. China and Australia were the two leading producers 
in 2012; accounting for 54% and 13%, respectively, of global 
lead mine production. China's share of global lead mine 
production has increased substantially during the past several 
years (table 12). World production of refined lead (primary 
and secondary) was 10.2 Mt, essentially unchanged from that 
in 2011. The United States was the second leading global 
producer of refined lead after China and accounted for 12% of 
global production. China produced about 46% of global refined 
lead (table 13). 

According to the International Lead and Zinc Study Group 
(ILZSG), global consumption of refined lead was 10.47 Mt in 
2012, essentially unchanged from that in 2011. The leading 
refined-lead-consuming countries in 2012 were China, 44%; the 
United States, 1494; India, 596; Germany, 4%; and the Republic 
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of Korea, 4% (International Lead and Zinc Study Group, 
2013b, p. 10-11, 16). 

The 2012 average annual London Metal Exchange (LME) 
cash price was $0.94 per pound, a decrease of 1496 from that 
of 2011. The North American Producer Price (the weighted 
average, based on 1993 production figures, of the list prices of 
those North American primary and secondary producers quoting 
list prices, in addition to those producers who have switched 
to LME pricing) decreased by about 6% to $1.14 per pound in 
2012 from $1.22 per pound in 2011. 


Legislation and Government Programs 


The Federal Aviation Administration (FAA) was developing 
a plan to meet the agency's goal of making unleaded fuel 
available to replace 100-octane low-lead fuel for most of the 
general aviation fleet by 2018. General aviation is the only 
transportation sector in the United States that still uses fuel 
containing the additive tetraethyllead. Piston engine aircraft, 
about 73% of the 167,000 aircraft in the U.S general aviation 
fleet, would be affected by the fuel conversion. In October, 
the FAA published a final report that addressed numerous 
challenges to transitioning the piston engine aircraft fleet to 
unleaded fuel and made recommendations for the transition 
process. Recommendations included implementation 
of a development roadmap for fuel producers that identifies 
milestones in the aviation fuel development process, centralized 
testing and certification of candidate fuels, and a collaborative 
industry-government research initiative to facilitate the 
development of an unleaded general aviation fuel. An unleaded 
fuel that could be used for the existing general aviation fleet 
does not exist, and a replacement fuel would need to be 
developed and certified (Federal Aviation Administration, 2012). 


Production 


Mine.—In 2012, domestic mines produced 336,000 t of 
recoverable lead, essentially unchanged from that of 2011 
(table 1). Lead mine production in the United States has 
decreased substantially since 2003 owing to shutdowns and 
curtailments at zinc and lead mines, with no new significant 
lead mines opening. In 2012, there were 8 lead-producing 
mines operating in the United States (table 2) compared 
with 19 in 2000. 

Alaska and Missouri accounted for most of the U.S. mine 
output of lead. Lead mine production also was reported 
in Idaho. Domestic mine production data were collected 
by the U.S. Geological Survey (USGS) from a voluntary 
survey of lode-mine operators (tables 1—2). All operators of 
lead-producing mines responded to the survey in 2012. 


Teck Alaska Inc. (a wholly owned subsidiary of Teck 
Resources Ltd., Vancouver, British Columbia, Canada) 
operated the Red Dog zinc-lead mine in northwestern Alaska 
under a royalty agreement with NANA Regional Corp., the 
sole owner of the property. NANA is a corporation organized 
under the provisions of the Alaska Native Claims Settlement 
Act. During 2012, Teck reported that production of lead in 
concentrate at Red Dog increased by about 14% to 95,400 t 
from 84,000 t in 2011 owing to improved mill recovery rates. 
The main pit at Red Dog was exhausted of resources during 
the first quarter of 2012, and mine production primarily came 
from the Aqqaluk deposit, developed in 2010. The Aqqaluk 
deposit was expected to provide sufficient ore to enable zinc 
and lead mining operations at Red Dog to continue until 2030. 
Proven and probable ore reserves at yearend 2012 totaled 
51.3 Mt grading 4% lead. Teck expected production to decline 
to 85,000 to 90,000 t of lead in concentrate in 2013 (Teck 
Resources Ltd., 2013a, p. 46; 20135, p. 31-32, 40). 

In 2012, Teck's Pend Oreille zinc-lead mine in northeastern 
Washington State remained on care-and-maintenance status. 

A core group of employees remained at Pend Oreille after the 
shutdown to facilitate a possible restart in the future, and all 
regulatory and environmental requirements were being met 
(Teck Resources Ltd., 2013a, p. 47). 

Hecla Mining Co. (Coeur d’Alene, ID) operated two 
lead-producing mines, the Greens Creek gold, lead, silver, 
and zinc mine near Juneau, AK, and the Lucky Friday lead, 
silver, and zinc mine in the Coeur d’Alene Mining District 
in northern Idaho. Hecla's production of lead in concentrate 
in 2012 decreased by 46% to 19,100 t from 35,500 t in 2011, 
primarily owing to the temporary closure of the Lucky Friday 
Mine. Lucky Friday was shut down temporarily in late 2011 
because of accidents that killed two miners and a rock burst 
in December. The Mine Safety and Health Administration 
(MSHA) ordered Hecla to remove loose material from the Silver 
Shaft, necessitating all operations at the mine to cease. Hecla 
submitted a plan to MSHA and received approval to remove | 
loose material and unused utilities and to install a metal brattice 
wall that would improve shaft functionality. Rehabilitation work 
continued throughout 2012, and production resumed in early 
2013. As of December 31, 2012, total proven and probable 
lead reserves at the two mines were 545,000 t compared with 
535,000 t at yearend 2011 (Hecla Mining Co., 2013, p. 7-16). 

Primary Refined.—The Doe Run Resources Corp. (St. Louis, 
MO) operated the only domestic primary lead smelter-refinery 
facility, which was in Herculaneum, MO. Concentrates for the 

elter-refinery were mainly from four Doe Run mills that were 
о ined from six production shafts along the 
supplied ii к н i i. In 2012, domestic 
Viburnum Trend in southeastern Missouri. In , dome 

imary refined lead metal production was 1 11,000 t, а decrease 
ye from 118,000 t in 2011, partially owing to a shutdown 
a ° 6 у j ear Doe Run suspended operations at the smelter 
nain | vun through early May owing to an electrical fire 
Е and declared force majeure during the shutdown 
(Prentice, 2012a, b). d that it would be shutting 

2010, Doe Run announce that it wouk 

7 rimary lead smelter in Herculaneum in 2013 as part 

E e with Federal and State regulatory agencies that 
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limited smelter lead production to about 118,000 metric tons 
per year (t/yr) until it was closed. In 2012, the company decided 
not to construct a new commercial-scale primary lead plant 
based on new lead electrowinning technology it had unveiled 
in 2010 as a potential replacement for the Herculaneum smelter 
(Doe Run Co., The, 2012). 

Secondary.—The domestic secondary lead industry consisted 
of several vertically integrated battery producers that operate 
secondary lead smelters to supply lead for their lead-acid 
battery plants and several companies that operated stand-alone 
secondary smelters. The latter typically had tolling agreements 
with battery manufacturers to recycle their used lead-acid 
batteries and supply them with secondary lead. Secondary lead 
production declined slightly in 2012 from 2011, partially owing 
to a mild winter in most of the northeastern United States that 
did not generate as many battery failures as colder winters 
typically do, reducing scrap supply. An increase in exports of 
spent lead-acid batteries to smelters in Canada and Mexico 
during the past few years also limited the amount of scrap 
available to domestic smelters. 

Domestic secondary production of refined lead in 2012 
decreased slightly to 1.11 Mt from 1.13 Mt in 2011. Secondary 
lead accounted for 91% of domestic lead refinery production, 
unchanged from that in 2011. Lead-acid batteries continued to 
be the dominant source of recoverable lead scrap, accounting 
for 95% of all secondary lead (table 3). The domestic 
secondary data were derived by the USGS from monthly 
and annual surveys of secondary producers and consumers. 

In 2012, 11 companies producing secondary lead, exclusive 

of that produced from copper-base scrap, were surveyed; | | 
10 responded, representing about 99% of the total production 

of secondary lead. Of the total lead recycled in 2012, the | 
majority was recovered by 7 companies operating 14 plants in 
Alabama, California, Florida, Indiana, Minnesota, Missouri, 

New York, Pennsylvania, Tennessee, and Texas. Production and 
consumption for the nonrespondents were estimated by using 
prior-year levels as a basis (tables 1, 3). | 

In September, Johnson Controls Inc. (JCI) (Milwaukee, | 
WI), a leading producer of lead-acid batteries for automobiles, | 
opened its new $150 million secondary lead smelter facility 
(132,000 t/yr refined lead capacity) in Florence, SC. The 
plant was the first new secondary lead smelter opened in the 
United States in about 20 years and primarily would serve 
customers in the mid-Atlantic region. The Florence smelter 
was JCI's third secondary lead smelter in North America with 
the other two in Mexico. Production levels at the plant were 
expected to ramp up during the fourth quarter of 2012 and 
throughout 2013 (Johnson Controls, Inc., 2012a, b). 

In early November, Exide Technologies (Milton, En | 
announced that it would close its 72,000-t/yr secondary са 
smelter in Reading, PA, by March 31, 2013. According (0 
Exide, the decision was based on several factors, падину - 
price volatility in the lead market and increased ian built 
owing to regulatory requirements. The Reading p'an santial 
in 1972, and Exide would have needed to invest subs i 
capital to bring the smelter into compliance with us Nerone 
to the National Ambient Air Quality Standards an ден 
Emission Standards for Hazardous Air Pollutants. The с 


ges 
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had also announced plans to shut down а secondary smelter in 
Frisco, TX, by yearend 2012. Exide's three remaining smelters 
were expected to provide sufficient lead to meet internal battery 
manufacturing needs (American Metal Market, 20124). 


Consumption 


Reported U.S. consumption of refined lead decreased by 
4% in 2012 from that of 2011 owing primarily to decreases 
in lead used for ammunition and in storage batteries (table 4). 
Consumption of lead in SLI and industrial type lead-acid 
storage batteries represented about 8876 of the total reported 
consumption of lead (tables 4—6). Demand for lead was 
heavily reliant on the lead-acid battery industry and, in turn, 
the automotive sector. The Battery Council International (BCT) 
reported that in 2012, North American producers shipped 
125.4 million SLI automotive batteries, a slight increase from 
those in 2011, primarily owing to an increase in shipments 
of OE batteries for new vehicles. In 2012, 107.8 million 
replacement SLI batteries were shipped, essentially unchanged 
from those in 2011, accounting for 8696 of all North American 
batteries shipped in 2012. North American shipments of OE 
SLI batteries were 17.6 million units in 2012, an increase of 
14% from those of 2011. The increase in shipments of OE 
batteries was attributed to increased production of new vehicles 
during 2012 compared with production in 2011 (Battery 
Council International, 2013, p. 23—24; CRU International Ltd., 
2013, p. 160). 

Metalico Inc. (Cranford, NJ) was a leading domestic producer 
of lead-base products in 2012. Metalico's lead-fabricating 
segment produced lead sheet, shot, strip, and various extruded 
products at four facilities. In 2012, sales of fabricated lead 
products were valued at $66.4 million, a 9% decrease compared 
with lead fabrication sales in 2011. The decrease was attributed 
to a lower average sales price of fabricated lead products in 
2012 compared with that of 2011, and a decrease in quantity 
sold during that time period (Metalico Inc., 2013, p. 39). 


Prices 


The average monthly LME cash price for lead was 
$2,094 per metric ton in January and trended downward during 
the first half of the year. Average monthly lead prices reached 
a low of $1,854 per ton in June and then increased during the 
remainder of the year to $2,275 per metric ton in December. The 
Increase in the LME price during the second half of the year 
Was at least partially attributed to renewed investor interest in 
metals and other commodities following a decline in activity 
in early 2012 owing to uncertainty about the global economy. 
On an average annual basis, the North American Producer 
and the LME cash prices in 2012 decreased by 6% and 1495, 
respectively, from the 2011 average prices (CRU International 
Ltd, 2012, p. 1). 

Scrap prices increased during the year. According to 
American Metal Market, the average monthly price paid by 
domestic smelters for whole spent lead-acid batteries (the most 
prevalent form of lead scrap) increased from $0.30 per pound in 
January to a peak of $0.44 per pound in September and was at 
$0.37 per pound by yearend 2012. Reflective of the increase in 
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input costs, lead smelters increased spot premiums (usually over 
LME price) they charged to lead consumers during the year. 


Foreign Trade 


Most of refined lead imported in 2012 came from Canada and 
Mexico. In 2012, imports of unwrought (refined) lead metal 
in pigs and bars for consumption totaled 349,000 t, an 11% 
increase from those of 2011. The leading source was Canada, 
as was the case in 2011, accounting for 69% of unwrought lead 
metal imports compared with 80% in 2011. Unwrought lead 
metal imports from Mexico were essentially unchanged from 
2011 at 56,100 t, accounting for 16% of refined lead imports in 
2012. Refined lead imports from Australia increased to 24,300 t 
from 504 t in 2011 and accounted for about 7% of total refined 
lead imports (table 11). 

Total domestic exports of unwrought lead in 2012 were 
47,000 t, 17% more than those in 2011. Mexico was the leading 
destination for the unwrought lead exported in 2012, accounting 
for about 53% of the total. Exports to Belgium, the leading 
destination in 2011, decreased by 27% in 2012 from those 
in 2011 (table 10). 

Domestic exports of lead in concentrate were 214,000 t, a 
4% decrease from those of 2011. Nearly 62% of the lead in 
concentrate produced domestically was exported in 2012, and 
88% of lead in concentrate exports went to China (table 10). 

A substantial quantity of lead contained in new and spent 
lead-acid batteries is traded annually. U.S. Census Bureau trade 
data indicated that, in 2012, the United States imported about 
19.5 million SLI lead-acid batteries for consumption, slightly 
less than those in 2011. Mexico was the leading provider of SLI 
batteries, accounting for 61% of those imported in 2012. SLI 
batteries were also imported from China, Colombia, Germany, 
Philippines, the Republic of Korea, Spain, and Taiwan. The 
United States exported about 22.7 million spent SLI lead-acid 
batteries in 2012, 10% less than those in 2011. Most of those 
units were shipped to Mexico (90%) and Canada (9%) for 
recycling. Much of the lead recovered from the exported batteries 
was reused to manufacture lead-acid batteries at plants in Canada 
and Mexico, which were exported to the United States. 


World Review 


World mine production of lead increased by 9% to 5.17 Mt 
from 4.73 Mt in 2011. The United States accounted for about 
7% of global lead mine production, unchanged from that in 
2011, and was ranked third in the world. China and Australia 
were the two leading producers in 2012 accounting for 54% and 
13%, respectively, of global lead mine production (table 12). 
The increase in global mine production was owing primarily 
to increased production in Australia, China, and Peru that 
more than offset production decreases in Mexico. In 2012, 
144,000 t/yr of global lead mine production capacity was added 
principally in Australia, Canada, China, Mexico, and Portugal | 
Two mines in Australia, with a total production capacity of | 
about 38,000 t/yr, were closed in 2012 (International Lead and 
Zinc Study Group, 2013c, p. 5—6). 

World production of refined lead (primary and secondary) 
was 10.2 Mt, essentially unchanged from that in 2011. The 


United States was the second leading producer of refined lead 
and accounted for 12% of global refined lead production. China 
produced about 46% of global refined lead, followed by the 
United States, with 12%; and Germany, India, and Mexico with 
4% each (table 13). 

Refined lead production increases, most substantially in 
China and Mexico but also in India and Japan, offset declines 
in Australia, Bulgaria, Canada, Kazakhstan, the Republic 
of Korea, Spain, the United States, and other countries. 
Secondary lead production represented about 51% of total 
world refined lead production in 2012. Global secondary 
production, excluding China, which produces substantially 
more primary than secondary lead, accounted for 70% of 
total refined lead production. In 2012, two new lead smelters 
in China added about 230,000 t/yr of lead smelting. The 
remainder of the new global capacity (about 265,000 t/yr) 
was added in Costa Rica, Kazakhstan, and the United States. 
Smelters in Japan, New Zealand, and the United States closed 
in 2012, accounting for about 121,000 t/yr of refined lead 
production capacity (International Lead and Zinc Study Group, 
2013c, p. 5-6, 22—27). 

According to ILZSG, global consumption of refined lead 
was 10.47 Mt in 2012 essentially unchanged from that in 2011. 
The leading refined-lead-consuming countries in 2012 were 
China, 44%; the United States, 14%; India, 5%; Germany, 4%; 
and the Republic of Korea, 4%. During the preceding several 
years, China's consumption drove global growth; however 
in 2012 consumption in China was essentially unchanged 
from that in 2011 (International Lead and Zinc Study Group, 
2013b, p. 10-11). 

European Union.—Recylex S.A. (Paris, France), a leading 
lead producer in Europe, processed 156,200 t of spent lead-acid 
batteries, a 5% increase from 148,600 t in 2011. Scrap battery 
treatment facilities in Belgium, France, and Germany shipped 
the processed lead-bearing materials to the company's smelters 
in Belgium and Germany for refining. Total refined lead 
production from the company's smelters in 2012 was 152,300 t, 
а 20% increase compared with 126,400 t in 201 l. In 2012, 
the operating performance of the company's main smelter in 
Nordenham, Germany, was improved (Recylex S.A., 2013, 

p. 6, 12, 78). ее э: 

Australia.—Lead mine production in Australia in 2012 
increased by about 4% (27,000 t) from that in 2011. Xstrata 
ple’s (Zug, Switzerland) Mount Isa and Lady Loretta Mines 
in Queensland and the McArthur River Mine in the Northern 
Territory produced 193,500 t of lead in concentrate, a 
15% increase from that in 2011. Contrasting the increase in 

: i i refined lead production declined by 
mine production, primary gie 

% in 2012, owing to an unplanned shutdown o | 1e blas 
е i rter of 2012 at Nyrstar NV’s (Balen, 
furnace in the third quarte 

; im Port Pirie smelter. In 2012, Nyrstar announced 
Belgium) to upgrade the Port Pirie lead smelter with an 
bkn An | а furnace to replace the sinter 
oxygen-enriched >t ion facility, and a new sulfuric 
furnace, ап electricity co Bene mm | ble of processing а 

The upgraded plant would be capable of processing 
acid plant e of metal-bearing feed materials (including internal 
yi rane us Nyrstar’s zinc smelters and other waste streams) 
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while reducing airborne metal and dust emissions. (Nyrstar МУ, 
2013, р. 30-32, 66; Xstrata plc, 2013, p. 26). 

In October, Ivernia Inc. (Toronto, Ontario, Canada) 
announced that it would restart its Magellan lead mine 
(85,000 t/yr production capacity) in Western Australia in 
the second quarter of 2013. The announcement followed a 
July 2012 ruling by the Minister of Environment of Western 
Australia that approved conditions for the restart. The mine _ 
had been shut down since April 2011 owing to concerns about 
possible lead contamination after lead-bearing mud was detected 
on shipping containers that had been transported from the mine 
to the Port of Freemantle. Ivernia expected to sell lead from its 
stockpiles during ramp-up operations in 2013. Full production 
at the mine was targeted for yearend 2013, and the restart was 
expected to cost about $20 to $25 million (Frizell, 2012). 

Canada.— Xstrata's Brunswick underground zinc-lead mine 
near Bathurst, New Brunswick, was the leading producer of 
lead in concentrate in Canada. The mine and mill had capacity 
to process 3.1 million metric tons per year of ore containing 
copper, lead, silver, and zinc. In 2012, the Brunswick Mine 
produced 52,000 t of lead in concentrate, down from 57,000 t 
in 2011. The Brunswick smelter produced 74,500 t of refined 
lead compared with 76,500 t in 2011 owing to lower lead 
content in feed ore. In 2010, Xstrata increased lead reserves at 
the Brunswick Mine to extend the mine life to 2013, beyond 
its previously anticipated closure in early 2010 (Xstrata plc, 
2013, p. 34). 

In 2012, refined lead production at Teck's metallurgical 
complex at Trail, British Columbia, was 87,900 t, a slight 
increase from that of 2011 owing to the KIVCET furnace 
operating at greater feed rates. Teck expected to produce 
87,000 t of refined lead at Trail in 2013. Teck recycled | 
12,000 t of electronic waste at Trail in 2012. Typical electronic 
waste consists of crushed glass from computer and television 
screens that contain 896 to 1096 lead and other components 
that contain aluminum, copper, and steel (Teck Resources Ltd., 
2013a, p. 47). 

China.— China continued to be the leading global producer 
and consumer of lead in 2012, and was also the leading 
producer of lead-acid batteries in the world. In 2012, increases 
in consumption and production of refined lead were modest | 
compared with more significant increases during the past sever? 
years. Between 1999 and 2012, China's consumption of p for 
the production of lead-acid batteries was attributed to growt i 
the production of automobiles, electric bicycles (e-bikes), an : 
motorcycles. The number of e-bikes in China increased to mor 
than an estimated 150 million in 2012. Each e-bike typically 
needed at least one lead-acid battery per year, containing 


. about 10 kilograms of lead, which translated to about 1.5 Mt 


of lead consumed for this use in 2012. According to 1.256, 
consumption of lead in China increased slightly to 4.63 i 
2012 from 4.59 Mt in 2011, compared with a 9% eer a 
2011 (American Metal Market, 2012c; International Lea 

inc Study Group, 2013b, p. 11). 
| Геад о production in 2012 was about e E 
а 17% increase from the 2.40 Mt produced in 2011 je no а 
Inner Mongolia, the leading lead-mining region, pro 
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787,000 t of lead in concentrate in 2012, ап increase of 17% 
from that of the previous year. 

The China Geological Survey announced that 4 Mt of lead 
and zinc resources were discovered in 2012. Total refined lead 
production in 2012 was 4.70 Mt, a slight increase from the 
4.60 Mt produced in 2011, owing to a 3% increase in primary 
refined lead production. Secondary refined lead production 
was unchanged. Secondary lead producers were affected by 
increased environmental scrutiny in 2012 that led to temporary 
shutdowns and decreases in production rates at some plants 
(Antaike Lead, Zinc, and Tin Monthly, 2013). 

In 2012, China's National and Provincial Governments 
continued to eliminate smaller lead smelters in an attempt 
to consolidate production and to shutter lead-acid battery 
manufacturers that violated environmental regulations or used 
old production technologies. In separate decisions announced 
in July and September 2012, the Ministry of Industry and 
Information Technology (MIIT) targeted a total of 50 lead 
smelters with about 1.17 Mt of outdated refined lead smelting 
capacity for closure by yearend 2012. Most of the smelters 
targeted for closure were relatively small and were operating 
below production capacity so the impact on total refined lead 
production was expected to be minimal. The 2012 closures 
followed similar actions in 2011 when MIIT closed 38 lead 
smelters with production capacity of about 661,000 t/yr of 
refined lead. (American Metal Market, 2012a, b; Antaike Lead, 
Zinc, and Tin Monthly, 2012; 2013). 

Межсо.— 2012, secondary lead production increased by 
40% (87,000 t) from that in 2011. Secondary lead production 
had increased annually since 2009, partially owing to new 
secondary production capacity that opened during that time 
period. JCI operated two large secondary smelters in Mexico 
that processed spent lead-acid batteries primarily from Mexico 
and the United States. Its secondary smelter (135,000-Uyr 
capacity) in Garcia, Nuevo Leon, commenced production in 
2011 and continued to ramp up. In 2011, JCI upgraded furnaces 
at its smelter in Cienega de Flores, Nuevo Leon (135,000-t/yr 
capacity). The upgrade was part of JCI’s strategy to increase 
lead recycling capacity in North America (CRU International 
Ltd., 2013, p. 173; Johnson Controls, Inc., 2012a). 


Outlook 


At its October 2013 meeting in Lisbon, Portugal, ILZSG 
forecast global increases in lead consumption and production in 
2013 and 2014. Global lead consumption in 2013 was expected 
to Increase by 5% to 11.0 Mt and by 4.6% in 2014 to 11.51 Mt, 
primarily owing to increased consumption in China for use in 
lead-acid batteries in automobiles, e-bikes, and standby power 
for telecommunications networks. Analysts have forecast 
that as many as 200 million e-bikes could be in use by 2015. 
Global lead mine production in 2013 was forecast to increase 
by 5.7% from that in 2012 to 5.55 Mt, and by 4.2% in 2014 to 
5.78 Mt owing to increased mine production in Australia and 
China. Global refined lead production was forecast to increase 
by 4.7% in 2013 to 11.02 Mt and by 4.2% to 11.48 Mt in 
2014 owing to refined lead production increases in Australia, 
Belgium, China, India, Italy, Kazakhstan, and Peru. Note that 
in some cases, ILZSG world production estimates differ from 
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USGS data. ILZSG forecast that global refined lead production 
would exceed consumption by about 22,000 t in 2013, but 
would be about 23,000 t less than consumption in 2014. 
According to ILZSG, 2014 would be the first year that global 
refined lead consumption exceeded production since 2009 
(International Lead and Zinc Study Group, 2013а). 
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TABLE ! 
SALIENT LEAD STATISTICS! 
mE ER ЕН НИНЕ НЫЕ 
2008 2009 2010 2011 2012 
Mg LE PE LERNEN __БНННКО__ E 
Production: 
Mine, recoverable lead content: 
Quantity metric tons 399,000 395,000 356,000 334,000 336,000 
Value thousands — $1,060,000 $757,000 $854,000 — $895,000 — $845,000 
Primary lead, refined content, domestic ores and base bullion metric tons 135,000 103,000 115,000 118,000 111,000 


Secondary lead, lead content 
Lead ore and concentrates do: 277,000 
Lead materials, excluding scrap 
tion, lead content: 
“Imports for consumption, lead соеп 
a in base bullion 46. 2.740 da £5; M РТТ 
^ Leadinbasebullion 00 ССОО 


do. 1,140,000 — 1,110,000 1,140,000 1,130,000 1,110,000 _ 
287,000 299,000 223,000 214,000 


до. 74,800 82,000 83,500 47,200 53,400 


| а | : 2 1, 0 0 2 [ 1,000 313,000 349,000 
Бег 3 | lead content: 
Stocks, Decem , 
Primat y lead do. W 


At consumers and secondary smelters do. 72,500 63,300 64,800 48,300" 72,100 


Consumption of metal, primary and secondary, lead content do. 1,440,000 1,290,000 1,430,000 — 1,410,000 * 1,360,000 
Poly mme I ee ep OT PUE 
Е American Producer average, delivered cents per pound 120.33 86.87 108.91 121.70 ] s 
London Metal Exchange, pure lead, cash average do. 94.79 77.95 97.42 108.92 93.5 
World: 
duction, gross weight: | | 
С metic tons 3,880,000 3,850,000" 4,150,000" 4,730,000 5,170,000 i 
Primary refinery do. 3,980,000 3,860,000 4,220,000" 4,690,000 278007 
Secondary refinery do. 4,550,000" 4,830,000" 5,110,000 ` 5,230,000 { m | 
Undifferentiated 196,000 164,000 202,000 208,000 185,0 


| 202000 _ 208,000 &— ә 
*Estimated. "Revised. do. Ditto. W Withheld to avoid disclosing company proprietary data. 


!Data are rounded to no more than three significant digits, except prices. 
"Lead recoverable after smelting and refining. Data in table 12 represent lead in concentrate. 
3Platts Metals Week. 
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ТАВГЕ 2 
LEAD-PRODUCING MINES IN THE UNITED STATES IN 2012, IN ORDER OF OUTPUT! 


Rank Mine County and State Operator Source of lead 
1 Red Dog Northem Region, AK Teck Alaska Inc. Zinc-lead ore. 
2 Fletcher Reynolds, MO Doe Run Resources Corp. Lead ore. 
3 Brushy Creek Reynolds, MO do. Do. 
4 Buick Iton, MO do. Do. 
5 Viburnum (#29 and #35) Washington and Iron, MO do. Do. 
6 Greens Creek Southeastern Region, AK Hecla Mining Co. Zinc-silver ore. 
7 Sweetwater Reynolds, MO Doe Run Resources Corp. Lead ore. 
8 Galena Shoshone, ID U.S. Silver & Gold Inc. Silver ore. 
Do., do. Ditto. 


‘Represents 100% of U.S. mine production in 2012. 


?For Alaska, mines are located by geographic region, as delineated by the Alaska Division of Geological & Geophysical 


Surveys in its Special Report 67, Alaska’s mineral industry 2011—Exploration activity. 


ЗОп August 13, 2012, U.S. Silver Corp. and RX Gold & Silver Inc. merged to create U.S. Silver & Gold Inc. 


TABLE 3 


LEAD RECOVERED FROM SCRAP PROCESSED IN THE UNITED STATES, 


BY KIND OF SCRAP AND FORM OF RECOVERY! 


(Metric tons, lead content, unless otherwise specified) 


2011 2012 

Kind of Scrap: 

| Newscrp: — — 

Lead-base 20,100 17,600 
Copper-base -- -- 
Tin-base 1,530 1,530 

. Total 21,600 19,200 

Old scrap: 

. Battery-lead 1,070,000 1,050,000 
All other lead-base 40,100 41,700 
Copper-base -- -- 

Тога! 1,110,000 1,090,000 
Grand total 1,130,000 1,110,000 
Form of recovery: Е 
As soft lead 966,000 ' 873,000 
In antimonial lead 167,000 236,000 
. In other lead alloys E: = 
In copper-base alloys -- -~ 
Total: 
Quantity 1,130,000 1,110,000 
Value? thousands $3,040,000 $2,790,000 


"Revised. -- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals showr 


"Value based on average quoted price of common lead. 
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ТАВГЕ 4 
U.S. CONSUMPTION OF LEAD, BY PRODUCT! 


(Metric tons, lead content) 


SIC" code Product 2011 2012 
Metal products: 
3482 Ammunition, shot and bullets 75,100 ' 73,900 
Bearing metals: С 
35 Machinery except electrical > оо о ооо W W 
31 Motor vehicles and equipment = = ооо ооо W W 
37 Other transportation equipment = о W W 
м] 1,150 1,090 
3351 Brass and bronze, billets and ingots — | 1,620 1,300 
36 — Cable covering, power and communication > sts=~=CSTS (3) (3) 
15 Calking lead, building construction (3) (3) 
Casting metals: 
36 Electrical machinery and equipment W W 
371 Motor vehicles and equipment W W 
37 Other transportation equipment W W 
3443 Nuclear radiation shielding W W 
Оо о тюш 16,0007 16700 
Pipes, traps, other extruded products: С“ 
15 Building construction 6,110 € 6,240 
3443 Storage tanks, process vessels, etc. (4) (4) 
Тоза o 6240 
Sheet lead: Xem TITIUS 
15 Buildingconstruction = = 1,680 ' 3,570 
3443 Storage tanks, process vessels, etc. W W 
3693 Medical radiation shielding W W 
Total _ 7470  — 7,390 
Solder: E 
15 Building construction W W 
_ Metal cans and shipping containers W W 
367 Electronic components, accessories and other electrical equipment 6,120 6,220 
311 Motor vehicles and equipment W W 
m Total — 6,70; 6280 
Storage batteries: = 
3691 Storage battery grids, post, etc. 417,000" 449.000 
3691 — Storage battery oxides 837,000" 745,000 
= Total storage batteries 1,250,000 " 1,190,000 
27 Type metal, printing and allied industries | m (3) (3) 
34 Other metal products? 23,1007 18,500 
Grand total 1,390,000 © 1,330,000 
Other oxides: —— i Е | 
285 Paint W W 
32 Glass and ceramics products W W 
28 Other pigments and chemicals | m W W 
E Total i 9.760 9,740 
Miscellaneous uses | 14,300 20,000 
Grandtotal —— КЮ © 1,410,000” 1,360,000 


! Data are rounded to no more than three significant digits; may not add to totals shown. 

Standard Industrial Classification. 

? Included with “Metal products: Other metal products" to avoid disclosing company proprietary data. 

^Included with *Metal products: Sheet lead: Building construction" to avoid disclosing company proprietary data. 


5Includes lead consumed in foil, collapsible tubes, annealing, galvanizing, plating, electrowinning, and fishing 
weights. 
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State 
California and Washington 


TABLE 5 
U.S. CONSUMPTION OF LEAD IN 2012, BY STATE"? 


(Metric tons, lead content) 


Refined 
soft lead 
25,200 


Illinois 

Iowa, Michigan, Missouri 

Ohio and Pennsylvania 

Arkansas and Texas 

Alabama, Georgia, Oklahoma 

Indiana, Kansas, Kentucky, Minnesota, 
Nebraska, Tennessee, Wisconsin 

Connecticut, Maryland, New Jersey, New York, 
North Carolina, South Carolina 

Other States 


О инат ПЦ 


23,900 
39,000 
101,000 
1,380 
13,800 


234,000 
2,290 


425,000 
865,000 


Lead in 


anitmonial 


lead 
1,030 
18,400 
98,700 
18,600 
20,900 


79,700 


65,700 
303,000 


W Withheld to avoid disclosing company proprietary data; included in “Other States." -- Zero. 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes lead that went directly from scrap to fabricated products. 


TABLE 6 


Lead in 
alloys 


2,120 


W 
34,600 


130,000 
186,000 


U.S. CONSUMPTION OF LEAD IN 2012, BY CLASS OF PRODUCT!” 


Product 
Metal products 
Storage batteries 


Miscellaneous? 


(Metric tons, lead content) 


Total 


Lead in 
Refined antimonial 
soft lead lead 
47,600 77,900 
788,000 225,000 
29,700 (4) 
865,000 303,000 


Lead in 

alloys 
W 
W 
W 

186,000 


Lead in 
copper- 
base scrap 

W 
W 
W 
558 


W Withheld to avoid disclosing company proprietary data; included in “Total.” 

"Data are rounded to no more than three significant digits; may not add to totals shown. 
Includes lead that went directly from scrap to fabricated products. 
*Includes other oxides and gasoline additives. 


*Withheld to avoid discosing proprietary data; included in "Storage batteries." 
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Lead in 
copper- 
base scrap 


Total 
131,000 


1,190,000 


29,800 


1,360,000 


Total 
28,300 
42,300 
39,000 

234,000 
20,000 
34,600 


333,000 
2,290 


621,000 
1,360,000 


TABLE 7 
STOCKS OF LEAD AT CONSUMERS AND SECONDARY SMELTERS 
IN THE UNITED STATES, DECEMBER 31"? 


(Metric tons, lead content) 


Lead in Lead in 
Refined antimonial Leadin соррег-Баѕе 
Year soft lead lead alloys scrap Total 
2011 29,100 ' 16,500 * W W 48,300" 
2012 45,800 23,400 W W 72,00 


"Revised. W Withheld to avoid disclosing company proprietary data; included 
in “Total.” | 


'Раја аге rounded to no more than three significant digits; may not add to 
totals shown. 


"Includes stocks at primary refineries. 


TABLE 8 
PRODUCTION AND SHIPMENTS OF LEAD PIGMENTS AND OXIDES IN THE UNITED STATES"? 


(Metric tons and dollars) 
CNN АНАЛИ КИИН ИККЕ NM 202 
Production Shipments? Production Shipments" 
Gross Lead Quantity Gross Lead Quantity 
Product weight content (lead content) Value” weight content (lead content) Value’ 
Litharee, re arge, red lead and white lead, dry -- -- 3,590 8,600,000 -- -- 3,600 8,720,000 
Teadyoxide улуус 827,000 786,000 МА МА 646,000 614,000 МА КА 
“тты 827000 786,000 NA NA 646,000 614,000 МА МА 


*Estimated. NA Not available. -- Zero. 

!Data are rounded to no more than three significant digits; may not add to totals shown. 
? excludes basic lead sulfate to avoid disclosing company proprietary data. 

? At plant, exclusive of container. 


TABLE 9 
U.S. IMPORTS FOR CONSUMPTION OF LEAD PIGMENTS AND COMPOUNDS, BY KIND! 


= 


Quantity 
(metric tons, Value 
Kind lead content) (thousands) 
oD SSS SS SS Oo Se 
DI сз л. м м мз ERR 
Chrome yellow, molybdenum orange pigments, lead-zinc chromates 2,320 $11,800 
ше EE АЕ Rr "MEI MNA III MC Е И ТЩ 
Litharge 1,360 5,160 
ay Бл ырш ы ыны шз шш ы К ышы шш ныне MERCI C Hc А D] 1L | DL 
Glass frits (undifferentiated) 22,800 45,600 
uc c NEM a 26,400 62,500 
E —————————————————————————— > у 
2012: | 
Chrome yellow, molybdenum orange pigments, lead-zinc chromates 1,540 9,420 
we LC C Е с титл 
Litharge 1,870 6,280 
_———— ———— ————————————————M—— 
Glass frits (undifferentiated) р 26,500 51,200 
Тога! 29,900 66,900 


"UE  —————————MÀ ÉL ниво 
! Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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ТАВТЕ 10 
U.S. EXPORTS OF LEAD, BY COUNTRY! 


LEAD—2012 


2011 2012 
Quantity Value Quantity Value 
Country (metric tons) (thousands) (metric tons) (thousands) 
Ore and concentrates, lead content: 
Belgium 14,700 $18,400 1,260 $1,090 
Canada 33,300 72,100 10,100 17,600 
China 129,000 222,000 188,000 312,000 
Japan 27,600 64,600 5,440 9,710 
Korea, Republic of 17,700 46,200 8,290 19,200 
Mexico 464 1,120 451 903 
Other 240 423 329 358 
Total 223,000 425,000 214,000 360,000 
Base bullion, lead content: 
China 1 9 = T 
Korea, Republic of 55 718 65 837 
Other 14 16 7 15 
Тога! 70 743 72 852 
Unwrought lead and lead alloys, lead content: 
Belgium 21,300 19,900 15,500 14,000 
Canada 2,830 3,420 2,200 2,380 
Chile 763 797 229 671 
China 34 108 122 165 
India 104 101 93 88 
Japan 904 1,840 1,470 898 
Korea, Republic of 641 999 431 540 
Malaysia 1 3 986 2,110 
Мехїсо 13,300 26,600 25,000 34,900 
Other 322' 357 ' 959 2,060 
Тога! 40,100 54,100 47,000 57,800 
Wrought lead and lead alloys, lead content: 

Canada 1,590 4,550 1,450 3,470 
Chile 288 514 523 625 
China 133 167 183 253 
Germany 398 557 158 391 
Haiti 196 182 -- -- 
India 1,600 2,400 1,150 1,640 
Mexico 915 1,030 1,080 1,210 
United Kingdom 192 397 157 366 
Venezuela 651 1,690 BY 26 
Other 1,070 2,040 1,590 2,460 
Total 7,030 13,500 6,300 10,400 

Scrap, gross weight: 
Canada 5,010 8,530 4,650 6,120 
Chile 325 118 | 5 
China 1,510 1,270 1,420 1,770 
Honduras 142 42 Es x 
~ India 8,420 9,610 7,260 9,600 
Japan 92 169 105 257 
Korea, Republic of 10,900 13,200 9,810 10,000 
Mexico 829 1,170 485 325 
Netherlands 2,620 1,220 = = 
Spain 224 336 90 147 
United Kingdom 94 161 59 100 
— Other 1,010 986 2,020 2,170 
Total 31,100 36,800 25,900 30,600 


"Revised. -- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S, Census Bureau. 
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TABLE 11 


U.S. IMPORTS FOR CONSUMPTION OF LEAD, BY COUNTRY’ 


аа шы —ъ® 2 шш шыш ш —= 


a ec = ^ — 
2011 2012 
Quantity Value Quantity 
Country (metric tons) (thousands) (metric tons) 
EC c 2 а а а 35 586 -- 
“Colombia - - 118 
B C НЕЕ ишла вина сан 199 1,350 695 
Spin ooo - ave 
Venezuela 200 506 =- 
Total 434 1,940 1,020 
Australia 504 1,230 24,300 
Belgium 3 60 2,010 
Canada 250,000 627,000 240,000 
China 32 24 5,000 
Colombia -- -- 1,010 
Ecuador 299 688 899 
France 629 1,940 637 
Guatemala 436 1,010 — 
India (2) 59 3,890 
Korea,Republic of -- -- 6,870 
Мех!со 56,000 53,700 56,100 
Могоссо 496 1,160 496 
Peru 121 346 1 
Russia 3,270 8,530 4,330 
South Africa 246 144 27 
United Kingdom 1,560 3,630 340 
Other 1" 10° 2,640 
Total 313,000 700,000 349,000 
Reclaimed scrap, including ash and residues, lead content: 
Canada 481 1,310 694 
Chile 153 272 -- 
Colombia 374 1,120 19 
Honduras 66 167 526 
Mexico 987 1,600 1,640 
United Kingdom 96 227 2 
Venezuela 207 618 -- 
Other 31' 58 ' 57 
Тога! 2,400 5,380 2,940 
Wrought lead, all forms, including wire and powders, gross weight: 
Argentina 219 589 141 
Canada 197 426 252 
Czech Republic 794 2.840 865 
Egypt 40 131 -- 
сеу ыо Ег 717 4,330 675 
ing 144 487 86 
ap 75 127 26 
United Kingdom 193 1,260 179 
Gne 73' 878 ' 44 
Ton: 2,450 11,100 2,270 


"Revised. -- Zero. 


| | Бо 
Data are rounded to no more than three significant digits; may not add to totals shown 


2Less than % unit. 


Source: U.S. Census Bureau. 
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Value 


(thousands) 


$224 
3,540 
141 


3,900 


47,600 
3,930 
521,000 
10,200 
2,060 
1,740 
1,690 
8,080 
13,400 
72,500 
1,160 

9 

8,600 
128 

696 
5,810 
699,000 


1,150 
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Country’ 
Argentina 
Australia 
Bolivia 
Bosnia and Herzegovina" 
Brazil 
Bulgaria" 
Burma* 
Canada 
Chile 
China* 
Georgia" 
Greece" 
Guatemala 
Honduras 
India 
Рап“ 5 
Ireland* 
кају“ 
Kazakhstan 
Korea, North* 
Korea, Republic of 


Macedonia‘ 
Mexico 
Morocco 


Namibia 
Peru 
Poland 
Russia” 
Serbia? 
South Africa 
Sweden‘ 
Tajikistan" 
Turkey* 
United Kingdom" 
United States 
Uzbekistan 
Vietnam" 
Total 


TABLE 12 
LEAD: WORLD MINE PRODUCTION OF LEAD IN CONCENTRATE, BY COUNTRY? 


(Metric tons, lead content) 


2008 
20,788 
645,000 
81,602 
3,300 
25,286 
15,000 
1,000 ' 
99,810 ' 
3,985 
1,500,000 
400 
16,000 
53 
12,545 
87,300 
26,905 4 
50,200 
800 
38,800 ' 
13,000 
449 
35,000 
100,725 
33,477 ' 
14,062 
345,109 
87,700 
60,000 
1,600 
46,440 
60,000 ^ 
800 
25,000 
500 
410,000 
14,200 ^ 
3,880,000 


*Estimated. PPreliminary. ‘Revised. -- Zero. 
! World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not 


add to totals shown. 


?Includes data available through August 30, 2013. 


?In addition to the countries listed, lead is also produced in Nigeria, but information is inadequate to 


formulate reliable estimates of output levels. 


‘Reported figure. 


*Year beginning March 21 of that stated. 
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2009 
24,753 
566,000 
84,538 
2,100 
15,890 
12,000 
5,000 " 
68,839 ' 
1,511 
1,600,000 
400 
16,000 
14,471 
92,000 
20,000 
43,000 
800 
39,400 
13,000 
2,064 
38,000 
143,838 
27,000 ' 
10,129 
302,459 
80,400 
70,000 
1,800 
49,149 
69,000 
800 
26,000 
500 
406,000 


7,700 * 
3,850,000 * 


2010 
22,554 ' 
625,000 
72,803 
3,200 
19,650 
12,000 
7,000 
64,845 ' 
695 
1,850,000 
400 
18,000 


16,944 ' 
97,000 
35,000 
39,100 * 
800 
36,100 
13,000 
1,168 
38,000 ' 
192,062 
32,461 ' 
10,140 
261,990 
60,200 ' 
97,000 
2,000 
50,625 " 
68,000 
800 
23,000 ' 
500 
369,000 


7,400 
4,150,000 ' 


2011 
26,074 " 
621,000 
100,051 
3,700 ' 
15,100 * 
12,000 
8,700 ' 
59,797 ' 
841 
2,400,000 ' 
400 
18,000 
16,954 ' 
115,000 
35,000 
50,700 ' 
800 
34,600 
13,000 ' 
2,577 ' 
36,000 ' 
223,717 ' 
30,675 ' 
8,000 ' 
230,199 ' 


56,000 ^* 
94,500 ^^ 


1,800 
54,460 ' 
62,000 

800 ' 

39,000 ' 
500 
342,000 
6,000 
7,400 

4,730,000 * 


2012* 
25,000 
648,000 * 
100,000 

3,700 


16,500 P4 


12,000 
8,800 ^ 


59,429 P.* 


1,000 
2,800,000 
400 
20,000 
15,000 
118,000 4 
35,000 
51,000 
800 
38,500 ^ 
13,000 
2,500 
36,000 
210,382 * 
30,000 
8,000 
248,659 ^ 
57,600 
95,000 
1,800 
55,000 
62,000 
800 
40,000 
500 
345,000 “ 
6,000 
7,400 
5,170,000 
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TABLE 13 
1,2 
LEAD: WORLD REFINERY PRODUCTION, BY COUNTRY 


nr 


(Metric tons) 
2012° 

i e 5,000 5,000 11,000 9,000 10,000 
Algeria, secondary ______- ; 

tina: 
o MM NER 13,482 12,558 14,245 11,859 ' 14,000 
талла 59.000 70.000 * 63,000 72,100 * 67,000 

a Los ani ANM. m A LLL ее О о 

A CM SM 72,482 82,600 ^* 71,245 84,559 € 81,000 
NL EE 
Australia: , 
lae m 221,000 204,000 178,000 187,000 oe 
ве a 27,000 25,000 26,000 26,000 mi 
__Бесопдау __________- 

Total 248,000 229,000 204,000 00 | Гл 
IUE ECCO О a e aS > , 
Austria, secondary 26,902 22,197 25,499 re 
не засаа 109.000 4 109,000 4 121,000 121,000 ; 
Belgium second 473 418 310 269 300 
Bolivia | " 
pre cr DENEN 138,537 139,500 
Brazil, secondary 95,704 104,160 114,887 

Јрапа:“ 
cmm 77,000 ' 72,000 ' 65,000 ' 55,300 i он 
Secondary 14,000 11,000 ' 17,000 ' 17,000 | 16, 
Total 91,000 ' 83,000 82,000 ' 72,300 66,000 
e EOS AME m 
Burma, primary 202 200 
Хаа 105.526 101.484 105,836 112,531 133,495 ^ 
_Primary __________----- j ' та 737 ' 144,570 > 4 
Secondary 153,568 ' 157,370 167,101 169, | B 

Total 259,094 ' 258,854 272,937 ' 282,268 278,065 
С Total — 1 Ш 259094 298999 А  ———— 
China 

Primary 2,350,000 2,480,000 2,840,000 3,200,000 ' 3,300,000 

Secondary 850,000 1,230,000 1,360,000 1,400,000 ' 1,400,000 

Total 3,200,000 3,710,000 4,200,000 4,600,000 * ee 
r 

Czech Republic, зесопдагу“ 36,000 29,000 30,000 ERE үзө 
Estonia, secondary 10,000 : 10,000 10,000 m o 
France, secondary” 88,000 88,000 88,000 88, , 
Germany? 

Primary 113,200 4 104,900 4 125,000 136,000 ' 140,000 

Secondary | 3019005 _ 285700% 279,000" _ 293,000 290,009 

Тога! 415,100 4 390,600 ^ 404,000 ' 429,000 ' со 
Greece, secondary” 5,000 4,000 4,000 4,000 3, 

India: 

Primary 62,000 61,700 ' 75,000 120,000 ee 
Secondary __ 1 = __ 232000 — 275000  — 305000 _ 230600 à à à131000 . 
Total 294,000 336,700 ' 380,000 426,000 432,000 
Indonesia, secondary 18,500 18,000 18,000 17,000 17,000 

Iran: 

Primary 20,000 20,000 20,000 20,000 20,000 
Secondary —  — 55,000 55.000 55.000 55,000 55,000 
— Toal — 0 0 0. 75,000 75,000 75,000 75,000 75,000 
Ireland, secondary" 22,500 19,000 20,000 20,000 20,000 
Israel, secondary о 27,000 26,000 27,000 27,000 * 27,000 
Italy: 

Primary 47,800 ^ 15,000 15,000 15,000 15,000 

Secondary 164,000 4 134,000 134,000 134000 — 13400 — 
See footnotes at end of table. 
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TABLE 13—Continued 
LEAD: WORLD REFINERY PRODUCTION, BY COUNTRY 


(Metric tons) 
Country 2008 2009 2010 2011 2012* 
Japan: 
Primary 107,005 96,794 ' 101,610 100,078 102,000 
E Secondary 172,454 150,871 165,613 148,524 150,000 
Тога! 279,459 247,665 ' 267,223 248,602 252,000 
Kazakhstan, primary and secondary 105,766 80,994 103,110 111,249 87,854 4 
Kenya, secondary 1,000 500 250 250 250 
Korea, North, primary and secondary“ 9,000 9,000 9,000 9,000 9,000 
Korea, Republic of: 
Primary 244,137 216,918 197,900 256,851" 250,000 
Зесопдагу NA‘ МА! NA" NA' NÀ 
Total 244,137 ' 216,918! 197,900 * 256,851 ' 250,000 
Malaysia, secondary^ 3 73,000 70,000 71,000 70,000 70,000 
Mexico: 
Primary? 89,838 100,361 110,980 101,729 ' 102,000 
Secondary 154,000 " 154,000 * 175,000 " 216,000 ' 303,000 
Тога!“ 244,000 ' 254,000 ' 236,000 ' 318,000 ' 405,000 
Morocco: u 
Primary 45,000 45,000 45,000 45,000 45,000 
Secondary 3,000 3,000 2,500 2,500 2,500 
Total 48,000 48,000 47,500 47,500 47,500 
Netherlands, secondary 17,000 17,000 17,000 17,000 17,000 
New Zealand, secondary* 9,000 13,000 9,000 9,000 9,000 
Nigeria, secondary МА ' NA‘ NA‘ NA' NA 
Pakistan, secondary 3,000 85 "4 2,889 "4 2,900 2,900 
Peru, primary’ 114,259 26,599 -- -- = 
Philippines, зесопдагу“ 34,000 32,000 ' 30,000 € 34,000 ' 34,000 
Poland: 
. Primary 38,000 30,000 29,000 ' 30,000 " 30,000 
Secondary 70,200 70,400 70,400 ' 70,000 * 70,000 
Total 108,000 ' 100,000 ' 99,400 ' 100,000 ' 100,000 
Portugal, secondary 3,000 3,000 3,000 3,000 3,000 
Romania: 
Primary 34,000 9,000 8,000 8,000 8,000 
Secondary 5,000 5,000 3,000 3,000 3,000 
___ Total 39,000 14,000 11,000 11,000 11,000 
Russia, primary and secondary 80,000 73,000 89,000 86,700 г 87,000 
Saudi Arabia, secondary NA‘ МА: МА ' NA’ NA 
Serbia, primary and secondary 929 4 1,000 1,000 1,000 1,000 
Slovenia, secondary” 15,000 14,000 14,000 14,000 12,000 
South Africa, secondary 62,000 58,000 51,000 ' 56,000 * 56,000 
Spain, зесопдагу“ 125,000 * 125,000 * 165,000 172,000 125,000 
Sweden? 
Primary 26,000 26,000 26,000 26,000 26,000 
Secondary : 40,000 40,000 35,000 35,000 35,000 
Total 66,000 66,000 61,000 61,000 61,000 
Switzerland, secondary? 8,000 8,000 -- - 55 
Taiwan, зесопдагу“ 55,000 40,000 35,000 35,000 35,000 
Thailand, secondary 73,303 55,504 55,000 55,000 ^* 55,000 
Turkey, secondary NA' NA‘ МА ' NA' NA 
Ukraine, secondary” _ 2 7,000 7,000 7,000 7,000 7,000 
United Arab Emirates, secondary 2,000 2,000 2,000 2,000 2,000 


See footnotes at end of table. 
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TABLE 13—Continued 
LEAD: WORLD REFINERY PRODUCTION, BY COUNTRY? 


(Metric tons) 

Country? 2008 2009 2010 2011 2012" 

United Kingdom: 
Primary 139,000 135,000 150,000 150,000 * 150,000 
Зесопдагу 144,000 144,000 144,000 144,000 * 144,000 
Total 283,000 279,000 294,000 294,000 * 294,000 

United States: 

Primary 135,000 103,000 115,000 118,000 111,000 
Secondary 1,140,000 1,110,000 1,140,000 1,130,000 1,110,000 
Total 1,280,000 1,210,000 1,280,000 1,250,000 1,220,000 
Venezuela, secondary 30,000 30,000 30,000 30,000 30,000 
Zambia, secondary МА“ NA‘ МА‘ МА‘ МА 
Grand total: 8,730,000 ' 8,860,000 ' 9,530,000 ' 10,100,000 * 10,200,000 
Primary 3,980,000 3,860,000 4,220,000 ' 4,690,000 4,780,000 
| Secnday __(њ_(_6_ш6___ 4,550,000 " 4,830,000 ' 5,110,000 ' 5,230,000 ' 5,210,000 
Undifferentiated 196,000 164,000 202,000 208,000 * 185,000 


Estimated. ’Preliminary. "Revised. NA Not available. -- Zero. 
! World totals, U.S. data, and estimated data are rounded to more than three significant digits; may not add to totals shown. 
?[ncludes data available through August 30, 2013. Data included represent the total output of refined lead by each country, whether derived 


from ores and concentrates (primary) or scrap (secondary), and include the lead content of antimonial lead but exclude, to the extent possible, 
simple remelting of scrap. 


?In addition to the countries listed, Colombia, Egypt, El Salvador, Iraq, and Trinidad and Tobago produced secondary lead, but output is not 


officially reported; available general information is inadequate for the formation of reliable estimates of output levels. 


‘Reported figure. 


5Metal Reclamation Industries’ secondary lead smelter is receiving some primary mine concentrates from the Magellan Mine (Australia). The 


ore minerals are lead oxides and can be smelted at a secondary smelter. 


‘Includes lead content in antimonial lead. 


"In 2012, about 312 metric tons of leaching lead were produced. La Oroya smelter and refinery will be re-opened in 2013. 
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LIME 
By M. Michael Miller 


Domestic survey data and tables were prepared by Martha L. Jackson, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


The U.S. lime industry is characterized by high barriers to 
entry, which include an industry dominated by a few large-scale 
producers with nationwide supply and distribution networks, 

a scarcity of high-quality limestone deposits on which the 
required zoning and mining permits can be obtained, the need 
for lime plants and facilities to be located close to markets 

with access to suitable transportation networks to allow for 
cost-effective production and distribution, environmental 
regulations making it more difficult to obtain permitting for new 
lime kilns, and the high capital cost of the plants and facilities. 
As an example, there has been only one new U.S. lime plant 
(Verona, KY) constructed in the past 20 years by a company 
from outside the lime industry, and it was acquired by one of the 
leading lime companies during its first year of operation. 

In 2012, the U.S. lime industry (including that in Puerto Rico) 
comprised 31 companies, included 20 companies that “sold” 
lime products and 1] companies that produced lime that was 
“used” for internal company purposes. Owing to its reactivity 
and short shelf life, lime is not stockpiled in large amounts 
and data on stocks were not collected. On an annual basis, the 
amount of lime “sold and used” (synonymous with production) 
and consumed are considered to be equal. Lime is a basic 
chemical produced as quicklime in 29 States and Puerto Rico. 
In 2012, lime production in the United States was 18.8 million 
metric tons (Mt), a decrease of 283,000 metric tons (t) from that 
of 2011. The value of U.S. lime production was $2.23 billion 
(table 1). Lime sold and used decreased in all major market 
sectors; in descending order, the decreases (based on unrounded 
data) were environmental (141,000 t), metallurgical (88,000 t), 
chemical and industrial (53,000 t), refractories (9,000 t), and 
construction (4,000 t). Despite the slight decrease in production 
and sales, lime prices on average increased by $7 per metric ton. 

The term lime as used throughout this report refers primarily 
to six chemicals produced by the calcination of high-purity 
limestone or dolomite followed by hydration where necessary. 
There are two high-calcium forms of lime—high-calcium 
quicklime (calcium oxide, CaO) and high-calcium hydrated lime 
[calcium hydroxide, Ca(OH),]. There are four dolomitic forms— 
dolomitic quicklime (CaO-MgO), dolomitic hydrate type N 
(Ca(OH),"MgO], dolomitic hydrate type S [Ca(OH),-Mg(OH),], 
and refractory dead-burned dolomite (CaO-MgO). The terms 
"type №” and “уре S" refer to “Normal hydrated lime" and 
"Special hydrated lime" that are differentiated primarily by the 
compounds’ plasticity (ability to retain water) and oxide content. 
There are also air-entrained versions of these hydrates designated 
as "type NA" and "type SA." 

At present, all commercially produced lime in the 
United States is manufactured from limestone or dolomite, 
but lime also can be produced from a variety of calcareous 
materials, such as aragonite, chalk, coral, marble, and shell. It 
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also is regenerated (produced as a byproduct) by paper mills, 
carbide plants, and water-treatment plants. Regenerated lime, 
however, is beyond the scope of this report. 


Legislation and Government Programs 


Beginning in 2010, the U.S. Environmental Protection Agency 
(EPA) required large emitters of greenhouse gases (GHG), 
including lime plants, to collect and report GHG emissions data. 
In 2010, the EPA issued a final rule “tailoring” its New Source 
Review (NSR) permitting and Federal Operating Permit (FOP) 
programs to apply to facilities with certain thresholds of GHG 
emissions. The first phase of the “tailoring rule," known as 
Step 1, required existing facilities subject to Federal NSR for 
pollutants other than GHG to include GHG in their permits if 
GHG emissions will increase by 75,000 short tons per year 
or more beginning January 2, 2011. In July 2011, Step 2 of the 
tailoring rule extended NSRs and FOPs to new sources that emit 
or have the potential to emit at least 100,000 short tons per year 
carbon dioxide equivalent (CO,-eq) or existing sources that 
emit at that level and that undertake modifications that increase 
emissions by at least 75,000 short tons per year CO,-eq. In 2012, 
the EPA issued its final regulation for Step 3 of the tailoring rule, 
whereby it decided to retain the Step 2 applicability thresholds 
(U.S. Environmental Protection Agency, 2012, p. 1—5). Thus, 
any new facilities or major modifications to existing facilities 
that exceed the federal NSR emission thresholds will be 
required to use “best available control technology” and energy 
efficiency measures to minimize greenhouse gas emissions. 

The implementation of the tailoring rule to NSR permitting 
could result in increased time and costs of plant upgrades and 
expansions by the lime industry. 


Production 


Domestic production data for lime were derived by the 
U.S. Geological Survey (USGS) from a voluntary survey of 
U.S. operations. The survey was sent to primary producers of 
quicklime and hydrate, but in order to avoid double counting, it 
was not sent to independent hydrators that purchase quicklime 
for hydration. Quantity data were collected for 28 specific and 
general end uses, and value data were collected by type of lime, 
such as high-calcium or dolomitic. In 2012, of the 90 operations 
that were canvassed, data were received for 86 operations 
including 6 that were idle during the year. Data received 
represented 97% of the total lime sold or used by producers 
listed in tables 1—5. Production data for the nonrespondents 
were estimated based on prior-year production data and 
other information. 

During 2012, quicklime was produced at 76 lime plants, and 
included 31 plants with collocated hydrating plants. Hydrated 
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lime also was produced at 14 standalone hydrating facilities, 
including 3 plants where the kilns had been shut down and 
hydrate was manufactured from quicklime produced offsite. 
These numbers do not necessarily agree with the number of plants 
reported in table 1 because, for data collection purposes, some 
company operations have been combined at the respondent's 
request. In a few States with no quicklime production, hydrating 
plants used quicklime shipped in from other States. There 

were also a substantial number of slurry plants where lime was 
converted to liquid form by the addition of water prior to sale; this 
product is sometimes called milk-of-lime. In addition to stationary 
slurry plants, there were mobile hot lime slurry production 
systems designed to slake quicklime or slurry hydrated lime to the 
percent solids required for each job. 

Data on lime sold or used in the United States formerly were 
shown in table 2 by State (with some regional groupings of 
States). However, owing to industry consolidation and the need 
to protect company proprietary data, data on lime sold or used 
in the United States are now shown in table 2 by U.S. Census 
Bureau region. In 2012, States with production exceeding 2 Mt 
were, in descending order, Missouri, Alabama, and Kentucky; 
States with production between 1 and 2 Mt were, in descending 
order, Ohio, Texas, Nevada, and Pennsylvania. 

Total lime sold or used by domestic producers in 2012 
was 18.8 Mt (table 1), a slight decrease compared with that 
of 2011. Production included the commercia! sale or captive 
consumption (described by the term "used") of quicklime, 
hydrated lime, and dead-burned refractory dolomite. Data were 
incomplete on the production of hydrated lime because some 
producers do not report data on downstream hydrating plants. 
Traditionally, most U.S. lime production sold and used is in 
the form of high-calcium quicklime. In 2012, production of 
high-calcium quicklime decreased slightly to 13.6 Mt while 
dolomitic quicklime production increased slightly to 2.71 Mt. 
The production of high-calcium hydrate was essentially | 
unchanged. Production of dolomitic hydrate increased by 396, 
but production still has not recovered to levels seen prior to the 
2008—09 recession. Commercial sales of quicklime and hydrate 
decreased to 17.5 Mt, and captive consumption decreased 


° аза the top 10 companies were, in descending order 
of U.S. lime production, Carmeuse Lime and Stone, Lhoist 
North America, Graymont Ltd., Mississippi Lime Co., United 
States Lime & Minerals, Inc., Martin Marietta Magnesia 
Specialties LLC, Unimin Corp. (doing business as Southern 
Lime Co.), Cheney Lime & Cement Co., ArcelorMittal USA 
Inc., and Greer Lime Co. These companies reported production 
from 41 lime plants and 12 separate hydrating plants and 
accounted for nearly 93% of the combined commercial lime 
sales and nearly 89% of total lime production. | 

Graymont Ltd. acquired Western Lime Corp. and its three 
lime plants—Eden, WI; Green Bay, WI; and Port Inland, М 
increasing Graymont's presence їп the Midwest (Graymont Ltd., 

12c). The newly acquired plants were added to the Graymont 
ens U.S. Inc. division, which includes plants in Montana, 
Nevada, Oregon, Utah, and Washington. Graymont’s other U.S. 
lime plants include Graymont Dolime (OH) Inc., Graymont | 
(PA) Inc., and Graymont (WI) LLC. In related news, Graymon 
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announced that it was conducting an exploration program in 
Michigan's Upper Peninsula (same general area as the company's | 
Port Inland plant) to identify suitable new limestone resources. 

The exploration program was being conducted in the eastern | 
part of the Upper Peninsula southeast of Newberry, MI. The | 
project site would cover an area of about 2,020 hectares (ha) | 
(5,000 acres), but the active quarry and buffer areas would only | 
cover about 324 ha (800 acres) at any point in time (Graymont 

Ltd., 2012a). Graymont also began its project to expand lime | 
production capacity at its Pleasant Gap, PA, lime plant. Pending | 
approval of its application to the Pennsylvania Department | 
of Environmental Protection, the company intends to install a 
vertical shaft parallel flow regenerative lime kiln. The project 
would include installation of the natural-gas-fired kiln rated at 600 
metric tons per day (t/d) with 2 diesel-fired emergency generators, 
and improvements to limestone and lime storage, handling, and 
loading operations. Addition of the new kiln would increase the 
plant's capacity by 25% (Graymont Ltd., 2012b; Pennsylvania 
Department of Environmental Protection, 2012). 

Martin Marietta Magnesia Specialties LLC completed an 
expansion project at its Woodville, OH, lime plant, which 
included installation of a coal-fired preheater rotary kiln 
with a complete dust collection and air handling system, and 
construction of additional product storage and load-out capacity. 
The new kiln has the capacity to produce 816 t/d and is the sixth 
kiln at the facility, which produces dolomitic quicklime that is 
mainly sold for use in steelmaking and as feedstock to produce 
magnesia (Martin Marietta Magnesia Specialties LLC, 2012). 

Lhoist North America installed a hydrator at its lime plant 
at Ste. Genevieve, MO. The new equipment included lime 
hydration equipment and associated conveying, milling, 
screening, storage, and load-out equipment. The new hydrator 
will produce Lhoist's specialty hydrate product, Sorbacal SP, 
which is used in dry-process flue gas treatment systems. The 
new hydrator was expected to start operating in the spring of 
2013 (МсПуаше Company, The, 2013). 

Carmeuse Lime & Stone announced plans to install two 
gas-fired vertical shaft kilns at its Clear Brook plant near 
Winchester, VA, pending approval of its air permit by the 
Virginia Department of Environmental Quality. The kilns each 
will have a capacity to produce 400 t/d and combined will | 
double the plant's previous operating capacity. The company 5 
Clear Brook quarry has sufficient reserves for 40 to 50 years 
after Frederick County rezoned about 37 ha (92 acres) from 
rural to extractive manufacturing (Voth, 2012). 

A number of plants that shut down during the 2008-09 
recession remained idle for all or the majority of 2012. These 
included five Lhoist North America plants (Alabaster, AL, 

i ille, UT, and the hydrating 
Douglas, AZ, Tenmile, ID, Grantsville, Y $, an 
plant at Belen, NM) and two Carmeuse Lime & px on cs 
(South Chicago, IL, and Clear Brook, VA). Some © s сый 
are quite old and may never reopen, at least in their cu 


Consumption 


j | , but 
The USGS does not collect lime value data by ки uo А 
in prior years estimated value data were displaye = ое 
and 4. These estimated values were based, in mos Я 
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average value per ton of all types of lime. Tables 3 and 4 now 
only display quantities of lime sold and used for various uses. 

In 2012, U.S. lime consumption decreased slightly in all 
major market sectors. The breakdown of lime consumption 
by general end-use sectors was unchanged from 2011 at: 3896 
for metallurgical uses, 3196 for environmental uses, 22% for 
chemical and industrial uses, 8% for construction uses, and 1% 
for refractory dolomite (table 3). These end-use data were based 
on lime sold and used by domestic producers and do not include 
lime imports. 

U.S. commercial sales accounted for 9296 of total lime 
consumption and 93% of domestic production. Captive lime 
accounted for the remainder of consumption and was used in the 
production of steel in basic oxygen furnaces (BOF), magnesia 
production, precipitated calcium carbonate production, sugar 
refining, and refractories (dead-burned dolomite). Almost all 
end-use data on captive lime consumption are withheld to avoid 
disclosing company proprietary information. As a result, table 3 
only lists the total quantity (commercial plus captive) by end 
use. End uses with captive consumption are listed in footnote 5 
of the table. 

In steel refining, quicklime is used as a flux to remove 
impurities, such as phosphorus, silica, and sulfur. The steel 
industry accounted for about 30% of lime sold and used by 
domestic lime producers. The U.S. steel industry's recovery 
from the effects of the 2008—09 recession slowed in 2012 with 
raw steel production increasing by less than 396 to 88.6 Mt 
(World Steel Association, undated). Lime consumption for 
steelmaking in 2012, however, actually decreased slightly (by 
less than 296) in comparison with that of 2011. 

In nonferrous metallurgy, lime is used in the beneficiation of 
copper ores to neutralize the acidic effects of pyrite and other 
iron sulfides and to maintain the proper pH in the flotation 
process. Lime is used to process alumina and magnesia, 
to extract uranium from gold slimes, to recover nickel by 
precipitation, and to control the pH of the sodium cyanide 
solution used to leach gold and silver from the ore. 

Gold and silver are recovered using heap leaching and by 
conventional milling and subsequent leaching of the slurry. The 
sodium cyanide solution dissolves gold from the ore and forms a 
stable gold-cyanide complex, and the gold can then be separated 
through the use of highly activated carbon. Heap leaching 
involves crushing the ore, mixing it with lime for pH control 
and agglomeration, and stacking the ore in heaps on specially 
prepared pads for treatment with cyanide solution. Lime is used 
to maintain the pH of the cyanide solution at a level between 
I0 and 11 to maximize the recovery of precious metals and to 
prevent the creation of hydrogen cyanide. 

Lime consumption data for these various nonferrous 
metallurgy uses (aluminum and bauxite processing, 
concentration of copper and gold ores, and unspecified 
nonferrous uses) are combined to avoid disclosing company 
Proprietary data and are reported in table 3 under metallurgical, 
nonferrous metallurgy. In 2012, lime consumption in nonferrous 
metallurgy increased slightly to 1.35 Mt, nearly reaching its 
peak of 1.37 Mt reached in 2007 and 2008. Although specific 
data are not collected on lime consumption for copper recovery 
or for gold recovery, they make up a large part of the nonferrous 
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metallurgy market. In 2012, as a result of mine production 
increases in Arizona, Nevada, and New Mexico, production 
of copper flotation concentrates increased by more than 4% 
compared with that of 2011 (Edelstein, 2013). U.S. gold 
production, however, decreased by 396 compared with that of 
2011 (George, 2013). 

Lime is used in numerous processes designed to treat 
mining-related pollutants in active or abandoned mines. These 
processes include the treatment of acid-mine drainage from 
operating and abandoned mines, specialized treatment processes 
such as catalyzed cementation of arsenic and other heavy 
metals, and the treatment of mine tailings that result from the 
recovery of precious metals to recover cyanides. 

Lime is used, generally in conjunction with soda ash, for 
softening municipal and plant process water. This precipitation 
process removes bivalent soluble calcium and magnesium 
cations (and to a lesser extent, ferrous iron, manganese, 
strontium, and zinc) that contribute to the hardness of water. 
This process also reduces carbonate alkalinity and total 
dissolved solids. Lime consumption for drinking water treatment 
was essentially unchanged compared with that of 2011. 

In sewage treatment, the traditional role of lime is to 
control pH in the sludge digester, where it removes dissolved 
and suspended solids that contain phosphates and nitrogen 
compounds. Lime also aids in clarification and in destroying 
harmful bacteria. The leading modern use in sewage treatment 
Is to stabilize the resulting sewage sludge. Sewage sludge 
stabilization, also called biosolids stabilization, reduces odors, 
pathogens, and putrescibility of the solids. Lime stabilization 
involves mixing quicklime with the sludge to raise the 
temperature and pH of the sludge to minimum levels for a 
specified period of time. In 2012, lime consumption for all 
sludge treatment increased by nearly 1096 compared with that 
of 2011. All of the consumption increase was in the treatment of 
industrial wastes as treatment of sewage sludge was unchanged. 

In flue gas desulfurization (FGD) systems serving 
coal-fired powerplants, incinerators (most are waste-to-energy 
powerplants), and industrial plants, lime is injected into the flue 
gas to remove gaseous pollutants, particularly sulfur dioxide 
(SO,) and hydrochloric acid (НСІ). Many FGD systems at utility 
powerplants are now designed to produce byproduct gypsum 
from the captured SO,. This byproduct material is suitable 
for use in manufacturing gypsum wallboard, as an additive 
in portland cement, and as a soil amendment in agriculture. 
Hydrated lime may be used in another FGD-related market—to 
control sulfur trioxide (SO,) emissions from selective catalytic 
reduction (SCR) systems installed at powerplants to control 
emissions of nitrogen oxides (NO_). Utility powerplants were 
by far the largest consumers of lime for FGD and accounted 
for 91% of the total FGD lime market in 2012. Incinerators, 
industrial boilers, and other FGD uses accounted for the 
remaining 9%. In 2012, lime consumption in all FGD markets 
decreased by about 4% compared with that of 2011. The 
utility powerplants sector decreased by 168,000 t, while the 
incinerators and industrial boilers increased 10,000 t and 
18,000 t, respectively. The use of hydrated lime in FGD 
treatment in 2012 increased to 265,000 t, a 12% increase 
compared with the revised figure for 2011. Much of this increase 
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is attributed to the treatment of SO, emissions from SCR 
Systems at utility powerplants. 

Lime is used by the pulp and paper industry in the basic 
Kraft pulping process where wood chips and an aqueous 
solution (called liquor) of sodium hydroxide and sodium 
sulfide are heated in a digester. The cooked wood chips (pulp) 
are discharged under pressure along with the spent liquor. The 
pulp is screened, washed, and sent directly either to the paper 
machine or to the bleaching plant. Lime is sometimes used to 
produce calcium hypochlorite bleach for bleaching the paper 
pulp. The spent liquor is processed through a recovery furnace, 
where dissolved organics are burned to recover waste heat, 
sodium sulfide, and sodium carbonate. The recovered sodium 
sulfide and sodium carbonate are diluted with water and then 
treated with slaked lime to recausticize the sodium carbonate 
into sodium hydroxide (caustic soda) for reuse. The byproduct 
calcium carbonate is recalcined in a lime kiln to recover lime 
for reuse. The paper industry also uses lime as a coagulant aid 
in the clarification of plant process water. In 2012, consumption 
for pulp and paper production decreased by about 3% compared 
with that of 2011. 

Lime is used to make precipitated calcium carbonate (PCC), 
a specialty filler used in premium-quality coated and uncoated 
papers, paint, and plastics. The most common PCC production 
process used in the United States is the carbonation process. 
Carbon dioxide is bubbled through milk-of-lime to form 
a precipitate of calcium carbonate and water. The reaction 
conditions determine the size and shape of the resulting PCC 
crystals. Lime used for PCC production decreased by 576 
compared with that of 2011. | 

The chemical industry uses lime in the manufacture of alkalis. 
Quicklime is combined with coke to produce calcium carbide, 
which is used to make acetylene and calcium cyanide. Lime is 
used to make calcium hypochlorite, citric acid, petrochemicals, 

3emicals. 

р е milk-of-lime is used to raise the pH of 
the product stream, precipitating colloidal impurities. The 
lime itself is then removed by reaction with CO, to precipitate 

ium carbonate. 
gin diss hydrated lime is used in hot mix asphalt to 
act as an antistripping agent. Stripping is generally defined as a 
loss of adhesion between the aggregate surface and the asphalt 
cement binder in the presence of moisture. Lime also is used 
in cold, in-place recycling for the rehabilitation of distressed 
asphalt pavements. Existing asphalt pavement is ds 
using a milling machine, and a hot lime slurry is added along 
with asphalt emulsion. The cold recycled mix Is placed and 
compacted by conventional paving equipment, which Apes 
a smooth base course for the new asphalt ше; In 2012, sales 
of lime for use in asphalt decreased by about 1196 compared 
us d quicklime also are used to stabilize fine- 
Tos soils in place of materials that are employed as subbases, 
such as hydraulic clay fills or otherwise poor-quality clay and silty 
materials obtained from cuts or borrow pits. Lime also is pd 
in base stabilization, which includes upgrading the strength an | 

sistency properties of aggregates that may be judged unusable 
Sosa nal without stabilization. Common applications for 
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lime stabilization included the construction of airfields, building 
foundations, earthen dams, parking areas, and roads. 

Lime sales for soil stabilization tend to be cyclical, especially 
in large market areas such as Texas. In the soil stabilization 
market, lime competes with portland cement, cement kiln dust, 
fly ash, and other additives (liquid enzymes, for example). 
Choices made by consumers can depend on availability, price, 
contract specifications, soil chemistry, and State and Federal 
funding in the case of highway construction projects. In 2012, 
the soil stabilization market continued to be adversely affected 
by the slow recovery from the recession and by reduced 
highway spending at the State level. Lime consumed for soil 
stabilization in 2012 was essentially unchanged compared with 
that of 2011. 

Hydrated lime is used in the traditional building sector 
in mortars, plaster, and stucco. Standard masonry cement 
mortars that include lime exhibit superior workability balanced 
with appropriate compressive strength, as well as low water 
permeability and superior bond strength. Lime is a major 
constituent in exterior and interior plasters and stuccos, 
enhancing the durability, strength, and workability of these 
finishes. A small amount of hydrated lime also is used in the 
renovation of old structures built with lime mortars, which were 
standard before the development of portland cement mortars. 
Modern portland cement-base mortars are incompatible with 
old lime mortars. Hydrated lime also is used to make synthetic 
hydraulic lime, which is produced by blending powdered 
hydrated lime with pulverized pozzolanic or hydraulic materials. 

The U.S. Census Bureau collects data on construction 
spending for residential construction and 16 categories of 
nonresidential construction. As a sign that the U.S. construction 
industry is beginning to recover from the 2008—09 recession, the 
value of private construction increased by 1796 and the value 
of residential housing increased by 1596 compared with that of 
2011. In comparison, the value of public construction decreased 
by about 394 (U.S. Census Bureau, 2013). Almost all lime sold 
for traditional building uses in 2012 was in the form of hydrate 
(225,000 t of hydrate out of 226,000 t of total lime in 2012). In 
2012, sales of lime for traditional building uses increased by 7% 
compared with those of 2011. Most of the lime sold for building 
uses was produced at a few plants in Nevada, Ohio, Texas, 
and Wisconsin. 

A new agricultural use for hydrated lime that has been 
undergoing experiments and field trials is as an additive to crop 
residues, such as corn stover, to produce cattle feed that can 
replace a substantial portion of the grain normally fed to cattle. 
The crop residue is ground, treated with hydrated lime slurry, 
and then stored in an oxygen-free container—typically a plastic 
“ag bag” or a bunker—for at least a week. The hydr ated ~ 
makes the crop residue digestible by the cattle. This treate р 
residue can replace about 20% of grain fed to the cattle, an 
with the addition of wet distiller grains (a byproduct of corn 

: i ei he treated crop residue 
ethanol production), provide protein to t = 
that could conceivably replace more than 60% of the grain | 
3). The extent of lime use in 
(Archer Daniels Midland Co., 2013) t collect data 
this sector is unknown; the USGS currently does no 
on this market. 
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Hydrated lime is used in oil and gas drilling where it is used 
as a source of alkalinity and calcium in both oil- and water-base 
drilling fluids. Drilling fluid applications include increasing 
pH, providing excess lime as an alkalinity buffer, flocculating 
bentonite drilling muds, removing soluble carbonate (СО,?) 
ions, controlling corrosion, and activating fatty-acid oil-base 
mud additives (M-I LLC, 2011). 

Dead-burned dolomite, also called refractory lime, is used 
as a component in tar-bonded refractory brick or monolithics 
manufactured for use in BOF. Refractory brick also is used in 
the lining of many treatment and casting ladles, in argon-oxygen 
decarburization and vacuum-oxygen decarburization converters, 
in electric arc furnaces (EAF), and in continuous steel casting. 
The data reported in this chapter were rounded to one significant 
figure to avoid disclosing company proprietary data: unrounded 
data showed that the production of dead-burned dolomite 
in 2012 decreased compared with that of 2011. Magnesita 
Refractories Co. (formerly LWB Refractories Co.) at its York, 
PA, plant and Carmeuse at its Millersville, OH, plant were the 
only significant dead-burned dolomite producers. Although 
dead-burned dolomite is the primary form of lime used in 
refractories, hydrated lime may be used to produce silica 
refractory brick used to line industrial furnaces. 


Prices 


АП value data for lime are reported by type of lime 
produced—high-calcium quicklime, high-calcium hydrate, 
dolomitic quicklime, and dolomitic hydrate. To avoid revealing 
company proprietary data, value data for dead-burned dolomite 
were included with the averages for all types. Prices for all types 
of lime increased compared with those for 2011. The average 
values listed in table 5 are free-on-board plant basis including 
the cost of containers. 


Foreign Trade 


The United States exported and imported calcined dolomite 
(dolomitic lime), hydrated lime (slaked lime), hydraulic lime, 
and quicklime. Combined exports of lime were 212,000 t valued 
at $36.7 million. About 90% of exports went to Canada, with 
most of the remaining exports going to Mexico (396) and Oman 
(276) (table 6). 

Combined imports of lime were 468,000 t valued at $68.3 
million, with more than 9594 from Canada, 496 from Mexico, 
and 1% from other countries (table 7). Canada provided almost 
all imports of high-calcium (99%) and dolomitic quicklime 
(9876). Imports of hydrated lime came mostly from Canada 
(69%) and Mexico (29%). 

No tariffs are placed on imports of hydraulic lime, quicklime, 
and slaked lime from countries with normal trade relations 
(NTR) with the United States. A 3% ad valorem tariff is placed 
on imports of calcined dolomite from NTR countries. 


World Review 
Lime is not a commodity that is traded widely internationally. 
Traditionally, lime has been a low-value bulk product that could 


not be shipped long distances and compete with lime produced 
locally. Most countries have limestone or dolomite deposits 
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and, as a result, are able to manufacture lime for their own 
consumption. There may be some trade between countries on a 
regional basis where distances are not too great, such as in the 
European Union, or to supply lime products of a quality not 
locally available. 

With the exception of some industrialized nations, accurate 
lime production data for individual countries are difficult to 
obtain. Besides production by large commercial lime companies, 
lime is produced by small-scale manufacturers operating simple 
kilns to supply individual villages and by industries producing 
lime for internal consumption. These variations and the frequent 
confusion with limestone data make accurate collection of 
international lime data difficult and certainly incomplete. 

In some cases, lime sales data have been used to estimate 
country production figures. Beginning in 2006, major revisions 
were made to the annual estimates for China based on new 
information. Beginning in 2009, major revisions were made to 
annual estimates for India, based on steel production and other 
market assumptions (table 8). 


Outlook 


Economic forecasts predict sustained economic growth 
as indicated by the strengthening of the labor market, strong 
equity market values, and signs of recovery in the housing 
market. The U.S. economy is expected to grow in 2013, albeit 
at a rather weak pace compared with historical rates. Growth 
is expected to accelerate in 2014. The consensus forecasts are 
for growth in the U.S. real gross domestic product of 1.994 for 
2013 and 2.996 for 2014. Growth is expected to be restrained in 
2013 by multiple factors, including the expiration of the Social 
Security payroll tax holiday at the end of 2012 and tightening 
Federal fiscal policy (New York Consensus Forecasting 
Conference, 2013). Lime sales in markets such as chemical and 
industrial, construction, and steel is expected to increase with 
improvements in the overall economy. 

The outlook for FGD (lime's second leading market) is 
more difficult to analyze. With the recent boom in natural gas 
exploration, large increases in natural gas reserves, and lower 
natural gas prices, some U.S. electric utilities have shifted 
their fuel use from coal to natural gas. Natural gas also has the 
advantage of emitting fewer pollutants than coal and, as a result, 
makes it easier for the power industry to acquire the necessary 
air pollution permits to construct new powerplants or expand 
existing ones. Natural-gas-fired powerplants do not require SO 
scrubbing, so there would be a potential decrease in FGD lime 
consumption as a result. 

Wet limestone scrubbing (WLS) has been the preferred SO 
removal technology for coal-fire powerplants in recent decades, 
but two potential issues have arisen. With the possible regulation 
of GHG emission in the future, the use of WLS becomes 
problematic because the process generates CO, as a byproduct. 
Second, WLS requires some form of purge stream to prevent 
accumulation of chlorides, high concentrations of dissolved 
sulfate, and often trace impurities of mercury and oxides of 
arsenic, boron, and selenium. Treatment methods have been and 
continue to be developed to remove these contaminants, but 
regulations are tightening with regard to disposal of powerplant 
wastewater streams. Two emerging technologies, novel integrated 
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desulfurization and circulating fluidized bed scrubbing (also 
called circulating dry scrubbing), combine features of previous 
technologies into a combined process that offers excellent SO, 
removal with efficient reagent use. Hydrated lime is the primary 
reactant in both systems (Buecker, 2011). As a result, the FGD 
market is expected to increase during the next 3 to 5 years despite 
the negative impact of fuel switching. 
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TABLE 1 
SALIENT LIME STATISTICS! 


2008 2009 2010 2011 2012 
United States? 
Number of plants? 90 81 85 87 87 


VERE AU. NEN NET c LM 
Lime sold or used by producers: 


Quantity thousand metric tons 19,900 15,800 18,300 19,100 18,800 
Value* thousand dollars 1,840,000 1,660,000 1,950,000 — 2,130,000 2,230,000 
Average value dollars per metric ton ____ 92.440 — 105.00 107.00 — — 111.50 — 11850. 
Quicklime: 
High-calcium thousand metric tons 14,600 11,800 13,300 13,900 13,600 
Dolomitic do. 2,630 1,830 2,570 2,690 2,710 
Total do. 17,200 13,600 15,900 16,600 16,300 
Hydrated lime: 
High-calcium do. 2,070 1,690 1,910 2,010 2,020 
Dolomitic do. 358 261 239 230 237 
Total do. 2,420 1,950 2,150 2,240 2,260 
Dead-burned dolomite? do. 200 200 200 200 200 
Lime sold by producers: 
Ошек те“ thousand metric tons 16,000 12,600 14,700 15,400 15,200 
Hydrated lime do. 2,420 1,950 2,140 2,240 2,250 
| Тога! do. 18,400 14,500 16,900 17,700 17,500 
Value“ thousand dollars 1,690,000 1,510,000 1,790,000 1,950,000 2,050,000 
Lime used by producers thousand metric tons 1,470 1,260 1,380 1,430 1,340 
___Маџе“ thousand dollars 149,000 150,000 169,000 183,000 177,000 
_ Exports:' 
Quantity thousand metric tons 174 108 215 231 212 
Value? thousand dollars 27,100 18,500 36,200 40,100 36,700 
Imports for consumption:' 
Quantity zu thousand metric tons 307 422 445 512 468 
Value” thousand dollars 39,400 53,200 61,500 69,900 68,300 
_ Consumption, apparent'® thousand metric tons 20,000 16,100 18,500 19,400 19,100 
World, production do. 306,000" 295,000" 313,000 328,0007 348,000 € 


"Estimated. 'Revised. do. Ditto. 
'Data are rounded to no more than three significant digits; may not add to totals shown. Excludes regenerated lime. 
"Includes Puerto Rico. 

*Includes most producer-owned hydrating plants not located at lime plants. 

‘Selling value, free on board plant. 

*Data are rounded to no more than one significant digit to avoid disclosing company proprietary data. 

“Includes dead-burned dolomite. 

"Source: U.S. Census Bureau. 

‘Declared free alongside ship valuation. 

"Declared cost, insurance, and freight valuation. 

Defined as sold or used plus imports minus exports. 
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TABLE 2 
LIME SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY U.S. CENSUS BUREAU REGIONS 


Hydrated Quicklime! Total 
(thousand (thousand (thousand Percentage Value Percentage 
Region or division metric tons) metric tons) metric tons) of total (thousands) of total 
2011: 
Northeast? 178 1,070 1,250 7 — $170,000 8 
Midwest? 732 6,830 7,560 40 827,000 39 
South: 
South Atlantic" 205 602 807 4 103,000 5 
East South Central’ 204 4,540 4,740 25 487,000 23 
West South Central 673 1,140 1,810 9 195,000 9 
West’ 250 2,690 2,940 15 347,000 16 
Total 2,240 16,900 19,100 100 2,130,000 100 
2012: 
Northeast 162 1,010 1,170 6 165,000 7 
Midwest 761 6,570 7,330 39 859,000 39 
South: 
South Atlantic* 210 607 817 4 110,000 5 
^ East South Centra __________ 222 4,430 4,660 25 517,000 23 
West South Central 665 1,150 1,810 10 201,000 9 
West’ 236 2,790 3,030 16 378,000 17 
Total 2,260 16,600 18,800 100 2,230,000 100 


!' Includes dead-burned dolomite. 
?Region includes lime sold and used in the States of Massachusetts and Pennsylvania. 

?Region includes lime sold and used in the States of Indiana, Тома, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South 
Dakota, and Wisconsin. 

^Division includes lime sold and used in the States of Florida, Georgia, Puerto Rico, Virginia, and West Virginia. 

5Division includes lime sold and used in the States of Alabama, Kentucky, and Tennessee. 

Division includes lime sold and used in the States of Arkansas, Louisiana, Oklahoma, and Texas. 

"Region includes lime sold and used in the States of Arizona, California, Colorado, Idaho, Montana, Nevada, Oregon, Utah, Washington, 
and Wyoming. 


OK—2012 
U.S. GEOLOGICAL SURVEY MINERALS YEARBO 


43.8 


Google 


TABLE 3 
LIME SOLD OR USED BY PRODUCERS IN THE 
UNITED STATES, ВУ USE'-?? 


(Thousand metric tons) 


2011 2012 
Use /—  — Quantity" Quantity’ — 
Chemical and industrial: 
Fertilizer, including aglime 45 84 
Glass 167 168 
Paper and pulp mm 921° 890 
Precipitated calcium carbonate 929 ' 880 
Sugar refining 686 651 
Other chemical and industrial” 1,460 1,480 
Total Nn 4,200 4,150 
Metallurgical: 
Steel and iron: 
___ Basic oxygen furnaces 2,560 2,450 
. Electric arc furnaces 3,010 3,050 
Other steel and iron 263 227 
| Тога! 5,840 5,730 
_ Nonferrous тега игру“ 1,330 1,350 
Total metallurgical 7,170 7,080 
Construction: 
Asphalt 265 237 
Building uses " 211 226 
Soil stabilization 1,010 1,010 
.. Other construction 52 56 
Total 1,540 1,530 
Environmental: | 
Flue gas desulfurization (FGD): 
Utility powerplants 3,650 3,490 
___ Incinerators 212 222 
Industrial boilers and other FGD B 85" 103 
|. Total 3,950 3,810 
Sludge treatment: 
____ Бемаре 104 104 
Other, industrial and hazardous 122 144 
Total 227 249 
Water treatment: 
Acid-mine drainage 120 84 
Drinking water | 913 920 
Wastewater 530 555 
Тоа] 1,560 1,560 
Other environmental 224 217 
___ Total environmental БЕНИ 9970 5,830 — 
Refractories (dead-burned dolomite) 200 ' 200 ' 
Grand total ~ 19,00 18800 _ 
"Revised. 


"Includes Puerto Rico. 


?Data are rounded to no more than three significant digits; may not add to totals 
shown. Excludes regenerated lime. 


?The U.S. Geological Survey does not collect value data by end use; in previous 
years value data were estimated. 

‘Quantity includes lime sold and used, where “used” denotes lime produced for 
internal company use for basic oxygen furnaces, magnesia, paper and pulp, 
precipitated calcium carbonate, refractories, and sugar refining. 

У May include alkalis, calcium carbide and cyanamide, calcium hypochlorite, 

citric acid, food (animal or human), oil and grease, oil well drilling, petrochemicals, 
tanning, and other uses. Magnesia is included here to avoid disclosing proprietary 
data. 


6 А ; А А 
Includes aluminum and bauxite, magnesium, ore concentration (copper and gold), 
and other nonferrous uses. 


"Data are rounded to no more than one significant digit to avoid disclosing 
company proprietary data, 
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ТАВГЕ 4 
HYDRATED ШМЕ SOLD OR USED IN THE 
UNITED STATES, BY END USE ^? 


(Thousand metric tons) 


2011 2012 
Use папу“ Quanti 
Chemical and industrial 582 591 
Construction: 
Asphalt 236 217 
Building uses 200 225 
Soil stabilization 423 415 
Other construction 14 8 
Total 874 866 
Environmental: 
Flue gas desulfurization (FGD): 
Utility powerplants 173 188 
Incinerators 31 32 
Industrial boilers and other FGD 31 45 
Total 236 ' 265 
Sludge treatment: 
Sewage 19 20 
Other sludge treatment 30 50 
Total 49 71 
Water treatment: 
Acid-mine drainage 68 32 
Drinking water 149 152 
Wastewater 179 194 
| Total 396 379 
Other environmental 64 44 
Metallurgy 4] 41 
Grand total 2.240 2.260 
"Revised. 


‘Includes Puerto Rico. 
2 a a 

Data are rounded to no more than three significant digits; may not add to totals 
shown. Excludes regenerated lime. 


The U.S. Geological Survey does not collect value data by end use; in previous 
years value data were estimated. 

‘Quantity includes hydrated lime sold and used, where “used” denotes lime 
produced for internal company use in building, chemical and industrial, and 
metallurgical sectors. 


TABLE 5 
LIME PRICES' 
2011 2012 

Dollars per Dollars per Dollars per Dollars per 
Type metric ton short ton^ metric ton short ton? 

Sold and used: 
. Quicklime __ 107.90 97.90 115.40 104.70 
__ Hydrate — — — 130.90 118.70 136.90 124.20 
_ Average all type? __ 111.50 101.10 118.50 107.50 

Sold: 

. High-calcium quicklime 104.70 95.00 112.20 101.80 
. Dolomitic quicklime _ 117.80 106.80 124.20 112.70 
Average quicklime 106.80 96.90 114.20 103.60 
. High-calcium hydrate _ 129.80 117.80 134.90 122.40 
Dolomitic hydrate 142.20 129.00 157.40 142.70 
Average hydrate 131.10 118.90 137.30 124.50 
Average all types? 110.10 99.90 117.50 106.60 


“Average value per ton, free-on-board plant, including cost of containers. 


“Unit values in metric and short tons were rounded independently. 
‘Includes dead-burned dolomite. 
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ТАВГЕ 6 
U.S. EXPORTS OF LIME, BY ТҮРЕ! 


(Metric tons and dollars) 


LIME—2012 


2011 2012 
__ Type and country _ Quantity Value? Quantity — Value _ 
Calcined dolomite: 
Argentina -- -- 60 13,300 
Brazil 5 BE 3,750 869,000 
Canada $1,400 9,530,000 52.200 9,520,000 
Colombia 57 50,900 131 53,100 
France 1,060 235,000 500 143,000 
Germany 3,140 649,000 280 79,800 
Japan 118 187,000 97 140,000 
Mexico 216 52,300 259 86,100 
Taiwan = E 80 27,400 
Other 74° 67,200 ' 116 76,500 
Total 56,100 — 10,800,000 57,500 — 11,000,000 
Hydraulic lime: 
Bahamas, The 141 26,600 100 21,800 
Canada 7,40 1,860,000 6,410 1,450,000 
Vietnam 161 29,000 -- -- 
Other 178 124,000 233 167,000 
Total 7,820 2,030,000 6,750 1,640,000 
Quicklime: 
Argentina 43 34,500 -- -- 
Bahamas, The 11 19,400 164 38,900 
Canada 121,000 16,800,000 114,000 16,900,000 
Costa Rica 136 42,600 533 218,000 
Mexico 8,870 976,000 6,490 810,000 
Netherlands 64 85,100 67 98,000 
Russia 15,300 4,590,000 568 687,000 
Suriname 1,800 610,000 -- -- 
United Arab Emirates 69 64,500 117 175,000 
Other 85" 120,000" 268 186,000 
Total 148,000 — 23,300,000 122,000 — 19,100,000 
Slaked lime, hydrate: 
_ Angola 371 152,000 473 173,000 
Canada 16,300 3,070,000 18,500 3,330,000 
— Nigeria 389 118,000 362 111,000 
Oman 998 118,000 4,640 689,000 
_ Trinidad and Tobago 632 182,000 191 56,600 
_ Other EM 296" 366,000" 788 605,000 
|^ Total  — 19,000 4,000,000 24,900 4,970,000 
Grand total 231,000 40,100,000 212,000 — 36,700,000 


"Revised -- Zero. 


!Data are rounded to no more than three significant digits; may not add to 


totals shown. 


Declared free alongside ship valuation. 


Source: U.S. Census Bureau. 
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2011 
_ Туре апд country Quantity _ Уаш Quantity — Маше _ 
Сапада 67,900 10,500,000 
Italy 139 113,000 
Mexico 1 5,330 
Other 64 ' 71,100 " 
Тога! 68,100 10,700,000 
Hydraulic lime: 
Canada 104 13,800 
France 71 39,000 
Other -- -- 
Тога! 175 52,900 
Quicklime: 
Canada 386,000 49,400,000 
Dominican Republic 469 159,000 
Mexico 2,040 390,000 
Other 275 ' 314,000 ' 
Total 388,000 50,300,000 
Slaked lime, hydrate: 
Belgium 541 268,000 
Canada 29,500 3,930,000 
Dominican Republic 489 173,000 
Mexico 24,200 4,030,000 
Netherlands -- és 
Other 983 € 774,000 ' 
Total 55,100 8,910,000 
Grand total 512,000 69,900,000 


"Revised -- Zero. 


TABLE 7 
U.S. IMPORTS FOR CONSUMPTION OF LIME, BY ТҮРЕ! 


(Metric tons and dollars) 


Quantity 


51,600 
818 
203 

14 

52,600 


91 
224 
99 
414 


359,000 
484 
2,870 
432 
363,000 


385 
35,500 
132 
14,700 
481 

681 
51,500 
468,000 


Value” 


8,350,000 
169,000 
34,400 
62,100 
8,620,000 


10,500 
166,000 
39,200 
215,000 


48,500,000 
196,000 
498,000 
381,000 

49,500,000 


241,000 
6,100,000 
48,400 
2,700,000 
249,000 
815,000 
9,920,000 


68,300,000 


| ИЕ i 
Data are rounded to no more than three significant digits; may not add to 


totals shown. 


2 i Е : 
Declared cost, insurance, and freight valuation. 


Source: U.S. Census Bureau. 
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TABLE 8 
QUICKLIME AND HYDRATED LIME, INCLUDING DEAD-BURNED DOLOMITE: WORLD PRODUCTION, ВУ COUNTRY? 


(Thousand metric tons) 


Country? 2008 2009 2010 2011 2012* 
Australia, sales* 2,200 2,500 ' 2,200 ' 2,200 ' 2,200 
Austria 909 ' 725° 774 ' 780 ^* 780 
Belgium" 2,400 ' 2.400 ' 2,400 ' 2,400 ' 2,400 
Bosnia and Herzegovina 216 281 339 489 ' 490 
Brazil 7,425 ' 6,600 ' 7,761 € 8,235 ' 8,300 
Bulgaria E 1,422 950 1,309 1,495 ' 1,500 
Сапада 2,069 1,601 1,913 1,959 1,955 P4 
Chile? 820 790 790 760 ' 750 
China? 180,000 185,000 190,000 200,000 220,000 
Croatia 541 350 ' 330 ' 271' 425 
Czech Republic" 1,150 * 1,000 1,000 ' 1,000 1,000 
Egypt 1,000 * 800 800 800 800 
Finland" 482 * 500 475 475 475 
France? 4,000 3,500 3,800 3,900 3,900 
Germany 7,313 5,945 6,856 7,113: 6,672 * 
Нипрагу“ 250 ' 210 "* 260 "5 250 ' 250 
India‘ 13,000 13,000 14,000 15,000 15,000 
Iran 2.700 2,600 2,700 2,800 2,800 
Ireland? 240 220 220 300 300 
Israel 481 429 658 715° 720 
нађу“ > 5,900 5,400 6,000 6,200 6,200 
Јатајса“ 313 4 300 300 300 300 
Јарап, ашек те опју 9,528 6,746 8,547 8,005 ' 8.200 
Kazakhstan 906 798 881 958 886 ^ 
Korea, Republic ог“ 4,000 3,700 ' 4,400 ' 5,100 ' 5,200 
Malaysia, sales* 900 1,000 ' 1,000 ' 1,000 1,100 
Реги“ 216 216 216 216 220 
Poland i 1,952 1,704 ' 1,799 2,036 ' 2,000 
Romania‘ 2,000 1,600 2,000 2,000 2,000 
Russia‘ m 8,200 7,000 9,500^^ — 10,100^* 10,500 
Serbia 292 251 239 274 ' 270 
Slovakia | 1,082 867 986 ' 971' 1,000 
Slovenia 1,500 1,500 1,500 1,200 1,200 
South Africa, burnt lime sales 1,577 ' 1,368 ' 1,292 ' 1,539 ° 1,500 
Spain, sales* 2,000 1,800 ' 1,900 ' 1,900 ' 1,800 
Sweden? 750 600 700 700 700 
Taiwan 450 450 460 ' 460 ' 460 
Thailand, sales! 710 710 800 800 800 
Tunisia Е 369 366 348 ' 283 ' 300 
Turkey m 4,000 3,800 4,300 4,300 ' 4,500 
Ukraine GE 5,128 4,101 4,220 4,253 4,196 * 
United Kingdom" 1,500 1,500 1,500 1,500 1,500 
United States, including Puerto Rico 19,900 15,800 18,300 19,100 18,800 4 
Venezuela | gre rM" 400 400 400 400 400 
Vietnam = 1,619 1,584 1,454 1,600 ' 1,500 
Оше 7 1,850 ' 1,700 ' 1,720" 1,570" 1,630 
_ Total 306,000" 295,000" 313,000 328.000’ 348,000 


"Estimated. PPreliminary. ‘Revised. 


! World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
"Table includes data available through June 12, 2013. | 

п addition to the countries listed, Argentina, Chad, Iraq, Lebanon, Mexico, Nigeria, Pakistan, Saudi Arabia, Syria, Thailand, and 
several other nations produce lime, but output data are not reported; available general information is inadequate to formulate reliable 
estimates of output levels. 

‘Reported figure. 

‘Includes hydraulic lime. 

Production estimate based on sales only; data may be incomplete. 
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LITHIUM 


By Brian W. Jaskula 


Domestic survey data and tables were prepared by Mahbood Mahdavi, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


In 2012, lithium consumption in the United States was 
estimated to be about 2,000 metric tons (t) of contained lithium, 
the same as that in 2011 and about 80% greater than that in 
2010. The increase in U.S. consumption in 2011 and 2012 
relative to 2010 was primarily the result of increased demand 
for lithium-based air treatment, battery, ceramic and glass, 
grease, metallurgical, pharmaceutical, and polymer products 
in the United States. Net imports of lithium compounds into 
the United States in 2012 decreased by about 5% from those 
in 2011, and were nearly 15% lower than those in 2008. In 
the United States, one lithium brine operation with associated 
lithium carbonate and lithium hydroxide plants operated in 
Silver Peak, NV. Domestic and imported lithium carbonate, 
lithium chloride, and lithium hydroxide were consumed 
directly in industrial applications and used as raw materials 
for downstream lithium compounds. Argentina and Chile were 
the principal sources of imported lithium carbonate, lithium 
chloride, and lithium hydroxide. World lithium production in 
2012 (excluding U.S. production) was estimated to be 36,600 t 
of lithium contained in minerals and compounds, an increase of 
8% from that of 2011. 

Lithium historically has been mined from two distinct 
sources—continental brines and hard rock minerals. Chile, 
the world’s leading producer of lithium carbonate, recovered 
lithium from two brine operations on the Salar de Atacama in 
the Andes Mountains. Concentrated brines were transported 
to and processed at two lithium carbonate plants, one lithium 
chloride plant, and one lithium hydroxide plant in Antofagasta, 
on the Chilean coast. Lithium carbonate and lithium chloride also 
were produced from brines from the Salar del Hombre Muerto 
in the Andes Mountains in Argentina. A large percentage of the 
lithium carbonate produced in South America was exported to 
the United States. In China, lithium carbonate was produced from 
brines from the Zabayu Salt Lake in western Tibet and from the 
Dongtai and Xitai Salt Lakes in Qinghai Province. China was the 
only country that produced large quantities of lithium carbonate 
from mineral concentrates, mostly from imported Australian 
spodumene. Australia was, by far, the leading producer of lithium 
mineral concentrates, but Brazil, China, Portugal, and Zimbabwe 
also produced significant quantities, most of which is used 
directly in the production of ceramics and glass. 

Worldwide lithium resource exploration (led predominantly 
by Australian and Canadian startup companies) has increased 
significantly in recent years. The continental brine and clay 
resources of Nevada and geothermal brines of California were 
a major focus of exploration in the United States, as were the 
pegmatite and oil brine resources of Canada and the pegmatite 
resources of Australia. Additionally, significant exploration was 
conducted in Argentina, Bolivia, and Chile for continental brines. 
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Production 


The U.S. Geological Survey (USGS) collects domestic 
production data for lithium from a voluntary canvass of the 
only U.S. lithium carbonate producer. Rockwood Lithium Inc. 
(a subsidiary of Rockwood Holdings, Inc., of Princeton, NJ) 
responded to the survey, representing 100% of total production. 
Production and stock data were withheld from publication to 
avoid disclosing company proprietary data. 

Rockwood Lithium produced lithium carbonate and lithium 
hydroxide from brines near Silver Peak, NV. In 2012, the 
company continued to make progress on a well drilling 
program designed to double Rockwood’s lithium carbonate 
equivalent (LCE) production capacity to 6,000 metric tons per 
year (t/yr). The expansion included a geothermal powerplant 
that was expected to help make Silver Peak self-sufficient in 
electric power. 

In 2012, Rockwood opened its new 5,000-t/yr battery-grade 
lithium hydroxide production facility in Kings Mountain, NC. 
The lithium hydroxide facility expanded an existing Rockwood 
site that produced lithium salts and lithium metal for primary 
(nonrechargeable) batteries. Rockwood also opened its Global 
Technical Center at Kings Mountain, which offered expanded 
facilities for engineers and technicians to develop new lithium 
compounds for alternative transportation, energy storage, and 
other applications. Rockwood’s Kings Mountain and Silver 
Peak plant expansions were funded in part by a $28.4 million 
grant from the U.S. Department of Energy (DOE), as part of 
the American Recovery and Reinvestment Act of 2009 (ARRA 
Public Law Ш-5). 

The company’s other lithium operations included a 
butyllithium plant in New Johnsonville, TN, facilities for 
producing downstream lithium compounds in Kings Mountain, 
and lithium carbonate and lithium chloride production from a 
brine operation in Chile (formally Sociedad Chilena de Litio 
Ltda.) (Rockwood Holdings, Inc., 2012a, p. 2; U.S. Department 
of Energy, 2012). 

FMC Corp.’s Lithium Division produced a full range of 
downstream inorganic compounds, lithium metal, and organic 
lithium compounds at its facility in Bessemer City, NC. The 
company commissioned a metal distillation unit in Bessemer 
City to supply high-purity lithium metal to battery and metal 
alloy producers and was building a new lithium hydroxide plant 
FMC sourced its lithium carbonate and lithium chloride from its 
operation in Argentina (FMC Corp., 201 2d, p. 8). 

Simbol Materials LLC began operating a high-purity lithium 
carbonate pilot plant in California in 2011. The company 
announced plans to begin construction of a commercial 
16,000-t/yr-LCE facility in California in early 2013, and 
of the facility was expected by 2014. Simbol's ceo. ata 

i 015 geothermal brine 
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reverse-osmosis process, if successful, would eliminate the 
need for solar evaporation, a lengthy process used in traditional 
lithium brine operations (Industrial Minerals, 2013b). 


Recycling 


In 2012, lithium battery recycling projects were under 
development in Belgium, Germany, Japan, and the United 
States. As part of the ARRA, the DOE awarded $9.5 million to 
California-based battery recycler Toxco, Inc. to construct the 
first U.S. recycling facility for lithium-ion vehicle batteries. The 
company began recycling lithium metal and lithium-ion batteries 
in 1992 at its facility in British Columbia, Canada, and recycled 
nickel-metal hydride and lead-acid batteries from hybrid-electric 
vehicles (HEVs) at its plant in Lancaster, OH. At yearend 
2012, the lithium-ion recycling plant adjacent to its facility in 
Lancaster was 75% complete. The new facility was designed to 
process up to 4,000 t/yr of lithium-ion battery packs (Gearino, 
2011; U.S. Department of Energy, 2013, p. 59-60). In 2012, 
Umicore Group opened a dismantling facility for rechargeable 
automotive batteries in Maxton, NC. The dismantling facility 
breaks down the battery packs before shipping the components 
to Belgium for recycling (Umicore Group, 2013, p. 12). 


Consumption 


Lithium is sold as brines, compounds, metal, or 
mineral concentrates depending on the end use. Lithium’s 
electrochemical reactivity and other unique properties have 
resulted in many commercial lithium products. For many 
years, most lithium compounds and minerals were used in the 
production of ceramics, glass, and primary aluminum. As а 
result of growth in lithium battery use and a reduction in the use 
of lithium in aluminum production, batteries have gained market 
share. For 2012, according to one estimate, the main global 
markets for lithium products were batteries, 3576; ceramics 
and glass, 26%; lubricating greases, 13%; metallurgy, 8%; air 
conditioning, 4%; polymers, 3%; medical applications, 3%; 
and other uses, 8% (Desormeaux, 2013, p. 13). Other uses may 
have included alloys, cement and concrete, dyestuffs, industrial 
bleaching and sanitation, pool chemicals, and specialty 
inorganics (FMC Corp., 2008). Another source, however, 
calculated that ceramics and glass remained the top global 
lithium market in 2012 with 35% market share, and batteries 
accounted for 29% of the market (Robert Baylis, general and 
division manager, Roskill Information Services, Ltd., written 
commun., May 14, 2013). Data to make reliable estimates of 
U.S. consumption were not available. | 
Lithium's properties make it one of the most attractive 
battery materials of all the elements. Worldwide, rechargeable 
lithium batteries powered most cellular telephones and 
laptop computers, as well as many heavy-duty power tools. 
Automakers were developing and improving lithium batteries 
for electric vehicles (EVs), НЕМ5, and plug-in hybrid electric 
— z^ sedile Battery Association reported that 
mber of lithium-ion cells produced worldwide increased 
E. p billion in 2012, а 450% increase from 800 million cells 
see in 2002 (Seetharaman, 2013). The global lithium-ion 
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battery market had revenues of $11.7 billion in 2012. Consumer 
applications (cameras, cellular telephones, computer tablets, 
laptop computers, etc.) accounted for 64% of the revenues; 
industrial applications (aerospace and defense, energy storage, 
industrial tools, medical devices, etc.) accounted for 2294; and 
automotive applications (EVs, HEVs, PHEVs, and electric 
bicycles) accounted for 14%. Although the consumer segment 
accounted for the highest revenues in 2012, the industrial and 
automotive segments increased at a faster pace. The greatest 
share of consumer and industrial revenues came from North 
America, and China led in automotive revenues (Tohani, 2013). 

Increased use of larger lithium-ion batteries can be attributed 
in part to the rapid replacement of nickel-cadmium batteries 
with lithium-ion batteries in heavy-duty power tools. According 
to Robert Bosch GmbH, a leading manufacturer of power 
tools, 74% of new cordless power tools produced in 2012 were 
powered by lithium-ion batteries, up from only 26% in 2007 
(Miiller, 2013). 

In 2012, China, Japan, and the Republic of Korea accounted 
for 85% to 90% of global lithium-ion battery production. 
Germany, Switzerland, and the United States were among 
other countries producing lithium-ion batteries (Tohani, 2013). 
According to a Japanese market research firm, the Republic of 
Korea overtook Japan (the leading lithium-ion battery producer 
since 1991) in 2011 to become the leading manufacturer of 
lithium-ion batteries (Sung-Mi, 2012). 

In 2011, Alcoa Inc. developed a third-generation aluminum- 
lithium alloy that could contribute to lighter, less costly, and 
more corrosion resistant airplanes compared with those using 
composite alternatives. The alloy reduced density by up to 
7% in critical structural components. In May, as part ofa 
plan to expand its aluminum lithium production capacity and 
capabilities, Alcoa began construction of a new $90 million 
facility adjacent to its Lafayette, IN, plant with a capacity to 
produce more than 20,000 t/yr of aluminum lithium. Alcoa also 
began expanding aluminum lithium capacity at its Technical 
Center in Alcoa Center, PA, and Alcoa’s Kitts Green plant in the 
United Kingdom (Chai, 2011; Alcoa Inc., 2013, p. 17). 

Addition of lithium carbonate to aluminum potlines lowers 
the melting point of the cryolite bath, allows a lower operating 
temperature for the cells, increases the electrical conductivity, 
and decreases bath viscosity. U.S. primary aluminum production 
and U.S. lithium consumption for aluminum production 10 
2012 remained near the level in 2011. Aluminum production 

ive lithi ‘ned well below the 2008 level 
and respective lithium use remaine we | рер 
following cutbacks in response to a significant drop те P 
of aluminum in the second half of 2008 (Bray, 2013). 


Prices 


Customs values for U.S. imports of lithium carbonate PX 
lithium hydroxide were used as an indication of the se 
in lithium pricing; producer pricing was not available ® 
lithium carbonate or lithium hydroxide. In 2012, the ae А 
customs unit value for imported lithium carbonate d : 
per kilogram, 996 higher than that of 2011. The and Seas 
customs unit value for imported lithium n " us 
per kilogram, 4276 lower than that of 2011. The и е 
hydroxide unit value of $1 1.12 per kilogram, however, 
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unusually high, most likely owing to either intercompany 
transfers between foreign and U.S. subsidiaries of the same 
company or incorrect data reported to the U.S. Census Bureau. 
The average unit value of exported lithium carbonate in 2012 
was $6.25 per kilogram, 6% lower than that of 2011. The 
average unit value of exported lithium hydroxide was $7.85 per 
kilogram, 19% higher than that of 2011. The average unit value 
of exported lithium carbonate in 2012 was 48% higher than 

the average unit value of imported carbonate. The average unit 
value of exported lithium hydroxide in 2012 was 22% higher 
than the average unit value of imported hydroxide. This suggests 
that the material exported from the United States was higher 
quality lithium carbonate and lithium hydroxide than that which 
was imported. 

In 2012, Rockwood Lithium increased prices for all of 
its lithium salt products, including lithium carbonate and 
lithium hydroxide, by $1,000 per metric ton. The company 
also increased butyllithium prices by 4% to 6% (Rockwood 
Holdings, Inc., 2012b, c). FMC increased prices of its lithium 
salt products (including lithium carbonate, lithium chloride, and 
lithium hydroxide) by as much as $1,000 per metric ton. FMC 
also increased butyllithium and specialty organic product prices 
by 8%, and lithium metal prices by 10% (ЕМС Согр., 20125, c). 
Sociedad Química y Minera de Chile S.A. (SQM) reported an 
8% increase in its lithium carbonate price (Michael J. Harrison, 
analyst, First Analysis Securities Corp., written commun., 
March 6, 2013). 

Galaxy Resources Ltd. reported that the battery-grade lithium 
carbonate price in China averaged $6,750 per metric ton, a 1796 
increase from 2011. China's technical-grade lithium carbonate 
averaged $6,450 per metric ton. The lithium hydroxide price 
increased by 15% to $6,600 per metric ton in 2012 (Galaxy 
Resources, Ltd., 2012a, p. 36). 

Australian spodumene producer Talison Lithium Ltd. 
increased chemical-grade and technical-grade lithium 
concentrate prices by 15% during the first half of 2012, with a 
further price increase of 1096 for chemical-grade concentrates 
during the second half of 2012. The company reported its 
average price of lithium concentrates sold during the last 
6 months of 2012 was $361 per metric ton. Talison also 
reported that prices would increase between 1096 and 15% for 
its chemical-grade and technical-grade lithium concentrates 
during the first half of 2013 (Talison Lithium Ltd., 2012b, p. 3; 
2013, p. 4, 8). At yearend, the U.S. import price for glass-grade 
spodumene [(5% lithium oxide), cost, insurance, and freight] 
was $417 to $463 per metric ton, and lithium hydroxide [(56.5% 
to 57.5% lithium hydroxide), large contracts, packed in drums 
or bags] delivered to Europe or United States was $6,500 to 
$7,500 per metric ton (Industrial Minerals, 201 3a). 


Foreign Trade 


In 2012, total exports of lithium compounds from the United 
States decreased slightly compared with those of 2011. About 
3276 of all U.S. exports of lithium compounds went to Japan, 
17% went to Germany, and 7% went to Belgium (table 2). 

Imports of lithium compounds into the United States 
decreased by 3% in 2012 compared with those of 2011. Of the 
14,900 t of lithium compounds imported, 59% came from Chile 
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and 38% from Argentina (table 3). Lithium concentrates from 
Australia and Zimbabwe may have entered the United States, 
but because these materials have no unique import code, no 
import data were available. 


World Review 


Worldwide production and consumption of lithium increased 
in 2012. Two major lithium producing countries, Chile and 
Australia, increased lithium production by 9% and 8%, 
respectively, from that of 2011. World lithium production in 
2012 (excluding U.S. production) was estimated to be 36,600 t 
of lithium contained in minerals and compounds, an increase of 
8% from that of 2011 (table 1). Gross weight production figures 
for lithium carbonate, lithium chloride, lithium hydroxide, and 
lithium mineral concentrates are listed in table 4. Argentina, 
Chile, China, and the United States were the leading producers 
of brine-based lithium carbonate. Significant quantities of 
lithium compounds and concentrates also were produced in 
Australia, Brazil, China, Portugal, and Zimbabwe. Several 
brine operations were under development in Argentina, 

Bolivia, and Chile; spodumene mining operations were under 
development in Australia, Canada, China, and Finland; and a 
jadarite mining operation was under development in Serbia. 
Pegmatites containing lithium minerals also have been identified 
in Afghanistan, Austria, France, India, Ireland, Mozambique, 
Spain, Sweden, and Zaire, but have not been developed. Lithium 
also has been identified in subsurface brines in Afghanistan 

and Israel. Companies in China, France, Germany, Japan, the 
Republic of Korea, Russia, Taiwan, the United Kingdom, and 
the United States produced downstream lithium compounds 
from imported lithium carbonate. 

Lithium end-use markets for batteries, ceramics and glass, 
grease, and other industrial applications all increased. World 
lithium consumption was estimated by Roskill Information 
Services (2013a) to be 28,200 t of lithium contained in minerals 
and compounds in 2012, an increase of approximately 994 from 
Roskill’s consumption estimate of 2011. Capacity utilization 
among the current lithium producers was estimated to be greater 
than 80% (Norris, 2012, p. 16). 

Total lithium consumption growth averaged 6.4% per year 
from 2000 through 2012. Based on estimated total lithium 
consumption and an estimated lithium chemical market share 
of total consumption of about 75%, an estimated 21,200 t 
of lithium was consumed in chemicals and the remainder as 
mineral concentrates used in the ceramics and glass industry in 
2012. One Chilean lithium producer estimated global lithium 
chemical consumption to be 23,500 t (Baylis, 2010, p. 5; 
Sociedad Química y Minera de Chile S.A., 2013b, p. 17). 

In 2011 (the latest year for which data were available), China 
was estimated to be the leading consumer of lithium with 33% 
of total world consumption—an increase of 5% from China's 
28% share of world lithium consumption in 2009. In 2012 
China, Japan, and the Republic of Korea consumed 6094 of the 
world's lithium, and Europe and North America consumed 24% 
and 9%, respectively. China was expected to consume almost | 
50% of worldwide lithium by 2020 (Merriman, 2012, p. 5, 9. 
Roskill Information Services Ltd., 20136), шн 


Argentina.—Production of lithium carbonate in 2012 was 
10,600 t, and production of lithium chloride was 4,300 t. FMC 
has operated its facility at the Salar de Hombre Muerto since 
1998. It was initially designed to produce about 12,000 t/yr of 
lithium carbonate and about 5,500 t/yr of lithium chloride. In 
2012, FMC's lithium carbonate production capacity increased 
to 23,000 t/yr. Heavy rains in Argentina during the first quarter, 
however, diluted the lithium brines in the solar evaporation 
ponds, and poor evaporative conditions during Argentina's 
winter reduced lithium production during the third quarter 
(FMC Corp., 20122). 

At yearend 2010, The Sentient Group's АРУ Resources 
Ltd. (previously Rincon Lithium Ltd.) commissioned its 
lithium operation at the Salar del Rincón in Salta Province. 
The operation was designed to produce 10,000 t/yr of lithium 
carbonate, 4,000 t/yr of lithium hydroxide, and 3,000 t/yr of 


lithium chloride. In 2012, the company produced approximately 


300 t of lithium carbonate and made its first commercial 
shipments. Feasibility studies were also conducted in 2012 
to determine phased production capacity expansions during a 
20-year period (Watts, 20102; Clarke, 20125; Patel, 2013). 

The Australian exploration company Orocobre Ltd. began 
constructing its Olaroz Lithium Project at the Salar de Olaroz 
in northwestern Argentina at yearend 2012. Construction was 
expected to be completed in 2014. A definitive feasibility 
study indicated the project could support a production rate 
of 17,500 t/yr of battery-grade lithium carbonate (Orocobre 
Ltd., 2012). Orocobre previously established a joint venture 
with Japanese trading firm Toyota Tsusho Corp. to supply 
low-cost lithium to automotive and battery industry markets 
(Watts, 2010b). 

The Canadian exploration company Lithium Americas Corp. 
completed a definitive feasibility study of its Cauchari-Olaroz 
Lithium Project on the Puna plateau in northwestern Argentina. 
The feasibility study indicated proven and probable reserves 
sufficient to operate at a production rate of up to 40,000 t/yr of 

LCE for 40 years, which would include an initial 5-year | 
ramp-up period. The company planned to build the project in 
two stages, with each stage consisting of a 20,000-t/yr LCE 
facility. The second stage, which would require a second | 
definitive feasibility study, was not expected to commence until 


2018. Canadian car parts manufacturer Magna International Inc. 


and Japan's Mitsubishi Corp. previously purchased 13.3% and 
4.1%, respectively, of Lithium Americas" common shares inan 
effort to secure low-cost lithium supplies for their respective 
companies’ hybrid and electric-drive vehicle batteries (Lithium 
Americas Согр., 2012, p. 4). | 

In 2012, Australia's Galaxy Resources Ltd. acquired | 
Canadian-based resource company Lithium One Inc., including 
70% of its Sal de Vida lithium brine project at the Salar del D 
Hombre Muerto. The remaining 30% of the Sal de Vida project 
was owned by the Republic of Korea's LG International Corp., 
GS Caltex Corp., and Government-owned mining company 
Korea Resources Corp. (KORES). Lithium One 5 previous 

reliminary economic assessment of the Sal de Vida project 
indi ted the operation could produce 25,000 t/yr lithium 
xin te. A definitive feasibility study of the project was 
M by early 2013 (Galaxy Resources Ltd., 2013, p. 12). 
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Rodinia Lithium completed a prototype production well and 
drilling program for its Salar de Diabillos lithium deposit in 
Salta. A feasibility study was expected in 2013 (Clarke, 2013). 
The company's initial mineral resource estimate for the lithium 
deposit indicated the potential to produce up to 25,000 t/yr 
of lithium carbonate. This deposit was one of three that the 
company acquired in early 2010 (Elliott, 2011). 

Australia. —Talison Lithium produced about 34% of global 
lithium supply from its deposit in Western Australia, which 
reportedly is the largest spodumene deposit in the world. The 
company reported spodumene production of 399,000 t in 
2012, an increase of 12% from that of 2011 (Talison Lithium, 
Ltd., 2013, p. 6, 8). Talison produced two types of lithium 
concentrate—chemical grade (696 lithium oxide content), 
which is primarily used for conversion into lithium chemicals 
for applications including lithium batteries, and technical grade 
(5% to 7.5% lithium oxide content), a low-iron concentrate 
which is used directly in the manufacture of ceramics, glass, and 
heat-proof cookware. 

In the wake of China's electric vehicle developments and the 
resulting expansion of Chinese lithium chemical production, 
Talison reported that 10096 of its chemical-grade lithium 
concentrate was sold in China. The company's technical-grade 
lithium concentrate was distributed throughout the world with 
approximately 40% (by weight) going to China, 37% to Europe, 
1395 to North America, and 796 to Japan (Talison Lithium, Ltd., 
2012a, p. 11-12). Talison was the source of 80% of the lithium 
consumed in China (Wheatley, 2012, p. 21). 

The stage 2 expansion of Talison's chemical-grade 
lithium concentrate production capacity was completed and 
commissioned in 2012. The expansion more than doubled 
existing production capacity, which increased to 740,000 t/yr 
from 315,000 t/yr of lithium concentrate. The company also 
planned to build a 20,000-t/yr lithium carbonate plant in Western 
Australia with plant commissioning expected in 2015 (Talison 
Lithium, Ltd., 2012а, p. 15, 29). 

In December, Windfield Holdings Pty. Ltd. [a wholly owned 
subsidiary of Chengdu папа! (Group) Co., Ltd. (Chengdu. 
China)] entered into a definitive agreement with Talison to : 
acquire all of the shares in Talison that it did not already owu A 
approximately $832 million. In March 2013, Папа! сш 
its acquisition of Talison. Tiangi, which previously purchase 
approximately 4096 of Talison's chemical-grade lithium 
concentrate and was the sole distributor in China of Talison S : 
technical-grade lithium concentrate, announced it woule a 
additional markets in Asia and worldwide for Talison s ium 
concentrate (Chengdu Tianqi (Group) Co., Ltd., 2012a, b; 
Diniz, 2013). | 

In July, TN Resources Ltd. halted lithium = 
production at its 137,000-t/yr Mount Cattlin spodume oe 

Australia, to reduce 
operation, near Ravensthorpe, Western и! 
spodumene stocks. The company announced tna и 
ramp up of its lithium carbonate plant in J iangsu as > 
China, resulted in a build up of the Mount Cattlin T " 
spodumene inventory to levels equivalent to - Mtn duce 
supply of feedstock for the J iangsu Plant. Ga id pns Ltd. 
48,700 t of lithium concentrate 1n 2012 (Galaxy 


2012b, p. 5). 
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Belgium.—Development work continued at Umicore's pilot 
recycling facility for lithium-ion, lithium-polymer, and nickel 
metal hydride batteries in Hoboken, Belgium. The facility was 
designed to recover nearly all of the metallic elements in EV 
and HEV batteries. Umicore also reached an agreement with 
Toyota Motor Europe to recycle spent lithium-ion battery packs 
for two new Toyota models—the Prius+™ and the Prius Plug-in 
HybridT^— sold in Europe (Recycling International, 2012; 
Umicore Group, 2013, p. 12). 

Bolivia.—Bolivia's undeveloped Salar de Uyuni is the largest 
salt flat in the world, with an area of more than 11,000 square 
kilometers containing vast lithium resources. In July, a Korean 
consortium consisting of KORES, POSCO, SK Innovation 
Co., and LG Chemical Ltd. established a joint venture with 
COMIBOL, Bolivia's state-owned mining corporation, for the 
production of lithium cathodes, a key component of Li-ion 
batteries. As part of the agreement, COMIBOL was to provide 
materials for the Li-ion batteries, including lithium, manganese, 
and nickel, and the Korean consortium was to provide the 
manufacturing technology (The Korea Times Co., 2012). By 
yearend, Bolivia's first lithium carbonate pilot plant had been 
constructed at the Salar de Uyuni (Pistilli, 2013b). 

Canada. —Canada Lithium Corp. commissioned an open pit 
mine and a processing plant at its Quebec Lithium Project near 
Val d'Or, Quebec. Full production from the 20,000-t/yr lithium 
carbonate processing plant was expected by yearend 2013 
(Canada Lithium Corp., 2012). The company signed a 5-year 
lithium carbonate offtake agreement with Chinese commodity 
trader Tewoo-EDRC for a minimum commitment of 12,000 t/yr 
of battery-grade lithium carbonate. The first delivery was 
scheduled for 2013. The 5-year agreement included a provision 
for the formation of a joint venture to be incorporated as Tewoo 
Quebec Lithium Co. Ltd. Canada Lithium also signed a 3-year 
lithium carbonate offtake agreement with Japan's Marubeni 
Corp. for a minimum commitment of 5,000 t/yr, starting with 
2,000 t/yr in 2013 (Lismore, 2012; 2013). 

In 2012, Nemaska Lithium Inc. completed a second 
preliminary economic assessment on its Whabouchi mine and 
lithium hydroxide/carbonate plant in Quebec. The assessment 
Showed a measured resource of 10.2 million metric tons (Mt) 
grading 1.5394 lithium oxide, and an additional indicated 
resource of 9.4 Mt grading 1.45% lithium oxide. A production 
rate of 213,000 t/yr spodumene concentrate grading 6% lithium 
oxide was anticipated, and the plant was expected to produce 
up to 20,700 t/yr of lithium hydroxide and 10,000 Uyr of 
lithium carbonate. Nemaska developed a proprietary membrane 
electrolysis process which would produce lithium hydroxide 
directly from spodumene concentrate. The new technology 
Was expected to reduce processing costs by replacing the use 
of caustic soda with electricity, as well as eliminating the 
production, handling, and disposal of sodium sulfate. The 
company expected to commission a 500-t/yr phase I lithium 
hydroxide demonstration plant in early 2014 (Nemaska Lithium 
Inc., 2012a, b; Pistilli, 20132). 

In 2012, Galaxy Resources completed the acquisition of 
Lithium One's James Bay lithium project in Quebec, and 
anticipated the results of a definitive feasibility study by early 
2013 (Clarke, 2013). The James Bay project was expected to 
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include a mine, a processing plant, and a 17,000-t/yr battery- 
grade lithium carbonate plant (Lithium One Inc., 2011). 

Chile.—With a reported 35% share of the world lithium 
chemicals market, SQM’s revenues from its lithium products 
increased as a result of robust market activity, mainly driven by 
the rechargeable battery and lubricating grease markets. Its sales 
of 45,700 t of LCE, was 12% higher than that in 2011, and the 
value of sales increased by 21% to $222 million. The company’s 
lithium products were distributed throughout the world, with 
64% going to Asia and Oceania; 24% to Europe, the Middle 
East, and Africa; 10% to North America; and 2% to other 
regions in 2012. SQM’s lithium carbonate production capacity 
was 48,000 t/yr in 2012, and its lithium hydroxide production 
capacity was 6,000 t/yr. The company also began engineering 
work for a lithium carbonate production capacity expansion to 
68,000 t/yr (Clarke, 2013; Sociedad Quimica y Minera de Chile 
S.A., 2013a, p. 31; 2013b, p. 14; 2013c, p. 3). 

Total lithium carbonate production capacity for Rockwood 
Lithium's operations in Chile and the United States was 
33,000 t/yr in 2012. Rockwood produced an estimated 30,000 t 
of lithium carbonate and its derivates in 2012, mostly from its 
operation in Chile. Sales of lithium products was 3.994 higher 
than that in 2011 owing to increased selling prices and increased 
volumes of lithium carbonate sold for use in battery applications 
and lithium specialties, but partially offset by decreased sales 
of technical grade lithium carbonate. The company announced 
plans to construct a 20,000-t/yr lithium carbonate plant in La 
Negra. The new facility, expected to be completed by 2014, 
would increase Rockwood's worldwide lithium carbonate 
production capacity to more than 50,000 t/yr. In addition, 
Rockwood planned to increase its worldwide lithium hydroxide 
production capacity, estimated to be greater than 5,000 t/yr, 
to more than 10,000 t/yr by 2014. The company used lithium 
carbonate from Chile as feedstock for some of its downstream 
chemical production in Germany, India, Taiwan, and the United 
States. Rockwood's lithium compounds and value added lithium 
specialty products were distributed throughout the world, with 
43% (by sales) going to Europe, the Middle East, and Africa; 
27% to Asia; 19% to North America; and 11% to Latin America 
in 2012 (Haber, 2013, p. 3, 27; Rockwood Holdings, Inc., 
2013a, p. 7, 30; 2013b, p. 11). 

Li3 Energy, Inc. (Lima, Peru) acquired 6094 ownership of the 
Maricunga lithium project at the Salar de Maricunga in northern 
Chile. The company formed a joint venture with POSCO 
Canada Ltd. to build a pilot plant that would recover lithium 
and other elements including boron, calcium, magnesium, and 
potassium using a proprietary direct extraction technology 
developed by POSCO. The 20-t/yr high-purity lithium carbonate 
pilot plant was installed in December in Copiapo, Chile 
(Pistilli, 2013c). 

China.—China was the only country that continued to 
produce large quantities of lithium carbonate from domestic 
and imported spodumene concentrates. Lithium minerals were 
estimated to contain 3594 of China's lithium reserves, and 
lithium brines were estimated to contain the remaining 6594 


(Baylis, 2009, p. 6-7, 11, 13; Roskill Informatio Servi 
о n services Ltd., 


As of 2011, the latest year for which data were available, 
China produced an estimated 13,100 t of LCE from combined 
domestic brine and mineral production (Merriman, 2012, p. 11). 
China's brine producers accounted for 4,530 t of LCE, 
approximately one-third of the country's lithium production. 
Only 1396 of China's 34,000-t/yr LCE brine-based production 
capacity was used in 2011 (Clarke, 2013). Qinghai Lanke 
Lithium Industry Co., Ltd. operated a 10,000-Uyr lithium 
carbonate-lithium chloride project in the Chaerhan Salt Lake 
Zone in Qinghai Province and a 200-t/yr LCE pilot project (with 
Qinghai Salt Lake Industry Group Co., Ltd.) in the East Taijiner 
Salt Lake Zone. Qinghai Lanke planned to expand production 
capacity of both operations to a total of 16,500 t/yr of LCE. 
CITIC Guoan Lithium Science & Technology Co., Ltd. operated 
a 20,000-t/yr lithium carbonate plant at West Taijiner Salt Lake 
in Qinghai Province with production capacity expected to 
expand to 30,000 t/yr of LCE. Tibet Mineral Development Co., 
Ltd. operated a 3,750-t/yr lithium carbonate plant at the Zabayu 
Salt Lake in western Tibet with production capacity planned to 
expand to 18,000 t/yr of LCE (Merriman, 2012, p. 16-17). 

China's mineral producers accounted for 8,570 t of LCE, 
approximately two-thirds of the country's domestic lithium 
production in 2011 (Clarke, 2013). China's spodumene 
production was mostly within Sichuan Province, but also took 
place in Hunan, Jiangxi, and Xinjiang Provinces. 

By yearend 2012, owing to China's increasing demand for 
lithium, the country's capacity to produce lithium compounds 
from spodumene was estimated to have increased to 125,600 t/yr 
of LCE, an increase of 140% from 52,500 t/yr of LCE in 2011 
(Clarke, 2013). China produced 49,000 t of LCE from domestic 
and imported spodumene feedstock in 2011 and relied on imports 
for approximately 7096 (Merriman, 2012, p. 13). 

In March, Galaxy Resources officially opened its lithium 
carbonate plant in Jiangsu Province, and by yearend, had 
produced 1,200 t of technical-grade lithium carbonate and 290 t 
of battery-grade lithium carbonate. The Jiangsu plant was 
designed to produce 17,000 t/yr of LCE and supply users across 
the Asia-Pacific region. Galaxy also initiated a feasibility study 
to assess building a 5,000-t/yr battery-grade lithium hydroxide 
plant (Galaxy Resources, Ltd., 2013, p. 4, 7). u 

Germany.—At yearend 2011, Rockwood Lithium GmbH 
(previously Chemetall GmbH) commissioned a recycling 
pilot plant for lithium-ion batteries in Langelsheim, Germany. 
The German Federal Ministry for the Environment, Nature 
Conservation, and Nuclear Safety contributed $8.2 million 
toward the $20.6 million cost of the pilot plant (Kanter, 2011). 

Japan.—JX Nippon Mining & Metals Co. completed 
construction of a commercial-scale recycling plant for | 
lithium-ion batteries in Tsuruga City, Japan. Plant processing 
capacity Was reported to be 10 metric tons per month of lithium 
carbonate (JX Nippon Mining & Metals Corp., 2012). 

Korea, Republic ој — Аз part of the effort to secure stable 
long-term supplies of lithium for its expanding automobile, 

nd electronics industries, the Government partnered 
paren i 1 companies, including POSCO and SK Energy 
Ар acquire lithium from a broad range of sources and 
s = | сезен POSCO announced that its Research 
coun: a 1 S ience and Technology had developed 
Institute of Industria! c! 
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a technology to directly extract lithium from brines that 
eliminated the need for natural evaporation and reduced the 
lithium processing time from 12 months to less than 1 month. 
The lithium recovery rate also rose from approximately 50% 

to more than 8096. The demonstration was performed on brine 
obtained from Bolivia's Salar de Uyuni. POSCO planned to use 
its new technology to build direct extraction plants worldwide in 
association with lithium brine producers (Jiyoon, 2012). 


Outlook 


World lithium consumption forecasts to 2015 and 2020 were 
projected by numerous lithium producers and many leading 
lithium market analysts. On average, their conclusions indicated 
that world lithium consumption was likely to increase to 
approximately 190,000 t/yr of LCE by 2015 and to 280,000 t/yr 
of LCE by 2020 (Clarke, 2012a). From 2012 to 2017, average 
annual growth in world lithium consumption was expected 
to be approximately 11% (Baylis, 2013, p. 23). New lithium 
producers were expected to supply approximately 25% of the 
lithium required by 2020 (Baylis and Chegwidden, 2012, p. 29). 

Annual growth in lithium consumed globally for batteries 
averaged 2196 per year between 2000 and 2012. Demand 
for rechargeable lithium-ion batteries continues to ћауе the 
greatest potential for growth. The lithium-ion battery market 
was expected to increase by 20096 by 2017, the equivalent of 
an additional 90,000 t of LCE (Baylis, 2013, p. 26). The global 
market for lithium-ion batteries was forecast to reach $9 billion 
by 2015, with potential to exceed $50 billion by 2020 (Schrader, 
2012). Other lithium end uses were projected to increase also, 
but at lower rates than batteries. 

Lithium supply security has become a top priority for 
Asian technology companies. Strategic alliances and joint 
ventures have been, and continue to be, established with 
lithium exploration companies worldwide to ensure a reliable, 
diversified supply of lithium for Asia’s battery and vehicle 
manufacturers. With lithium carbonate being one of the lowest 
cost components of a lithium-ion battery, the issue to be 
addressed was not cost difference or production efficiency, but 
supply security. 

m ом the lithium-air battery, may be capable of 
substantially increasing the energy density of lithium он 
effectively rivaling the energy density of petroleum. Althoug 
development of lithium-air battery technology is still in its 


i : cial 
infancy, a coalition of U.S. national laboratories and commer 


partners led by International Business Machines Corp. — 
anticipated having a laboratory prototype battery e м ; 
a scaled-up prototype capable of powering a car ready by , 
and commercial batteries in production within a decade 

Fogg, 2012). 
| Мо Run automobile manufacturers have шше E 
to use lithium-ion batteries in current ог future generatio a 
EVs, HEVs, and PHEVs. Vehicles with lithium-10n pens 
from companies such as Bavarian Motor Works AG Mee 
Ford Motor Co.; General Motors Co.; Honda pd D4 > 
Hyundai Group; Tesla Motors, Inc.; Toyota Motor en cile 
Volkswagen Group were introduced in 2012. А не 
manufacturers formed partnerships with establishe | 
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drive vehicles and begin mass production of lithium-ion 
batteries. 

The worldwide market for lithium-ion batteries used in light 
duty vehicles was forecast to increase to approximately $22 
billion by 2020 from $1.6 billion in 2012. As manufacturing 
efficiencies improve, the cost of lithium-ion batteries was 
expected to decrease by more than one-third by 2017 (Pike 
Research, 2012; Navigant Research, 2013). 

The successful use of lithium-ion batteries in EVs, HEVs, 
and PHEVs could greatly increase consumption of lithium. 

If the rate of consumption increases faster than supply, prices 
could increase, and spodumene and other lithium resources 
that had been considered uneconomic might once again yield 
economically feasible raw materials for the production of 
lithium carbonate. New lithium mineral operations under 
development throughout the world specifically designed to 
produce battery-grade lithium carbonate demonstrate the 
potential economic viability of these mineral operations. 

Various countries worldwide were establishing national 
alternative energy policies that have the potential to 
substantially increase lithium demand. It was anticipated that 
Asia, North America, and Western Europe would be at the 
forefront of adopting utility-scale energy storage systems that 
would become integral components of electricity grids in the 
future, for long-duration storage as well as short-duration 
ancillary services. China, in particular, was expected to become 
the largest utility-scale energy storage market in the world, 
with $586 billion in Government funds to be invested by 
2020. These energy storage systems could be the beneficiaries 
of the widespread research and development of lithium- 
ion batteries for the transportation sector. Of several energy 
storage technologies competing within the short-duration 
ancillary services market, advanced lithium-ion batteries were 
expected to hold the greatest potential, capturing approximately 
70% of the ancillary services market worldwide by 2019. 
Worldwide revenue from sales of lithium-ion batteries for use 
in utility-scale energy storage systems was expected to increase 
to nearly $6 billion in 2020, from $72 million in 2012 (Pike 
Research, 2010; Oyama, 2011 ). 

In addition to energy storage systems, several other potential 
growth areas could significantly increase lithium demand by 
2020. Lithium used in solar power applications and in nuclear 
reactor applications offer substantial opportunities for future 
lithium growth (Lee and Hykawy, 2011). 
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TABLE 1 
SALIENT LITHIUM STATISTICS! 


(Metric tons of contained lithium) 


2008 2009 2010 2011 2012 
United States: 
Production W W W W W 
Exports? 1,450 919 1410 — 1,310 1,300 
Imports? 3,160 1,890 1,960 2,850 2,760 
Consumption" 2,300 1,300 1,100 2,000 ? 2,000 ? 
Rest of world, production" 27,200" 20,3007 28,2007 34,0007 36,600 _ 


“Estimated. "Revised. W Withheld to avoid disclosing company proprietary data. 
"Рага are rounded to no more than three significant digits. 

! Compounds. Source; U.S. Census Bureau. 

*Rounded to one significant figure to avoid disclosing company proprietary data. 
^Mineral concentrate, lithium carbonate, lithium chloride, and lithium hydroxide. 
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TABLE 2 
U.S. EXPORTS OF LITHIUM CHEMICALS, BY COMPOUND AND COUNTRY' 


2011 — om 
Gross weight Value” Gross weight Value” 
Compound and country (metric tons) — (thousands) (metric tons) — (thousands) 
Lithium carbonate: 

Bangladesh 9 $33 19 $45 
Belgium 150 1,130 12 113 
Canada 93 415 23 140 
China Е 9 31 51 367 

_ Denmark — 0 41 303 -- -- 
Dominican Republic 7 25 14 49 
Germany 657 3,540 810 4,920 
India 61 329 41 163 
Japan 1 4 37 194 
Korea, Republic of 101 486 20 133 
Mexico (4) 10 10 40 
Pakistan 101 619 -- -- 
Singapore -- -- 17 82 
United Kingdom 11 48 -- -- 
Other 16" 120 € 10 67 
Total __ 1,260 7,090 1,060 6,310 

Lithium carbonate, U.S.P.:? EN 

Canada -- -- 8 50 

. India 45 1,280 44 1,130 
Israel 2 54 2 63 
Japan 19 216 -- -- 

. Mexico (4) 107 132 129 
United Kingdom -- -- 11 166 
Other 3 105 ' 3 67 
Тога! 69 1,770 201 1,600 

Lithium hydroxide: 

Argentina 99 615 96 660 
Australia 53 380 54 446 
Belgium HN 467 2,070 496 2,980 
Canada PE 162 980 230 1,350 
Chile 3 34 19 101 
China 119 749 82 613 
Colombia Е 49 346 64 494 
__Ерур: P 73 469 73 523 
Germany 574 3,210 468 3,050 
India PM 20 107 43 359 
Japan 3,380 25,400 3,990 32,800 
.. Korea, Republic of I 264 1,720 132 1,100 
Mexico 396 1,260 39 495 
Peru 12 92 20 162 
_ Rusia  — — m 4] 242 -- = 
_ Saudi Arabia 41 252 36 245 
| Singapore | 38 264 66 706 
-South Africa и 34 418 2 206 
. Taiwan 223 1,470 281 2,010 
. Thailand _ | 304 1,770 206 1,390 
. Turkey -- ы 5 408 
Venezuela ç<  ć | -- -- 12 132 
Vietnam 44 292 8 64 
Other | 14° 154° 10 270 
To бю — 44300 — $440 35500 


"Revised. -- Zero. 

! Data are rounded to no more than three significant digits; may not add to totals shown. 
*Free alongside ship values. 

: Pharmaceutical-grade lithium carbonate. 

“Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 3 
U.S. IMPORTS FOR CONSUMPTION OF LITHIUM CHEMICALS, BY COMPOUND AND COUNTRY! 


2011 2012 
Gross weight Value? Gross weight Value? 
а = Compound and country (metric tons) (thousands) (metric tons) (thousands) 
Lithium carbonate: 
Argentina 6,430 $24,800 5,620 $23,900 
Chile 7,210 26,400 7,250 29,400 
China 801 4,160 299 1,650 
Japan (3) 17 29 80 
Other 15 58° -- 3 
Total 14,400 55,400 13,200 55,100 
Lithium carbonate, U.S.P.:° 
India 19 517 34 740 
Кају (3) 4 == — 
Tota! 19 522 34 740 
Lithium hydroxide: 
Chile 652 7,130 1,450 9,460 
China 32 182 115 682 
Finland 19 88 6 31 
Germany 14 942 (3) 5 
Јарап 10 109 Q) 3 
Norway 22 38 15 33 
United Kingdom 46 374 49 274 
Other 5 36 3 84 
Total 800 8,890 1,640 10,600 
"Revised. -- Zero. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
Custom value. 
Less than % unit. 
Source: U.S. Census Bureau. 
TABLE 4 
LITHIUM MINERALS AND BRINE: WORLD PRODUCTION, BY COUNTRY"? 
(Metric tons) 
нар. 2008 2009 2010 _ 2011 2012 
j bsurface brine: 
xl сот MERC НЕЕ 10,000 ' 8,600 ' 11,200 ' 10,000" __ 10,6007 
mU PEE 7,800 2,400 6,800 ' 4,600 ' AM 
239,528 197,482 421,396 456,92 


Australia, spodumene 


295,000 


T P 
Brazil, concentrates 14,460 15,929 157133. ОО 1300 
Brazil, concentrates С _ _ = E 
Canada, spodumene" : 22,000 10,000 LONE E 
i brine: Я 
Chile, subsurface brine; С 5000 . 
Lithium carbonate 48,469 25,154 44025 599 439. 
Lithium chloride 2362 2397 а MS == | 6,500 
Lithium hydroxide ,050 | 2,987 А 400 
AT SS — -——9— —Q] AR E 
mer lepidolite 34,888 37,359 40,102 37, т. w 
United States, subsurface brine W W T TE TTE - 53,000 Л 
Zimbabwe, amblygonite, eucryptite, lepidolite, petalite, and spodumene 50,000 50,000 „009 7 
"Estimated. "Preliminary. "Revised. W Withheld to avoid disclosing company proprietary data. -- Zero. 
Table includes data available through July 9, 2013. | 
2Estimated data аге rounded to no more than three significant digits. РТ basis 15 available 


1 ..: Ф • a . rted, 
31n addition to the countries listed, other nations may produce small quantities of lithium minerals, but output 1$ not repo 


for estimating production levels. 

*Reported figure. i | 
5Based on all Canada's spodumene concentrates (Tantalum Mining Corp. of Canada Ltd. 
China produces lithium carbonate from subsurface brine and concentrates. 


's Tanco property). 
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MAGNESIUM 


By E. Lee Bray 


Domestic survey data and tables were prepared by Paula R. Neely, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


Primary magnesium was produced by one company in 
the United States, and much of the U.S. demand was met by 
imports. Israel was the principal source of imported magnesium 
metal and alloys, and Canada accounted for 48% of the scrap 
imports, which have become an important source of supply. 
Aluminum alloying, diecasting, iron and steel desulfurization, 
and metal reduction were the principal applications for 
magnesium in the United States in 2012. Consumption of 
primary magnesium in the United States in 2012 decreased 
by 1196 [8,700 metric tons (t)] compared with that in 2011. 
Increased consumption of secondary magnesium offset the 
decline in primary magnesium consumption as production of 
secondary magnesium increased by 10,000 t (1596) compared 
with that in 2011. Estimated world production of primary 
magnesium was 802,000 t in 2012. China continued to dominate 
world production, accounting for 87% of the total (excluding 
the United States). Because of the continued imposition of 
antidumping duties, the quantity of pure magnesium imported 
from China to the United States was minimal. Israel was the 
leading supplier of imported pure metal (82%). China (33%) and 
Israel (2896) were the leading suppliers of magnesium alloys. 


Legislation and Government Programs 


The U.S. International Trade Commission (ITC) performed 
an expedited second sunset review of antidumping duties on 
imports of granular magnesium from China. In September, the 
ITC determined that revoking the country-wide antidumping 
duty of 305.5696 ad valorem would likely lead to continuation 
or recurrence of dumping of granular magnesium from China 
and ruled to continue the original antidumping duty. The ITC 
had issued the original antidumping duty order in 2001 and 
issued a continuation following the first 5-year review in 2007 
(U.S. International Trade Commission, 20122, b). 

The U.S. Department of Commerce, International Trade 
Administration (ITA), completed a preliminary review of 
antidumping duties on imports of granular magnesium from 
China for November 1, 2010, through October 31, 2011, for 
China Minmetals Non-Ferrous Metals Co. Ltd. (CMN). CMN 
reported that it had not shipped any of this material to the 
United States, but the deadline to report this to the ITA had 
passed. As a result, the ITA determined that CMN was not 
entitled to the separate rate that it had received in earlier reviews 
(24.67% ad valorem) and would be assessed duties at the 
China-wide rate of 305.5696 ad valorem (U.S. Department of 
Commerce, International Trade Administration, 2012c). 

The ITA revised its final decision regarding imports of 
pure magnesium from the Chinese firm Tianjin Magnesium 
International Co. Ltd. into the United States from May 1, 2006, 
through April 30, 2007, because the review was “tainted 
by fraud" based on the information originally submitted. In 
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December 2010, the ITA had originally calculated a dumping 
margin of 0.63% ad valorem, but amended the duty to 111.73% 
ad valorem (U.S. Department of Commerce, International Trade 
Administration, 2012b). 

In May, the U.S. Court of International Trade (CIT) denied 
an appeal from U.S. Magnesium LLC (Salt Lake City, UT) that 
contested a 2011 decision by the ITC to revoke antidumping 
duties on pure magnesium from Russia. In a 5-year sunset 
review of imports of magnesium from China and Russia, the 
ITC had determined that the duties on magnesium from China 
should be maintained, but the duties on magnesium from Russia 
should be discontinued. U.S. Magnesium challenged the ITC's 
decision not to cumulate imports from China and Russia. U.S. 
Magnesium said that they were used interchangeably, even 
though imports from Russia were mostly pure magnesium and 
imports from China were magnesium alloy. The CIT determined 
that, although there was some overlap in uses for the two, the 
interchangeability was limited (U.S. Court of International 
Trade, 2012). 

In December, the CIT reinstated an antidumping duty of 
15.77% ad valorem assessed on magnesium metal imported into 
the United States from Russia by VSMPO-Avisma Corp. during 
the period of April 1, 2006, through March 31, 2007. In the 
original ruling on the case, the 15.7796 rate had been imposed, 
but Avisma appealed and the rate was subsequently lowered 
to 8.5176 ad valorem by the CIT. However, that ruling was 
appealed to the U.S. Court of Appeals for the Federal Circuit, 
which ordered the CIT to reinstate the 15.77% rate 
(U.S. Department of Commerce, International Trade 
Administration, 20122). 

In 2011, the European Union, Mexico, and the United States 
filed а complaint with the World Trade Organization (УТО) 
concerning Chinese export taxes on several mineral products, 
including magnesium. The WTO ruled that the export taxes 
violated international trade agreements, and China appealed 
the ruling. The Appellate Body of the WTO rejected most of 
China's claims in the appeal, determining that China's export 
restraints on several raw materials, including magnesium, were 
inconsistent with China's WTO obligations. In December, 
the Government of China announced that it would remove 
the 1076 export tax on magnesium ingot and alloys beginning 
January 1, 2013 (American Metal Market, 2012; World Trade 
Organization, 2012; Yee, 2013b). 

In November, the U.S. Department of Justice and 
Pennsylvania's Department of Environmental Protection 
(DEP) filed suit in U.S. District Court to collect more than 
$1.13 million in cleanup costs from 17 entities that sent materia] 
to be recycled at Remacor Inc.'s defunct magnesium recyclin 
plant in West Pittsburg, PA. The plant had operated from 1975 
to 2005 when a fire destroyed some of its equipment. The suit 
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alleged that Remacor continued accepting magnesium from 
companies even though it could not process the material and that 
the company mislabeled and mishandled the material. Beginning 
in 2006, the DEP and the U.S. Environmental Protection Agency 
cleaned up the site, including removal of more than 2,700 t of 
waste, at a cost of $10.4 million (Frizell, 2012; Poole, 2012). 


Production 


U.S. Magnesium was the sole producer of primary magnesium 
in the United States. The company recovered magnesium 
electrolytically from brines from the Great Salt Lake in Utah 
at its plant in Rowley, UT. By July, U.S. Magnesium had 
completed ramping up a 21,500-metric-ton-per-year (t/yr) 
expansion, increasing the plant's capacity to 63,500 t/yr. 

A substantial portion of U.S. Magnesium's output from the 
expansion was to be supplied to Allegheny Technologies Inc.'s 
(Pittsburgh, РА) nearby titanium sponge plant. Magnesium 
chloride generated at the titanium sponge plant (from recovering 
titanium from titanium tetrachloride) was to be sent back to U.S. 
Magnesium's plant to be processed into magnesium metal and 
chlorine (Waite, 2012b). 

In January, Fundamental Research Corp. (Vancouver, 

British Columbia, Canada) announced that it had completed a 
preliminary economic assessment for Molycor Gold Corp.'s 
(Vancouver) Tami-Mosi magnesium project near Ely, NV. Based 
on mining 294,000 t/yr of dolomite, with an average grade of 
12.6% magnesium and а processing plant with a capacity to 
produce 30,000 t/yr of magnesium ingot, the capital cost would 
be about $425 million and the operating cost would be $1.28 per 
pound of magnesium. Molycor planned to begin commercial 
production in 2016. At a 12% cutoff grade, the company 
estimated an inferred resource of 412 million metric tons (Mt) 
with an average grade of 12.3% magnesium and containing 
more than 50 Mt of magnesium (Fundamental Research Corp., 
2012). In April, Molycor's name was changed to Nevada Clean 
Magnesium Inc. (Molycor Gold Corp., 2012). 


Consumption 


Data for magnesium metal are collected from two voluntary 
surveys of U.S. operations by the U.S. Geological Survey. Of 
the 59 companies canvassed for magnesium consumption data, 
46% responded, representing 54% of the magnesium-base | 
scrap consumption listed in table 2 and the primary magnesium 
consumption listed in table 3. Data for the 32 nonrespondents 
were estimated on the basis of prior-year consumption levels 

tors. 
grita у consumption in 2012 was about 1196 
less than that in 2011 (table 3), although this was attributed to 
increased use of secondary magnesium; secondary production 
increased by 15% compared with that in 2011. Use as a reducing 
agent for titanium and other metals accounted for 34% of | 
primary magnesium consumption, followed by use in aluminum 
alloys with 337^. Consumption of primary magnesium for 
diecasting, 1496 of the total, decreased by 55% from that in 
2011. Consumption of scrap for castings 11 2012 increased | 
dramatically, to 10,600 t from 324 t (table 2) in 201 1, offsetting 
most of the decreased primary magnesium use in castings. 
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The aluminum and magnesium diecasting firm, Spartan Light 
Metal Products Inc. (St. Louis, MO) announced that it planned 
to invest $12.5 million to add two new production lines at its 
Mexico, MO, facility by 2017. One production line would 
manufacture head covers and oil sumps for Volkswagen AG, 
and the other would make battery cases for General Motors 
Corp.’s (GM) electric vehicles. Spartan also expected to increase 
production of parts for Toyota Corp.’s vehicles (Long, 2012). 


Research and Development 


Considerable research and development work was taking place 
to adapt magnesium and its alloys for new applications. United 
Kingdom-based Magnesium Elektron (a subsidiary of Luxfer 
Group) developed a new family of alloys—Synermag®—that 
showed potential as a bioabsorbable material. The magnesium 
alloys were being evaluated for medical uses as orthopedic 
implants and vascular stents (Magnesium Elektron, 2012). 

GM, along with its partners Meridian Lightweight 
Technologies Inc. and The Ohio State University, received 
$2.7 million from the U.S. Department of Energy to develop 
an integrated supervacuum diecasting to produce thin-walled 
vehicle doors using a new magnesium alloy. The goal was to 
achieve a 5096 manufacturing energy savings compared to the 
multipiece, multistep, stamping and joining process currently 
used to manufacture car doors. By substituting magnesium for 
steel inner panels, car doors could weigh 60% less, resulting in 
fuel economy improvements and carbon emission savings 
(U.S. Department of Energy, 2012a). 

GM developed a new thermal-forming process and corrosion- 
resistance treatment for magnesium alloys, which would 
enable them to be used as an alternative to aluminum and steel 
for vehicle body panels. In GM's patented process, the alloy 
is heated to 450 °С, allowing the material to be molded into 
precise, rigid shapes. Using this process, GM developed а 
production-ready magnesium panel that would reduce weight by 
1 kilogram compared to a steel panel (Bomey, 2012; 

Katakis, 2012). 

The U.S. Department of Energy's Ames Laboratory was 
working to improve a process developed in the 1990s using 
magnesium to separate rare-earth metals from и 
boron magnet scrap. Because rare-earth metal prices were OW, 
the goal of the original process was to produce a по 
and neodymium alloy because the neodymium added imp 
strength to magnesium, rather than to separate high-pury 
rare earths. With the rapid increase in prices for dna в 
materials, the goal became ће separation of rare im = 
to recycle them for use in new magnets. During | е e B 
uncoated magnets that contain dysprosium, pepe је n 
praseodymium are heated in a radio са де ЕВЕ 
chunks of magnesium. As the magnesium me pi molten 
rare earths diffuse into the molten magnesium. ihe 

i :« cast into ingots, then 
magnesium-rare-earths mixture 15 ca arths 

, | : t the rare € 
magnesium 15 boiled off, leaving Jus 
(U.S. Department of Energy, 2012b). 
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Stocks 


Producers’ yearend 2012 stocks of primary magnesium were 
slightly lower than those at yearend 2011; producer stock data 
were withheld to avoid disclosing company proprietary data. 
Consumer stocks of primary and alloy magnesium were 4,580 t 
at yearend 2012, 6% less than the yearend 2011 level of 4,860 t. 


Prices 


At the beginning of 2012, the Platts Metals Week U.S. spot 
Western magnesium price range was $2.05 to $2.20 per pound. 
The price range increased to its high for the year at $2.15 to 
$2.30 per pound in early February where it remained until 
mid-July when the price range declined slightly to $2.15 to 
$2.25 per pound, where it remained until yearend. The average 
Platts Metals Week U.S. spot Western magnesium price in 2012 
was $2.20 per pound, about 8% less than the 2011 average of 
$2.40 per pound. 

Press reports indicated that aluminum producers had 
contracted for most of their magnesium requirements for 2013 
at $1.90 to $2.00 per pound in November. Other press reports 
indicated that prices for primary magnesium were from $1.95 to 
$2.05 per pound for contracts signed in October. Contract prices 
for secondary 90/10 alloy for 2013 delivery were reported to be 
$1.70 to $1.80 per pound (McBeth, 2012b; Waite, 2012a). 

During the first half of the year, magnesium prices in China 
ranged from $2,975 to $3,120 per metric ton. In July, the price 
increased to $3,300 per metric ton and then declined gradually 
to $3,220 per metric ton in November. The increase in July 
was mainly attributed to a shortage of coke gas in Shanxi and 
Shaanxi Provinces, the leading magnesium-producing areas in 
China (Leung and Yee, 2012). 


Foreign Trade 


Total U.S. magnesium exports for 2012 were 49% more than 
those in 2011 (table 5). Canada (32%), Mexico (26%), and 
Singapore (20%) were the principal destinations. Magnesium 
imports for consumption in 2012 were 5% more than those 
in 2011 (table 6). Israel (33%) was the principal source of 
magnesium imports, mostly metal, and Canada (23%) was the 
second ranked source of magnesium imports, mostly waste 
and scrap. Total net imports of magnesium were 10% less than 
those in 2011; net imports of metal and semifabricated products 
increased by 5% and 53%, respectively, and net imports of 
alloys and scrap decreased by 29% and 7%, respectively. 


World Review 


Australia.—Latrobe Magnesium Ltd. (Sydney, New 
South Wales) announced that it would reduce the size of its 
proposed primary magnesium plant in the Latrobe Valley, 
Victoria, to 5,000 t/yr from the initially planned 10,000 t/yr. 
This reduction was expected to lower the capital cost to about 
$40 million from $100 million. Latrobe Magnesium planned to 
extract magnesium metal from fly ash produced by coal-fired 
powerplants. Construction of the plant was scheduled to begin 
in July 2013, with production to begin a year later (Latrobe 
Magnesium Ltd., 2012). 
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China.— According to the China Non-Ferrous Metals 
Industry Association, magnesium production for the year was 
698,000 t, a 6% increase compared with that of 2011. The 
increased production was attributed to new smelters that were 
commissioned during the year. Several magnesium smelters 
were closed in the third quarter because of coke gas shortages, 
heavy rain, and hot temperatures (Leung and Yee, 2012). 
Magnesium production in China was 322,000 t in the first half 
of 2012, 8.5% lower than that in the first half of 2011, and 
through August, production was 430,000 t, about 15% less than 
that in the same period of 2011. However, production increased 
significantly during the fourth quarter resulting in a net increase 
for the year. Magnesium production has shifted to Shaanxi 
Province from Shanxi Province in recent years owing to lower 
energy costs as the result of using residual gas from coking 
operations as a fuel source. During the first half of the year, 46% 
of the output was from Shaanxi Province, 31% from Shanxi 
Province, and 12% from Ningxia Province (Chao, 2012a; Platts 
Metals Week, 2012a). CM Group estimated that the cost of 
magnesium production in Shaanxi Province averaged $1,973 per 
metric ton compared with $2,614 per metric ton in other regions 
(McBeth, 201 2a). 

Taiyuan Yiwei Magnesium Co, Ltd. produced 30,000 t of 
magnesium in 2012, far below its capacity of 134,000 t/yr. 
Shortages of coking gas, low magnesium prices, and weak 
demand for magnesium exports were cited for the reduced 
production level. Taiyuan Yiwei planned to increase production 
to 40,000 t in 2013 (Shair, 2013). 

In October, Jinxin Magnesium Co. Ltd. (a subsidiary of 
Baotou Tianhong Magnesium Co. Ltd.) restarted production 
from its 20,000-t/yr smelter in Inner Mongolia Province. The 
smelter was shut down in 2008 owing to low prices. Baotou 
Tianhong Magnesium announced that its 20,000-t/yr Baotou 
smelter would be shut down gradually as production at the 
Jinxin smelter was ramped up, citing obsolete equipment at 
Baotou as the reason for its closure (Chao, 2012c). 

China’s Shaanxi Fugu Tianyu Mineral Industrial Group Co. 
Ltd. commissioned its 30,000-t/yr magnesium production line 
in Shaanxi Province, during the fourth quarter of 2012 and 
planned to complete the rampup in the first quarter of 2013. 
The expansion increased Tianyu’s capacity to 45,000 t/yr from 
15,000 t/yr (Platts Metals Week, 2012c; Yee, 2013c). 

In August, Gansu Tianyuan Magnesium Co. Ltd. started 
construction of a magnesium alloy smelter in Gansu Province. 
Capacity and expected completion of the smelter were not 
available (Chao, 2012b). 

In December, Hebi Mingyuan Magnesium Ltd. started 
construction of a 55,000-t/yr magnesium plant. The plant, in 
Hebi, Henan Province, was expected to be completed in the 
second half of 2014 (Shair, 2012). 

Qinghai Salt Lake Magnesium Co. Ltd. was constructing a 
100,000-t/yr smelter to produce magnesium from lake brines 
in Golmud, Qinghai Province. Expansion to 150,000 t/yr was 
planned. During the fourth quarter of the year, Magontec 
Ltd. (Sydney) started construction of a 56,000-Џуг foundry 
in Golmud to be supplied with molten magnesium from the 
adjacent smelter. Schedules for both projects were not available 
(Magontec Ltd., 2012a). 


Korea, Republic of.—1n October, POSCO Co. Ltd. (Pohang) 
began magnesium ingot shipments from its newly constructed 
10,000-t/yr Okgye plant in Gangneung, Gangwon Province, 
using dolomite from nearby mines as feedstock. POSCO 
planned to expand the primary magnesium plant's capacity 
to 100,000 t/yr by 2018. Output from the Okgye plant would 
supply POSCO’s 3,000-t/yr magnesium sheet plant in Suncheon, 
Jeollanam Province, and South Korean magnesium diecasting 
companies. POSCO also was constructing a new 10,000-t/yr line 
to produce 2,000-millimeter-wide plate at the Suncheon plant, 
which was expected to be in commercial production by August 
2013. This plate, the widest in the world, was expected to be 
used by South Korean automobile manufacturers. POSCO also 
completed the development of a magnesium automobile front 
seat frame and was marketing the frame to South Korean auto 
manufacturers. The company planned to develop a magnesium 
rear seat frame by March 2013 (Japan Metal Bulletin, 2012; 
Platts Metals Week, 2012b; POSCO Co. Ltd., 2012). 

Malaysia.—CVM Minerals Ltd. (Hong Kong) continued 
to ramp up production at its plant in Perak, which began 
production late in 2011. Maintenance issues slowed the rampup 
of the smelter, and production was not expected to reach full 
capacity until mid-2013 (Yee, 2012a, b; 2013a). 

Romania.—Magontec completed construction of secondary 
magnesium plant in Santana to serve its customers in eastern 
Europe. Production started in the second quarter of the year 
(Magontec Ltd., 2012b). 


Outlook 


U.S. magnesium consumption was expected to be dependent 
upon the production of metal alloys containing magnesium, — 
the production of metals that consume magnesium during their 
production process, and the demand for magnesium die-cast 
products. Magnesium consumption in 2012 was approaching 
its prerecession 2008 level, and a recovering economy could 
result in magnesium consumption returning to or exceeding 
this level. However, a significant ae of U.S. Vias = 

i ill depend on its use in aluminum alloys, an 
ome asinis ойда through May 2013 was 5% less 
than that in the same period of 2012. During 2013, two primary 
aluminum smelters shut down а total of 220,000 t/yr of capacity, 
which was likely to result in decreased domestic magnesium use 
in aluminum alloying. Use of magnesium in the Kroll process 
of titanium production was expected to increase as the use of 
titanium in aerospace applications increased, such as in The 
Boeing Co.'s 787 Dreamliner passenger jet. Magnesium use 
in the production of beryllium also was expected to increase 

i up of a new beryllium smelter in Ohio that was 
nis е in 2011. However, consumption of magnesium for 
are tion of iron and steel was expected to decline because 
Musei production was 6% less during the first half of 
AR pe of 2012 (World Steel Association, 2013). 

s e of magnesium in diecasting was expected to 

| ith increased automobile production and increased 

olor e use. Domestic automobile production during the 

d s 2012 increased by 5.4% compared with production 

x ye half of 2011 (Ward's Automotive Group, 2013). 

p и pm in automobiles was expected to increase as 
agn 
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manufacturers replace steel automotive body parts with lighter 
materials to increase fuel efficiency. Some manufactures were 
switching to die-cast magnesium and aluminum-magnesium 
alloys for additional automotive parts. 

Most of the growth in magnesium use in the past two decades 
resulted from its increased use in automotive applications 
because of its light weight, and any increase in automobile 
manufacturing would be expected to result in an increase in the 
use of magnesium. However, because of the limited number of 
producers outside of China, domestic automotive manufacturers 
may be less likely to choose magnesium than other lightweight 
materials, such as plastic, because Chinese producers have 80% 
of global primary magnesium capacity, and antidumping duties 
assessed on magnesium imported from China deters imports 
from China. The limited supply from producers outside China 
was one of the reasons that the U.S. automotive industry had 
been reluctant to use magnesium for many years. Аз a result of 
the downturn in the U.S. economy and the limited number of 
suppliers of magnesium, at least six large diecasting facilities 
have closed since 2008. 

Analysts projected that global primary magnesium 
consumption would increase by 6.6% per year from 2012 
through 2016 and by 7.196 per year from 2017 through 2026. 
China's consumption, which was forecast to increase by 12% 
per year in 2012-16, was expected to account for the majority of 
the increase. Production was expected to keep up with demand 
as about 190,000 t/yr of additional primary magnesium capacity 
was under construction in China, and additional capacity may 
come onstream in Australia, Canada, the Middle East, and the 
Republic of Korea (McBeth, 20124). 

Exports of magnesium from China were expected to increase 
during 2013 compared with exports in 2012 following removal 
of the export tax in 2012, and as producers expanded capacity 
and restarted capacity that was idled owing to shortages of 
coke gas in 2012. Export growth, however, was expected to be 
limited by continued weak demand from overseas markets. 


References Cited 


American Metal Market, 2012, Asian giant nixes export taxes oe in МТО 
case: American Metal Market, v. 119, no. 51-3, December 19, р. І : ЭРЕ 
Bomey, Nathan, 2012, GM researchers have way to use onn in plac 
steel, aluminum: Detroit [MI] Free Press, October 24. (Accesse 
October 24, 2012, at http://www.freep.com/article/2012 (02ARUSIN 
3 10240025/GM-researchers-have-way-to-use-magnesium-in-place- 
aluminum.) | | cdd: 
Chao, Mikeala, 2012a, China Jan-Jun magnesium production vid set E 
Pages, July 25. (Accessed July 30, 2012, via http://www.me Lan ra 
Chao, Mikeala, 2012b, Gansu Tianyuan breaks ground for pear е? 
industrial park: Metal-Pages, August 17. (Accessed September 14, , 
http://www.metal-pages.com/.) ми | 
Chao, Mikeala, 2012c, Inner Mongolia Jinxin to start ped 
on October 20: Metal-Pages, October 8. (Accessed October 
http://www.metal-pages.com/.) | T 
Frizell Samuel, 2012, EPA sues 17 firms to ro Vid cost: Amen 
16, p. 9. 
Metal Market, v. 119, no. 46-5, November ТХУ: МОК, 
Fundamental Research Corp., 2012, Molycor Gold Corporation M D. mnsgnesium 
Frankfurt: MI V, OTCPK: MLYFF )—Positive PEA Hs де сз 
project: Fundamental Research Corp., January 19,1 nd ШРАЙМОК/ 
February 7, 2012, at http://www.researchfre.com/resea 
MOR Update - January 2012.pdf.) on of world 
Japan Metal Bulletin, 2012, POSCO to start ts. (Accessed 
widest Mg plate for vehicles: Japan Metal pen -om/?p-19501.) 
February 6, 2012, at http://www.japanmeta u . 


um production 
12, 2012, via 


2 
RBOOK—20! 
U.S. GEOLOGICAL SURVEY MINERALS YEA 


и 


Katakis, Мапоћ, 2012, GM pioneers magnesium sheet metal forming 
process: GM Authority.com, October 23. (Accessed August 26, 2013, at 
http://gmauthority.com/blog/2012/1 0/gm-pioneers-magnesium-sheet-metal- 
forming-process/.) 

Latrobe Magnesium Ltd., 2012, LMG reduces capital costs for Latrobe Valley 
magnesium plant to $35—40m: Sydney, New South Wales, Australia, Latrobe 
Magnesium Ltd. press release, July 23, 2 p. (Accessed August 1, 2012, at 
http://www. latrobemagnesium.com/docs/announcements 2012/ 

Img reduces cap costs 23-jul-12.pdf.) 

Leung, Joshua, and Yee, Alvin, 2012, More Chinese magnesium shutdowns have 
small effect on price: Platts Metals Week, v. 83, no. 32, August 6, p. 1, 13-14. 

Long, Kimberly, 2012, Spartan Light Metal Products: Mexico [MO] Ledger, 
March 28. (Accessed May 7, 2012, at http://www.mexicoledger.com/ 
topstories/x1440914730/Spartan-Light-Metal-Products.) 

Magnesium Elektron, 2012, Magnesium Elektron announces development of 
bioabsorbable alloys: Manchester, United Kingdom, Magnesium Elektron 
press release, March 27. (Accessed June 21, 2012, at http://www.magnesium- 
elektron.com/news-article.asp?ID—54.) 

Magontec Ltd., 2012a, Magontec's Golmud plant—New sources for magnesium 
alloy production: Sydney, New South Wales, Australia, Magontec Ltd. 
press release, June. (Accessed November 8, 2012, at http://magontec.com/ 
magontec/index.php?navID=55.) 

Magontec Ltd., 2012b, New plant for magnesium recycling in Romania: Sydney, 
New South Wales, Australia, Magontec Ltd. press release, April. (Accessed 
November 8, 2012, at http://magontec.com/magontec/index.php?navID=55.) 

McBeth, Karen, 2012a, Chinese consumption drives global magnesium 
demand—Analysts: Platts Metals Week, v. 83, no. 22, May 28, p. 3. 

McBeth, Karen, 2012b, US spot magnesium slow; 2013 contracts at $2: Platts 
Metals Daily, v. 1, по. 28, December 7, p. 6-7. 

Molycor Gold Corp., 2012, Molycor announces change of company name 
to Nevada Clean Magnesium Inc.: Vancouver, British Columbia, Canada, 
Molycor Gold Corp. press release, April 16. (Accessed August 6, 2013, at 
http://www.nevadacmi.com/molycor-announces-change-of-company-name- 
to-nevada-clean-magnesium-inc/.) 

Platts Metals Week, 2012a, Chinese magnesium output varies: Platts Metals 
Week, v. 83, no. 42, October 15, p. 12-13. 

Platts Metals Week, 2012b, Posco's Mg plant on track for June: Platts Metals 
Week, v. 83, no. 18, April 30, p. 10. 

Platts Metals Week, 2012c, Tianyu to open new magnesium lines: Platts Metals 
Week, v. 83, no. 17, April 23, p. 10. 

Poole, Eric, 2012, DOJ, DEP seeking $1.13M in Remacor cleanup: Ellwood 
City [PA] Ledger, November 14. (Accessed November 14, 2012, at 
http://www.ellwoodcityledger.com/news/local_news/doj-dep-seeking-m-in- 
remacor-cleanup/article_3d3d39a5-cc93-5485-aal b-c2b29cebb | ab.html.) 

POSCO Co. Ltd., 2012, Conference inviting magnesium refining clients: Seoul, 
Republic of Korea, POSCO press release, October 26. (Accessed 
October 31, 2012, at http://www.posco.co.kr/homepage/docs/eng2/jsp/ 
prcenter/news/s91c101001 51 јѕр.) 

Shair, Wendy, 2012, Hebi Mingyuan starts building magnesium plant: Platts 
Metals Daily, v. 1, no. 35, December 18, p. 7. 

Shair, Wendy, 2013, Yiwei plans 2013 magnesium output at 40,000 mt: Platts 
Metals Daily, v. 2, no. 8, January 11, p. 7-8. 

U.S. Court of International Trade, 2012, Slip Op. 12-64: U.S. Court of 
Intemational Trade, May 16, 13 p. (Accessed August 7, 2012, at http://www. 
cit.uscourts.gov/SlipOpinions/Slip_op12/12-64.pdf.) 

U.S. Department of Commerce, International Trade Administration, 2012a, 
Magnesium metal from the Russian Federation—Notice of reinstated final 
results of administrative review pursuant to court decision: Federal Register, 
у. 77, по. 239, December 12, р. 73979-73980. 

U.S. Department of Commerce, International Trade Administration, 2012b, Pure 
magnesium from the People’s Republic of China—Notice of court decision 
not in harmony with final results and notice of amended final results: Federal 
Register, v. 77, no. 94, May 15, p. 28570-28571. 

U.S. Department of Commerce, International Trade Administration, 2012c, 

Pure magnesium in granular form from the People’s Republic of China— 
Preliminary results of antidumping duty administrative review: Federal 
Register, у. 77, no. 149, August 2, p. 46030-46033. 

US. Department of Energy, 2012a, Energy Department announces new 
Investments in innovative manufacturing technologies: U.S. Department of 
Energy news release, June 12. (Accessed June 12, 2012, at http://energy. 
gov/articles/energy-department-announces-new-investments-innovative- 
manufacturing-technologies-0.) 


MAGNESIUM—2012 


Google 


U.S. Department of Energy, 2012b, U.S. Department of Energy’s Ames 
Laboratory improving process to recycle rare-earth materials: Ames, IA, U.S. 
Department of Energy news release, October 24. (Accessed 
October 25, 2012, at http://www.ameslab.gov/news/news-releases/ 
reclaiming-rare-earths. ) 

U.S. International Trade Commission, 2012a, Pure magnesium from China— 
Institution of a five-year review: Federal Register, v. 77, no. 21, February 1, 
p. 5049—5052. 

U.S. International Trade Commission, 2012b, USITC makes determination in 
five-year (sunset) review concerning pure magnesium (granular) from China: 
U.S. International Trade Commission news release, September 12. (Accessed 
September 28, 2012, at http://www.usitc.gov/press_room/news_release/2012/ 
er0912kk1.htm.) 

Waite, Suzy, 2012a, Magnesium mating season in full swing: American Metal 
Market, v. 119, no. 45-2, November 6, p. 6. 

Waite, Suzy, 2012b, U.S. Mag run rate increases as Utah expansion finished: 
American Metal Market, v. 119, no. 28-3, July 11, p. 11. 

Ward's Automotive Group, 2013, North America production summary, 

June 2013: Detroit, MI, Ward's Automotive Group news release, July 15. 
(Accessed August 6, 2013, at http://wardsauto.com/datasheet/ 
north-america-production-summary-june-2013.) 

World Steel Association, 2013, Crude steel production: Brussels, Belgium, 
World Steel Association, July 22. (Accessed August 6, 2013, at http://www. 
worldsteel.org/statistics/crude-steel-production.html.) 

World Trade Organization, 2012, Dispute settlement—Dispute DS394 China— 
Measures related to the exportation of various raw materials: World Trade 
Organization, January 30. (Accessed February 17, 2012, at http://www.wto. 
org/english/tratop_e/dispu_e/cases_e/ds394_e.htm#bkmk394abr.) 

Yee, Alvin, 2012a, CV Minerals sees 2012 magnesium ingot output at 5,000 mt: 
Platts Metals Week, v. 83, no. 15, April 9, p. 15-16. 

Yee, Alvin, 2012b, CVM takes Malaysia magnesium plant offline, delays 
ramp-up: Platts Metals Week, v. 83, no. 2, January 9, p. 9. 

Yee, Alvin, 2013а, Malaysia's CVM eyes March restart after plant upgrades: 
Platts Metals Daily, v. 2, no. 14, January 21, p. 7. 

Yee, Alvin, 2013b, Spot FOB China magnesium trades thin, inquiries slow: 
Platts Metals Daily, v. 2, no. 12, January 17, p. 6. 

Yee, Alvin, 2013c, Tianyu eyes tripling of magnesium ingot output in 2013: 
Platts Metals Daily, v. 2, no. 17, January 24, p. 6. 


GENERAL SOURCES OF INFORMATION 


U.S. Geological Survey Publications 


Historical Statistics for Mineral and Material Commodities in 
the United States, Data Series 140. 

Magnesian Refractories. Ch. in United States Mineral 
Resources, Professional Paper 820, 1973. 

Magnesium. Ch. in Mineral Commodity Summaries, annual. 

Magnesium. Mineral Industry Surveys, quarterly. 

Magnesium, Its Alloys and Compounds. Open-File Report 
01—341, 2001. 

Magnesium (Mg). Ch. in Metal Prices in the United States 
Through 2010, Scientific Investigations Report 2012-5188, 
2013. 

Magnesium Recycling in the United States in 1998. Circular 
1196—E, 2004. 


Other 


American Metal Market, daily. 

Economics of Magnesium Metal, The (10th ed.). Roskill 
Information Services Ltd., 2008. 

Magnesium. Ch. in Mineral Facts and Problems, U.S. Bureau of 
Mines Bulletin 675, 1985. 

Magnesium and Magnesite in the CIS in 1996. Roskill 
Information Services Ltd., 1996. 

Metal Bulletin. 

Platts Metals Week. 


45.5 


TABLE ] 
SALIENT MAGNESIUM STATISTICS! 


(Metric tons unless otherwise specified) 


2008 2009 


2010 


2011 2012 

United States: 

. Production: 
__ Primary magnesium W W W W W 
Secondary magnesium 88,400 68,600 72,000 ' 67,200 ' 71,200 
Exports 14,400 19,600 14,800 12,300 16,900 
Imports for consumption 83,300 47,300 52,700 48,400 47,000 
Consumption, primary 72,000 ' 53,200" 56,600 * 80,600 ' 71,900 
Yearend stocks, producer W W W W W 
Yearend price? dollars per pound 3.05~3.25 2.20-2.40 2.35-2.50 2.05-2.20 2.15-2.25 
World, primary production* 670,000 590,000 " 747,000 ° 757,000 ' 802,000 


“Estimated. "Revised. W Withheld to avoid disclosing company proprietary data. 


'Data are rounded to no more than three significant digits. 


*Source: Platts Metals Week. 


MAGNESIUM RECOVERED FROM SCRAP PROCESSED IN THE 
UNITED STATES, BY KIND OF SCRAP AND FORM OF RECOVERY! 


TABLE 2 


(Metric tons) 


2011 2012 
. KIND OF SCRAP 
New scrap: 
Magnesium-base 10,200 ' 18,000 
Aluminum-base 32,900 ' 34,000 
Total Ш 43,100" 52,000 
Old scrap: <A 
Magnesium-base 1,210 1,210 
Aluminum-base 22,800 24,000 
Total 24,100 25,200 
Grand total 67,200 ' 77,200 
FORM OF RECOVERY. 
Magnesium alloy ingot? W W 
Magnesium alloy castings | 324 ' 10,600 
Aluminum alloys u 63,800 ' 65,000 
Other i 3,000" _ 1,510 
Total 67,200" | 1 77200 


‘Revised. W Withheld to avoid disclosing company proprietary data; included in “Other.” 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
2Includes secondary magnesium content of both secondary and primary alloy ingot. 
3Includes chemical and other dissipative uses, cathodic protection, and data indicated 

by symbol W. 
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TABLE 3 


U.S. CONSUMPTION OF PRIMARY MAGNESIUM, BY USE! 


(Metric tons) 
Use 2011 2012 
For structural products: 
. Castings: 
Die 22,500 10,100 
Permanent mold 193 ' 186 
Sand 498 475 
Wrought products? 3,720 ' 1,920 
Тога! 26,900 12,700 
For distributive ог sacrificial purposes: 
Aluminum alloys 25,400 ' 23,500 
_ Cathodic protection (anodes) 876 921 
Iron and steel desulfurization 6,430 8,120 
Nodular iron 457 472 
Reducing agent for titanium, zirconium, hafnium, uranium, beryllium 18,800 * 24,100 
Other 1,720 2,090 
Total 53,700 ' 59,200 
Grand total 80,600 " 71,900 
"Revised. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
?Includes sheet and plate and forgings. 
3Includes chemicals and scavenger, deoxidizer, and powder. 
TABLE 4 
YEAREND MAGNESIUM PRICES 
Е 2011 2012 
U.S. spot dealer import dollars per pound 2.05-2.15 1.90-2.00 
U.S. spot Western do. 2.05-2.20 2.15-2.25 
China dollars per metric ton 3,000-3,050 3,150-3,190 
European free market do. 3,125-3,200 3,100-3,300 


do. Ditto. 


Source: Platts Metals Week. 
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Country 
2011: 
Brazil 
Canada 
Mexico 
Singapore 
United Kingdom 
Other 
Total 
2012: 
Brazil 
Canada 
Mexico 
Singapore 
United Kingdom 
Other 
Total 
-- Zero. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


TABLE 5 


U.S. EXPORTS OF MAGNESIUM, BY COUNTRY! 


Waste and scrap 


Powder, sheets, tubing, 


Quantity Value 
(metric tons) (thousands) 
233 $747 
1,160 2,780 
35 35 
255 400 
1,680 3,960 
510 1,540 
1,270 3,140 
4 10 
103 122 
215 475 
2,100 5,290 


Source: U.S. Census Bureau. 


Metal 
Quantity Value 
(metric tons) (thousands) 
1,590 $4,800 
70 239 
3,440 8,620 
11 22 
411 926 
5,520 14,600 
550 2,120 
2,530 8,830 
83 179 
3,660 9,840 
18 36 
188 406 
7,020 21,400 


TABLE 6 
U.S. IMPORTS FOR CONSUMPTION OF MAGNESIUM, BY COUNTRY! 


Alloys ribbons, wire, other forms 
Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) 
148 $553 8 $300 
1,540 6,140 260 4,530 
1,310 5,220 154 1,740 
20 67 44 879 
100 380 470 15,000 
382 2,180 684 13,200 
3,500 14,500 1,620 35,600 
805 9,590 7 275 
2,450 9,490 286 5,360 
3,270 13,300 113 1,660 
-~ -- 18 434 
81 287 484 14,700 
700 3,640 964 17,700 
7,310 36,300 1,870 40,100 


ce ca _____-________ AL ILL II с нса ine MU ier n E 
Powder, sheets, tubing, 
ribbons, wire, other forms, 


County — 


2011: 


ON БЕ 4 ee Б 


Canada 
China 


па NATUR с=з us 


Israel 


ЧОМ аш Е 


Kazakhstan 
Mexico 

_ Mexico. _—_ —— 
Russia 


Other 


Ohr ______ 
Total 
2012: ______-- 


__Сапада ____- 


China 


Спа _ — — 
Israel 


_ Kazakhstan _____ 


© Russia 
Other 
Total 


-- Zero. 


—— 


! Data are rounded to no more 


?Less than # unit. 


Source: U.S. Census Bureau. 


A 


Waste and scrap Metal | Alloys, magnesium content magnesium content 
Quantity yae Quantity Value Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) — (metric tons) (thousands) 
11,400 $21,200 9 $50 975 $4,220 74 $3,100 
1 5 65 449 2,960 8,440 400 3,150 
-- -- 12,100 58,400 2,560 13,700 E -- 
-- -- 409 1,740 5s - E -- 
1,680 3,160 -- -- 3 16 444 3,690 
== -- 470 1,720 -- — (2) 10 
1,640 4,440 -- -- 888 13,200 15 1,040 
7,240 20,000 1,250 6,560 3,790 14,900 41 1,840 
22,000 48,700 14,300 68,900 11,200 54,600 974 12,800 
9,990 19,700 755 1,160 1,070 5,040 6 (oM 
| 1 3 56 426 4,180 11,700 246 2,2 | 
(2) 2 13,300 58,400 3,550 17,700 a й 
-- -- 585 2,150 -- -- 
1,960 5,020 -- -- 59 191 561 e 
| -- -- 833 2,800 58 320 2 О 
2,400 7,060 4 18 892 14,400 ed 
6,570 16,000 729 4,130 2,920 12,200 AD TET 
20,900 47,800 16,200 69,100 12,700 61,500 
than three significant digits; may not add to totals shown. 
—2012 
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TABLE 7 
WORLD ANNUAL PRIMARY MAGNESIUM 
PRODUCTION CAPACITY, DECEMBER 31, 2012! 


(Metric tons) 
Country Capacity 
Brazil 22,000 
China 1,150,000 
India 900 
Israel 34,000 
Kazakhstan 30,000 
Korea, Republic of 10,000 
Malaysia 15,000 
Russia 80,000 
Serbia 5,000 
Ukraine 15,000 
United States 63,500 
Total 1,430,000 
‘Includes capacity at operating plants as well as at plants on 
standby basis. 
TABLE 8 


MAGNESIUM: ESTIMATED PRIMARY WORLD PRODUCTION, BY COUNTRY"? 


MAGNESIUM—2012 


(Metric tons) 

Country 2008 2009 2010 2011 2012 

Brazil 15,000 16,000 16,000 16,000 16,000 
Canada 2,000 3 = -- -- = 
China 559,000 501,000 654,000 661,000 698,000 
Israel 32,051 4 19,405 4 23,309 * 26,284 "4 27,000 
Kazakhstan 21,000 21,000 21,000 21,000 21,000 
Korea, Republic of -- -- B — 2,500 
Malaysia - -- -- 200 ^^ 5.000 
Russia? 37,000 29,000 ' 29,000 ' 29,000 ' 29,000 
Serbia 1,500 1,500 1,500 1,500 1,500 
Ukraine 2,000 2,000 2,000 2,000 2,000 
United States W W W W W 
Total 670,000 590,000 "€ 747,000 ' 757,000 "€ 802,000 


Revised. W Withheld to avoid disclosing company proprietary data; not included in "Total." -- Zero. 
World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


"Table includes data available through July 12, 2013. 


"Includes secondary. 
^Reported figure. 
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MAGNESIUM COMPOUNDS 
By E. Lee Bray 


Domestic survey data and tables were prepared by Paula R. Neely, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


Although domestic steel production increased by 2.5% in 
2012 compared with that in 2011 (World Steel Association, 
2013b) and domestic shipments of refractory (dead-burned) 
magnesia increased slightly, net imports for consumption and 
apparent consumption of refractory magnesia in the United 
States declined by more than 2096 each, suggesting consumers 
used stocks previously imported. Domestic caustic-calcined 
magnesia shipments decreased slightly from those in 2011, 
imports for consumption were 3% higher, and apparent 
consumption was unchanged. China was the main source of 
dead-burned magnesia and caustic-calcined magnesia imports, 
accounting for 55% of the imports of each. About 69% of 
U.S. magnesium compounds production came from seawater 
and well and lake brines. The remainder was recovered from 
dolomite, magnesite, and olivine. 

World production of magnesite decreased by 1296 in 2012 to 
23.1 million metric tons (Mt). China, with 69% of the total, was 
the world's leading magnesite producer. 


Legislation and Government Programs 


The U.S. Department of Commerce, International Trade 
Administration, was conducting an administrative review of its 
antidumping and countervailing duties, which were established 
in 2010, on imports of magnesia-carbon brick from China 
between September 1, 2011, and August 31, 2012. A preliminary 
determination was expected in June 2013 (U.S. Department of 
Commerce, International Trade Administration, 2012). 


Production 


Domestic shipments of caustic-calcined magnesia decreased 
slightly and magnesium sulfate shipments increased slightly 
(table 3). Magnesium hydroxide shipments were 1196 lower, 
attributed to the closure of Premier Magnesia, LLC's plant at 
Port St. Joe, FL, which was permanently shut down in 2011 
(O’Driscoll, 20124). 

Data for magnesium compounds were collected by the U.S. 
Geological Survey (USGS) from one voluntary survey of 
U.S. operations. Of the 11 operations canvassed, 8 responded, 
representing 98% of the magnesium compounds shipped 
and used, including data for some compounds that were not 
reportable in table 3. Data for the three nonrespondents were 
estimated on the basis of prior-year production levels. 

Fused magnesia was produced by one company in the 
United States; UCM Magnesia Inc. [a subsidiary of UCM Group 
ple (Stafford, United Kingdom)] operated a plant in Cherokee, 
AL. Olivine Corp., the only company in the United States 


to produce olivine, operated a mine and processing plant in 
Washington. 
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Great Salt Lake Minerals Corp. [a subsidiary of Compass 
Minerals International, Inc. (Overland Park, KS)] completed the 
initial phase of an expansion project, installing new technology 
to increase the efficiency of its solar evaporation ponds near the 
Great Salt Lake in Utah. Magnesium chloride brine production 
capacity increased to 750,000 metric tons per year (t/yr) from 
550,000 t/yr, and further expansion was planned to increase its 
total magnesium chloride brine production capacity to 1 million 
metric tons per year (Mt/yr) by 2015. The company's production 
was marketed mainly for deicing applications (Compass 
Minerals International, Inc., 2011; 2013, p. 5, 9, 38). 


Consumption 


In 2012, environmental applications (water treatment and 
stack-gas scrubbing) remained the largest tonnage end use for 
domestic producer shipments of caustic-calcined magnesia, 
with 43% of the total. The other major end-use sectors for 
caustic-calcined magnesia (with the individual components 
in descending order of consumption in parentheses) were 
agriculture (animal feed and fertilizers), 3296 and chemical 
intermediates, 2396. The remaining categories combined had 
2% of the total use—manufacturing (rubber and electrical), 
construction (primarily oxychloride and oxysulfate cements), 
and medicines and cosmetics. 

Magnesium hydroxide was used for water treatment, as a 
chemical intermediate, in medicines and pharmaceuticals, and in 
fertilizer (in descending order of quantity). Magnesium sulfate 
was used mostly for chemicals, fertilizer, rubber, pulp and paper, 
pharmaceuticals, and water treatment (in descending order of 
quantity). Magnesium chloride was used mainly for ice control. 
Magnesium chloride brines were used for road dust and ice 
control. 


Foreign Trade 


Dead-burned and fused magnesia exports in 2012 were 1194 
less than exports in 2011. South Africa (4396) and Canada (2896) 
were the principal destinations. Caustic-calcined magnesia 
exports were 6% less than those in 2011. Mexico (91%) was the 
main destination (table 4). 

Imports of dead-burned and fused magnesia were 24% 
less than those in 2011, although data reported by the World 
Steel Association (2013b) indicated that U.S. steel production 
increased by 2.5% from 2011 to 2012 suggesting that stocks 
of dead-burned and fused magnesia refractory products were 
relied upon by steel producers. In 2011 imports of dead- 
burned and fused magnesia increased by 1994 while steel 
production increased by only 7% from those in 2010, possibly 
indicating accumulation of inventories during 2011. Imports 
of dead-burned and fused magnesia from China were 55% of 
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the total, followed by Brazil (1794), Ukraine (796), and Russia 
(576). Imports of caustic-calcined magnesia were 394 more than 


those in 2011. China (5596), Canada (32%), and Australia (11%) 
remained the leading sources (table 6). 


World Review 


The largest capacity magnesite processing facilities in the 
world are in China and Russia. These countries accounted for 
about two-thirds of world magnesia from magnesite production 
capacity. Japan, the Netherlands, and the United States 
accounted for about 52% of the world's magnesia production 
capacity from seawater or brines. Fused magnesia was produced 
in Australia, Brazil, China, Iran, Israel, Japan, the Republic of 
Korea, Mexico, Norway, Russia, Turkey, the United Kingdom, 
and the United States. World production capacity for fused 
magnesia increased by about 175,000 t/yr during 2012. World 
production capacity for dead-burned magnesia was 8.5 Mt/yr. 

Norway has been the world's principal producer and supplier 
of olivine. Other producers include Australia, Austria, Brazil, 
China, Greece, Italy, Japan, the Republic of Korea, Mexico, 
Spain, Taiwan, Turkey, and the United States. Roberts (2008) 
estimated that total world production of olivine in 2008 was 
8.4 Mt, although the total was likely smaller in 2012 with mine 
closures, particularly in Greenland and the United States, which 
resulted from the global economic downturn in 2008—09. 

Australia.—In April, SCR Sibelco N.V. (Antwerp, Belgium) 
acquired Queensland Magnesia Pty. Ltd. (ОМАО) (Toowong, 
Queensland) which had a 300,000-t/yr caustic-calcined 
magnesia plant in Parkhurst, Queensland, supplied by a 
600,000-t/yr magnesite mine at Kunwarara, Queensland. QMAG 
continued work on converting a mothballed cement plant at 
Rockhamption, Queensland, purchased in 2011 from Cement 
Australia Pty. Ltd., to produce 100,000 t/yr of caustic-calcined 
magnesia. The plant was expected to come onstream by 2013 | 
and would increase QMAG's total magnesia production capacity 
to 400,000 t/yr (O’Driscoll, 2011, 2012 Queensland Magnesia 

., 2012). 
i cen VS NL [a subsidiary of Beacon Hill 
Resources plc (London, United Kingdom)| conducted а | 
preliminary scoping study of the Arthur River magnesite project 
in Tasmania. A feasibility study was planned for a 292,000-t/yr 
magnesite mine and an adjacent 100,000-t/yr caustic calcined 
magnesia plant. The Arthur River magnesite и has an 
inferred resource estimate of 25 Mt grading 42.4% MgO 
(Beacon Hill Resources ple, 2012). | 

Archer Exploration Ltd. (Wayville, South Australia) was 
exploring a series of magnesite deposits near Leigh Creek, ; 
South Australia. If feasible, Archer could develop a 3 15,000-t yr 
mine and processing facility to produce 150,000 t/yr of E 
calcined magnesia. Samples collected had an average grade o 
41.3% MgO (Archer Exploration Ltd., 20122, b). 

Austria. —RHI AG (Vienna) was upgrading its т 

esia-chrome refractory plant in Trieben. The project wou 
Win capacity to 63,000 t/yr of magnesia refractories from 
erts, 2012). 
an Magnesita Refratários S.A. (Contagem) 
commissioned a fourth 60,000-t/yr furnace in Brumado, : 
increasing capacity of the plant to 240,000 t/yr of dead-burne 
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magnesia production from magnesite (Magnesita Refratários 
S.A., 2012, p. 8, 11, 12). 

Canada.—In July, Karnalyte Resources Inc. (Calgary, 
Alberta) released a prefeasibility study for a proposed 
magnesium chloride and potash solution mining project at 
Wynyard, Saskatchewan. Karnalyte planned to develop the 
carnallite-sylvite mineral deposit to produce 100,000 t/yr 
of magnesium chloride brine (32% MgCL), 104,000 t/yr of 
hydromagnesite, and 625,000 t/yr of potash. In September, 
Karnalyte signed a construction agreement for the processing 
facility and submitted its environmental impact statement 
for review by the Saskatchewan Ministry of Environment 
(Karnalyte Resources Inc., 2012a, b, c). 

In March, Globex Mining Enterprises Inc. (Rouyn- 
Noranda, Quebec) announced results of a preliminary 
economic assessment of its Timmins talc-magnesite project 
in Deloro Township, Ontario. Globex proposed to develop 
a mine to produce approximately 260,000 t/yr of magnesite 
to be processed into 125,000 t/yr of magnesia, in addition to 
125,000 t/yr of talc. A feasibility study was expected to be 
conducted in 2013 (Globex Mining Enterprises Inc., 2012). | 

China.—At the beginning of the year, China set its annual 
export quota for caustic-calcined and dead-burned magnesia at 
1.23 Mt for 2012, the same as the 2011 quota (O’Driscoll and 
Roberts, 2012). However, export quotas for caustic-calcined | 
and dead-burned magnesia for the second half of 2012 were cut 
owing to low exports during the first half of the year, and the | 
revised total 2012 export quotas were 15.6% lower than those in 
2011 (O'Driscoll, 2012b). 

Iran.—1ran Refractories Procurement & Production Co. | 
(IRRPCO) (Tehran) was building a fused magnesia plant 
in Sarbishe to supply customers in Iran’s cement and steel 
industries. The plant would have a capacity of 5,000 t/yr of 
fused magnesia when completed in the first half of 2013. 
IRRPCO already had capacity to produce 45,000 t/yr of dead 
burned magnesia and 10,000 t/yr of caustic calcined magnesia at 
Sarbishe. Magnesite mined near Sarbishe was the raw material 

d by IRRPCO (O’Driscoll, 2012e). | 
о Industries Mining and Manufacturing | 
В.У. (Veendam) was drilling a new well to recover magnesium 
salts and increase dead-burned magnesia production аы 
to 200,000 “уг from 160,000 t/yr at its Veendam Н | 
2013. The facility also had the capacity to produce 100,00 и 
of magnesium chloride, 5,000 Џуг of caustic-calcined А » 
and 5,000 Џуг of magnesium hydroxide (O"Driscoll, 2 : ч . 

Norway.—In November, RHI opened a new 85,000- А " 
fused magnesia plant in Porsgrunn. The plant used OD) 
recovered from sea water as its feedstock (RHI AG, 2 па 

Russia.—1n February, Magnezit Group (Moscow) pun 
the first stage of a new complex near Razdolinsk, Krasnoy | o А 

. . ireitei osit. The first stag 
to mine magnesite from the Kirgiteisk dep сосот 
the project included construction of the mine, | с 
caustic calcined magnesia plant, and a 50,000- A eh 
magnesia plant. Additional capacity Se ibt to 200,000 tyr. 
completed in 2015 that would expan O0 tyr of fused ma onesia 
of caustic-calcined magnesia and 150,0 | уг 
(Magnezit Group, 20124; O’Driscoll, 20122). 


—20U 
RBOOK 2 
U.S. GEOLOGICAL SURVEY MINERALS YEA 


Magnezit was constructing a 100,000-t/yr multiple- 
hearth furnace to produce dead-burned magnesia in Satka, 
Chelyabinsk. When completed, the plant's capacity for 
dead-burned magnesia would increase to 130,000 t/yr. An 
80,000-t/yr high-temperature shaft kiln was also being 
constructed to process briquetted calcined magnesia. In addition, 
five electric fusion furnaces, each with a capacity of 10,000 t/yr 
of fused magnesia, were being installed at the Satka plant 
(Magnezit Group, 2012b, c). 

Turkey.—In January, Kobin Madencilik İnşaat ve Ticaret A.Ş. 
acquired Kümaş Kütahya Manyezit İşletmeleri A.Ş. (Kütahya) 
for $285.5 million. Kobin expanded the fused magnesia capacity 
at the Kütahya facility to 52,500 t/yr from 17,500 t/yr by 
yearend 2012. Kobin was also building a new 80,000-t/yr rotary 
kiln to expand caustic-calcined and dead-burned magnesia 
capacities at the facility, to 265,000 t/yr from 185,000 t/yr 
(O'Driscoll, 2012a, c, g). 

Akdeniz Minerals Kaynaklari A.S. [a subsidiary of Grecian 
Magnesite S.A. (Athens, Greece)] completed a new rotary 
furnace at its plant at Kumbet, in the Eskisehir area, doubling 
the caustic-calcined magnesia production capacity to 32,000 t/yr. 
Commercial production from the new furnace started in January 
(Watts and Feytis, 2012). 

RHI completed a new 70,000-t/yr rotary kiln in Tutluca during 
the third quarter of the year, increasing dead-burned magnesia 
capacity to approximately 140,000 t/yr (RHI AG, 20122). 


Outlook 


According to the World Steel Association (2013b), world 
crude steel production reached a record 1.55 billion metric tons 
in 2012, an increase of 1.2% compared with that of 2011. China 
continued to be the leading steel-producing nation, accounting 
for 46.3% of the global total in 2012. In the first 4 months of 
2013, world steel production continued to increase slightly, with 
production 1.9% more than that in the comparable period of 
2012 (World Steel Association, 20132). 

А sustained increase in steel production in China, which 
increased by 8.4% in the first 4 months of 2013, could lead 
to more internal consumption of magnesia-based refractories, 
increased or sustained barriers to export, and less magnesia 
available for the export market, although China has extensive 
magnesite deposits that could be developed. However, 
development of magnesite deposits in Australia and Canada 
and recent expansion of processing capacity in Australia, 

Brazil, Iran, the Netherlands, Norway, Russia, and Turkey may 
increase supplies of magnesium compounds outside of China. 
Previous expansions have been driven by the desire of refractory 
producers to have captive supplies of magnesium compounds 

to lessen dependence on supplies from China, a trend that is 
expected to continue. 

Because caustic-calcined magnesia is used in a wide variety 
of applications, the economic downturn did not affect U.S. 
consumption as significantly as consumption of refractory 
Magnesia, which was directly tied to the performance of the 
US. steel industry. Magnesium hydroxide continued to be used 
mainly in environmental applications, but interest in magnesium 
hydroxide flame retardants also was increasing. Substitution of 
Magnesium hydroxide for halogenated flame retardants in some 
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plastics, for which there is concern about corrosiveness and 
toxicity of smoke and other emission products, could increase 
its use. The use of magnesium compounds in agricultural feed 
products was expected to increase, as the value of magnesium as 
a nutrient gains more attention. 

Carbon sequestration is gaining world attention as a method 
to reduce greenhouse gas emissions into the atmosphere. 
Magnesium-based minerals, particularly brucite and olivine, 
were being investigated as minerals that are naturally capable of 
sequestering carbon dioxide, which is emitted by burning fossil 
fuels and other human activities, and transforming the gas into 
a geologically stable carbonate. If this technology were to be 
developed commercially, it could represent a new market for 
these minerals. 
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TABLE 1 
SALIENT MAGNESIUM COMPOUND STATISTICS! 


(Thousand metric tons and thousand dollars) 


2008 2009 2010 2011 2012 
United States: 
Caustic-calcined and specified magnesias: 
Shipped by producers: 
Quantity 170 147 162 155 152 
Value 52,700 42,200 47,000 48,800 46,000 
Exports* 1 | (5) (5) (5) 
Imports for consumption" 167 126 127 111 114 
Refractory magnesia: 
Shipped by producers: 
Quantity W W W W W 
Value W W W W W 
Exports 22 8 9 18 16 
Imports for consumption 386 151 323 384 292 
World, production of magnesite 21,200 : 18,400 ' 21,300 € 26,100 ' 23,100 * 


"Estimated. "Revised. W Withheld to avoid disclosing company proprietary data. 
‘Data are rounded to по more than three significant digits. 

Excludes caustic-calcined magnesia used in the production of refractory magnesia. 
*Includes magnesia used by producers. 

*Caustic-calcined magnesia only. 

?Less than М unit. 


TABLE 2 
U.S. MAGNESIUM COMPOUND PRODUCERS, BY RAW MATERIAL SOURCE, LOCATION, AND PRODUCTION CAPACITY, IN 2012! 


(Metric tons, MgO equivalent) 


Raw material source and producing company Location Capacity Products 

Magnesite, Premier Magnesia, LLC Gabbs, NV 140,000 — Caustic-calcined magnesia. 

Lake brines: 
Great Salt Lake Minerals Corp. Ogden, UT 185,000 Magnesium chloride and magnesium chloride brines. 
Intrepid Wendover-Potash, LLC Wendover, UT 45,000 Magnesium chloride brines. 

Well brines, Martin Marietta Magnesia Manistee, MI 314,000 — Caustic-calcined magnesia, dead-burned magnesia, and 
Specialties, LLC magnesium hydroxide. 

Seawater: mE 

__ South Bay Salt Works Chula Vista, CA 3,000 Magnesium chloride brines. 
SPI Pharma, Inc. Lewes, DE 5,000 Magnesium hydroxide. 
Total 692,000 


і ыс лл с ет 
Data are rounded to no more than three significant digits; may not add to total shown. 


TABLE 3 
U.S. MAGNESIUM COMPOUNDS SHIPPED AND USED! 


LL A————— SCHO 


2011 2012 
Quantity Value Quantity Value 

(metric tons) (thousands) (metric tons) (thousands) 
Caustic-calcined and specified (USP and technical) magnesias” 155,000 $48,800 152,000 $46,000 
Magnesium hydroxide [100% Mg(OH);] 199,000 120,000 176,000 89,400 
Magnesium sulfate, anhydrous and hydrous 50,600 22,500 51,900 24,300 
Refractory magnesia W W W | W 
W Withheld to avoid disclosing company proprietary data. 


Data are rounded to no more than three significant digits, 
2 a . • LJ 
Excludes material produced as an intermediate step in the manufacture of other magnesium compounds. 
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ТАВГЕ 4 


U.S. EXPORTS OF CRUDE AND PROCESSED MAGNESITE, BY COUNTRY! 


Material and country 
Caustic-calcined magnesia: 

China 
India 
Mexico 
Peru 
Other 

Total 


Dead-burned and fused magnesia: 


Brazil 
Canada 
China 
Germany 
Korea, Republic of 
Mexico 
Saudi Arabia 
South Africa 
Taiwan 
Turkey 
Venezuela 
Other 

Total 

Other magnesia: 

Brazil 
Canada 
China 
France 
Germany 
India 
Korea, Republic of 
Mexico 
Netherlands 
Spain 
Taiwan 
Venezuela 
Other 

Total 

Crude magnesite: 

Argentina 
Australia 
Brazil 
Canada 
Egypt 
Germany 
Iceland 
Mexico 
Panama 
Thailand 
Trinidad and Tobago 
United Kingdom 
Venezuela 
Other 

Total 


2011 


Quantity 


(metric tons) 


91 
25 


873 

9,170 

48 

118 

783 
960' 

17,900 


954 
2,850 
465 
672 
1,290 
642 
429 
782 
1,310 
629 
1,960 
661 
3,080 
15,700 


835 
879 
175 
1,540 
307 
208 
1,820 
208 
1,270 
876 
783 
412 
8,580 
509 ' 
18,400 


2012 


Value Quantity 
(thousands) ^ (metric tons) 


5,550 

54 

128 

385 
1,210 ' 

12,700 


1,100 
3,150 
956 
657 
1,080 
728 
393 
713 
996 
569 
1,790 
472 
4,800 
17,400 


109 
161 
23 
251 
40 
27 
264 
27 
167 
115 
103 
56 
1,130 
73 ' 
2540 __ 


а ро L1. ee Р 


"Revised. -- Zero. 


132 
4,500 
122 
719 
268 
574 
453 
6,810 
30 

79 
1,080 
1,140 


449 
2,660 
945 
382 
811 
569 
464 
1,770 
834 
367 
2,070 
48 
3,350 
14,700 


515 
315 


5.210 


toten TET : | shown. 
'Data are rounded to no more than three significant digits; may not add to totals 


Source: U.S. Census Bureau. 
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Value 
(thousands) 


15,900 
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ТАВТЕ 5 
U.S. EXPORTS OF MAGNESIUM COMPOUNDS! 


2011 2012 
Quantity Value Quantity Value 
Material (metric tons) (thousands) (metric tons) (thousands) Principal destinations in 2012 
Magnesium chloride, anhydrous and other 10,100 $6,520 10,300 $6,880 Canada, 91%. 
Magnesium hydroxide and peroxide 18,500 14,900 22,900 19,600 Canada, 48%; United Kingdom, 11%; Sweden, 10%. 
Magnesium sulfate, natural kieserite and epsom salts 654 1,820 211 587 Mexico, 58%; Canada, 21%; Saudia Arabia, 15%. 
Magnesium sulfate, other 13,300 5,030 12,100 4,720 Canada, 96%; Italy, 2%; Brazil, 2%. 
'Data are rounded to no more than three significant digits. 
Source: U.S. Census Bureau. 
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ТАВГЕ 6 


U.S. IMPORTS FOR CONSUMPTION OF CRUDE AND PROCESSED MAGNESITE, ВУ COUNTRY' 


Material and country 
Caustic-calcined magnesia: 

Australia 
Canada 
China 
Hong Kong 
Israel 
Turkey 
United Kingdom 
Other 

Total 


Dead-burned and fused magnesia: 


Australia 
Austria 
Brazil 
China 
Germany 
Greece 
Israel 
Japan 
Mexico 
Netherlands 
Russia 
Spain 
Turkey 
Ukraine 
Other 
Total 
Other magnesia: 
Australia 
Brazil 
Canada 
China 
Israel 
Japan 
Mexico 
Russia 
Slovakia 
Spain 


Other 
Total 


Crude magnesite: 
Brazil 
China 
France 
Hong Kong 
Israel 


Japan 
United Kingdom 
Other 
Total 
‘Revised. -- Zero. 


!Data are rounded to no more than three significant di 


Source: U.S. Census Bureau. 
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2011 
Quantity 
(metric tons) 


13,200 
39,900 
56,500 


485 ' 
111,000 


26,500 
27,700 
220,000 
8 

4,700 
3,370 
2,280 
1,630 
3,060 
43,100 
8,130 
4,530 
38,100 
210 
384,000 


1,220 
227 
5,020 
1,190 
982 
6,310 
20 
1,970 
11,600 
237 ' 
28,700 


360 
187 
60 
8,210 
1,220 
172 
990 
390 


De ev op aera 


11,600 — 


2012 
Value Quantity Value 

(thousands) (metric tons) (thousands) 
$3,930 12,100 $2,720 
17,700 36,100 16,300 
17,900 62,900 15,200 
-- 1,150 283 

123 797 145 

316 611 372 

~- 2 10 

359 " 580 411 
40,300 114,000 35,500 
16,100 2,320 1,660 
-- 13,100 5,290 
15,100 50,400 23,600 
136,000 160,000 96,600 
48 34 121 
2,540 2,600 1,340 
11,200 3,330 11,900 
9,630 1,640 4,230 
1,190 468 , 533 
2,080 7,060 4,730 
16,600 15,800 6,040 
2,430 8,150 2,280 
2,270 7,340 5,470 
17,000 19,100 13,100 
1,560 _ 23] 939 
234,000 292,000 178,000 
-- 1,660 3,390 

7,130 3,670 1,520 
76 232 100 

924 3,710 1,710 
3,160 1,700 4,800 
3,040 1,020 2,540 
5,310 5,410 4,760 

8 1,490 539 

775 1,300 568 
4,510 5,600 2,370 
822' 156 И 
416 350 301 
235 6,380 1,040 

73 60 124 
2,620 4,940 1,100 
1,120 510 347 
242 399 709 

882 931 1,240 
207 i E 
5790 140 $E 

gits; may not add to totals shown. 
L SURVEY MINE 
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Magnesium chloride, anhydrous and other 
Magnesium hydroxide and peroxide 
Magnesium sulfate, natural epsom salts 
Magnesium sulfate, natural kieserite 
Magnesium sulfate, other 

"Revised. 


TABLE 7 
U.S. IMPORTS FOR CONSUMPTION OF MAGNESIUM COMPOUNDS!' 


!Data are rounded to no more than three significant digits. 


Source: U.S. Census Bureau. 


2011 2012 
Quantity Value Quantity Value 

(metric tons) (thousands) (metric tons) (thousands) 
75,600 $22,100 53,800 $17,100 
6,110 17,800 5,070 13,700 

2,400 818 ' 2,870 1,160 
15,200 302 32,900 2,370 
20,100 11,900 24,300 14,800 

TABLE 8 


Principal sources in 2012 
Israel, 7096; Netherlands, 16%. 
Austria, 35%; [sreal, 29%; Netherlands, 16%. 
China, 9994. 
Germany, 100%. 
Germany, 34%; China, 32%; Mexico, 19%. 


WORLD MAGNESIUM COMPOUNDS ANNUAL PRODUCTION CAPACITY, 


DECEMBER 31, 2012"? 


(Thousand metric tons, MgO equivalent) 


Raw material 


Magnesite 
Caustic- Dead- 
Country calcined burned 
Australia 218 110 
Austria __ 76 325 
Brazil 96 380 
Canada 100 Ey 
China 1,440 2,740 
France за 25 
Greece 90 110 
India 20 202 
Шап č 25 40 
Ireland | 22 ne 
Israel es ac 
Italy 25 25 
Јарап z: z 
Jordan = as J 
Korea, Noth 25 100 
Mexico "un zs - 
Netherlands Е _ z 2: 
Norway zs us 
Poland -- 10 
Russia 200 2,400 
Saudi Arabia 39 32 
Serbia — | - 35 
Slovakia | o -- 465 
South Africa 12 -- 
Spain E 150 70 
Turkey 66 504 
Ukraine _ | 5 -- 120 
United States 140 -- 
Тога! 2,720 7,640 
-- Zero. 


Caustic- 
calcined 


Seawater or brines 
Dead- 
burned 


Total 

-- 328 
-- 401 
-- 428 
-- 100 
-- 4,180 
-- 30 
-- 200 
-- 222 


526 
11,400 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes capacity at operating plants, as well as at plants on standby basis. 
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Country 
Australia 
Austria, crude 
Brazil, beneficiated 
Сапада“ ^ 
China" 
Colombia 
Greece, crude 
Guatemala 
India‘ 
Iran 
Korea, North? 
Pakistan 
Poland, concentrate 


Russia" 


Slovakia, concentrate 


South Africa 
Spain, calcined 
Turkey, run-of-mine 
United States 
Zimbabwe 

Total 


MAGNESITE: WORLD PRODUCTION, BY COUNTRY? 


2008 
126,000 
837,476 
421,333 
140,000 

15,600,000 
38,000 * 
361,165 
11,758 
350,000 
115,987 
150,000 
3,500 
60,000 
1,200,000 
807,000 
83,900 
187,626 ' 
677,784 
W 
2,549 
21,200,000 ' 


TABLE 9 


(Metric tons) 


2009 
344,000 
544,716 
409,909 
140,000 

13,000,000 
380,834 ' 
17,247 
340,000 
130,575 ' 
150,000 
3,918 ' 
47,000 
1,000,000 
800,000 " 
47,600 
163,930 ' 
861,180 
W 
449 
18,400,000 ' 


2010 
275,000 
751,063 
483,882 
150,000 

14,000,000 


396,000 ' 


г 


-= 


345,000 
126,702 " 
150,000 
8,330 " 
63,000 ' 
1,200,000 
800,000 ' 
27,700 ' 
195,893 " 
2,316,763 ' 
W 


re 


21,300,000 ' 


2011 
300,000 
867,912 ^? 
476,805 "> 
150,000 

19,000,000 " 
300,000 

arp 
350,000 
130,000 ' 
150,000 
7,000 ' 
60,000 ' 
1,200,000 
600,000 
31,900 "3 
200,000 "° 
2,300,000 ' 
W 


T 


26,100,000" — 23,100,000 


2012 
300,000 
870,000 
480,000 
140,000 

16,000,000 
300,000 
500 
355,000 
125,000 
150,000 
7,500 
60,000 
1,200,000 
600,000 
31,000 
200,000 
2,300,000 
W 


Estimated. ‘Revised. W Withheld to avoid disclosing company proprietary data; not included in “Total.” -- Zero. 

! World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
?Figures represent crude salable magnesite. In addition to the countries listed, Bulgaria produced magnesite, but 
output is not reported quantitatively, and available information is inadequate for formation of reliable estimates of 


output levels. Table includes data available through August 30, 2013. 


?Reported figure. 


^Magnesitic dolomite and brucite. 
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MANGANESE 
By Lisa A. Corathers 


Domestic survey data and tables were prepared by Hodan A. Fatah, statistical assistant, and the world production tables 
were prepared by Glenn J. Wallace, international data coordinator. 


In 2012, U.S. manganese apparent consumption was 
estimated to be 843,000 metric tons (t) on a contained-weight 
basis, a 21% increase from that in 2011 (table 1). The increase 
in apparent consumption was primarily a result of increased 
ferromanganese imports in 2012 compared with those in 2011. 
Manganese apparent consumption in 2012 had recovered to the 
pre-economic crisis level in 2008. 

Manganese exports decreased by 1496 to 17,100 t compared 
with those of 2011, based on the typical manganese content of 
the manganese ferroalloys and manganese metal, as calculated 
from data in table 4 and at an estimated 50% for manganese 
ore. Manganese imports decreased by 8% on a content basis 
to 830,000 t compared with those of 2011, based on U.S. 
Census Bureau data for manganese ore, ferromanganese, and 
silicomanganese, and the stoichiometric ratios for manganese 
dioxide, manganese metal, and potassium permanganate. 

In 2012, the annual average domestic contract price of ore 
decreased by 23% from that in 2011. The annual average 
international benchmark price of metallurgical-grade ore 
decreased by about 29%, based on quarterly contract prices 
between Australian producers and Japanese consumers in 2012. 
Average U.S. spot-market prices for high- and medium-carbon 
ferromanganese and manganese metal decreased from those in 
2011 by 6%, 16%, and 18%, respectively (table 1). The average 
spot-market price for silicomanganese increased by 6% from 
that in 2011. 

The Defense Logistics Agency Strategic Materials, U.S. 
Department of Defense, disposed of (sold) 7,711 t of high- 
carbon ferromanganese. As a result, the amount of manganese 
materials in the National Defense Stockpile (NDS) at yearend 
2012 decreased slightly (content basis) compared with that in 
2011, leaving an inventory that was about two-fifths the U.S. 
manganese apparent consumption in 2012. 

World production of manganese ore in 2012 increased slightly 
on a gross-weight and a contained-weight basis compared with 
the amounts in 2011. China and South Africa were the leading 
producers of manganese ore on a gross-weight and a contained- 
weight basis, respectively (table 8). Combined world production 
of ferromanganese and silicomanganese increased slightly to 
17.8 million metric tons (Mt) on a gross-weight basis compared 
with the revised amount in 2011 (table 9). China was the leading 
producer of these manganese ferroalloys. 

Manganese is essential to iron and steel production by 
virtue of its sulfur-fixing, deoxidizing, and alloying properties. 
Steelmaking, including its ironmaking component, accounted 
for most of the reported domestic manganese consumption, 
currently in the range of 80% to 90% of U.S. apparent 
consumption. Among a variety of uses, manganese is a key 
component of certain widely used aluminum alloys and is used 
In oxide form in dry cell batteries. 
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Legislation and Government Programs 


Public Health.—In September, the Agency for Toxic 
Substances and Disease Registry (ATSDR) issued a public 
health statement on manganese. Topics covered in the statement 
include a description of manganese and its primary uses, what 
happens to manganese when it enters the environment, how 
humans may be exposed to manganese, ways to measure the 
amount of manganese in humans, how families can reduce the 
risk of exposure to manganese, and the Federal Government 
regulations and recommendations for human health protection. 
The ATSDR subsequently issued a fact sheet on manganese 
in October (Agency for Toxic Substances and Disease 
Registry, 2012 a, b). 

Stockpile. —The Annual Materials Plan (AMP) for fiscal year 
2012 that DLA issued on October 6, 2011, covered the period 
from October 1, 2011, through September 30, 2012. Under 
this AMP, the maximum disposal authority for manganese 
materials was 90,718 t each for metallurgical-grade manganese 
ore and high-carbon ferromanganese (DLA Strategic Materials, 
2011). The maximum disposal authority under an AMP is the 
maximum quantity of material that may be disposed of in a 
given fiscal year as authorized by Congress (table 2). 

For calendar year 2012, the DLA disposed of (sold) 7,711 t 
of high-carbon ferromanganese. The amount of high-carbon 
ferromanganese and metallurgical-grade manganese ore that was 
in the NDS at yearend was 348,000 t and 292,000 t, respectively 
(gross weight). The estimated manganese content of this 
combined material was 368,000 t, which was slightly less than 
the revised amount contained at yearend 2011 (375,000 t). 


Exploration and Development 


In August, American Manganese Inc. (White Rock, British 
Columbia, Canada) amended its base case for its Artillery 
Peak electrolytic manganese metal (EMM) project (Mohave 
County, AZ) in response to the British Columbia Securities 
Commission's review of the project prefeasibility report 
dated June 28, 2012. As a result, the EMM project was 
deemed to be uneconomic, having no manganese reserves 
that met the Canadian Institute of Mining, Metallurgy, and 
Petroleum definition of mineral reserves. However, the 
company announced plans to adapt its U.S.-patent-pending 
hydrometallurgical process to produce chemical manganese 
dioxide (CMD) and electrolytic manganese dioxide (EMD) for 
use in battery manufacturing. In October, rechargeable lithium 
ion batteries were developed from CMD that was produced by 


the company's pilot-plant operations (American Manganese 
Inc., 2012, 2013). 
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Production 


Ore and Concentrate.—The only mine production of 
manganese in the United States consisted of negligible amounts 
of manganiferous material (clays or schists) having a manganese 
content of less than 5%. This material was produced in South 
Carolina for use in coloring brick. 

Chemicals, Ferroalloys, and Metal.—Production statistics 
for these materials were withheld to avoid disclosing company 
proprietary data. Domestic producers of manganese ferroalloys, 
metal, and synthetic dioxide are listed in table 3. In March, 
Eramet Marietta Inc. switched one of two high-carbon furnaces 
to silicomanganese production at its Marietta, OH, ferroalloys 
plant to meet contractual obligations (Metal-Pages, 2012c). 


Consumption and Stocks 


In 2012, U.S. manganese apparent consumption was estimated 
to be 843,000 t (table 1). Metallurgical applications account for 
most domestic manganese consumption, 80% to 90% of which 
has been for steelmaking. Reported consumption (gross weight) 
of ferromanganese and silicomanganese increased by 2676 
and 41%, respectively, from that in 2012 (table 4). Reported 
manganese metal consumption in 2012 increased by 17% 
compared with that in 2011. Because of incomplete reporting 
to the U.S. Geological Survey (USGS) voluntary consumption 
survey, the figures in table 4 represent only a portion of 
actual consumption. 

Based on the apparent consumption of ferromanganese, 
manganese metal, and silicomanganese, on a gross-weight basis, 
manganese alloy unit consumption in steelmaking was estimated 
by the USGS to be about 8.6 kilograms per metric ton (kg/t) or 
about two times the reported consumption in 2012. This level 
was 26% more than the quantity of 6.8 kg/t estimated for 2011, 
and was predominantly a result of an increase in ferromanganese 
apparent consumption. The increase in the ferromanganese 
apparent consumption was attributable to the increase in high- 
carbon ferromanganese imports in 2012 compared with those 
in 2011. 

Relatively small quantities of manganese were used for 
alloying with nonferrous metals, chiefly in the aluminum 
industry as manganese-aluminum briquettes that typically 
contained either 75% or 85% manganese. Manganese plays an 
important alloying role in aluminum applications to increase 
corrosion resistance. The leading use of aluminum-manganese 
alloys is in the manufacture of beverage cans. Other uses 
include, but are not limited to, aircraft, automobiles, cookware, 
radiators, and roofing (Roskill Information Services Ltd., 

200). 

— NT amounts of manganese were used | 
domestically in animal feed, brick coloring, dry cell batteries, 
fertilizers, and шараас АН. Mp i с 

nmetallurgical applications ot manga 
(Roskill Information Services Ltd., 2008, p. 206—229). The 
source of manganese units for these applications was mainly 
gu ЕЕ domestic consumption of manganese ore 
Ко slightly to 538,000 t, while corresponding yearend 
stocks decreased by 1994 to 203,000 t, compared with the 
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revised amounts in 2011 (table 1). Apparent consumption of 
manganese ore on a gross-weight basis in 2012 was about 
552,000 t, which excluded any manganese ore consumed 
directly by ironmaking and steelmaking plants. The USGS 
excludes reporting by these operations to avoid disclosing 
company proprietary information. The discrepancy between 
apparent and reported consumption represented incomplete 
reporting to the USGS voluntary consumption survey. 

Data on domestic consumption of manganese ore, exclusive 
of that consumed by the steel industry, are collected by means of 
the “Manganese Ore and Products" survey. In 2012, eight firms 
were canvassed that process ore or had processed ore in the past 
by such methods as grinding and roasting, or that consume it in 
the manufacture of dry cell batteries and manganese chemicals, 
ferroalloys, and metals. Of those eight companies, all consumed 
manganese ore in their processes in 2012. The collective 
consumption of these firms was considered to constitute all the 
manganese ore consumption in the United States, exclusive of 
that consumed directly by the steel industry. Full-year responses, 
or a basis upon which to estimate these data, were obtained from 
all these firms for 2012. 


Prices 


There were significant decreases in annual average manganese 
material prices, except for that of silicomanganese, in 2012 from 
those in 2011 because of abundant supplies on the U.S. market. 
The increase in the average silicomanganese price coincided 
with concerns over production cuts in South Africa and 
Australia in February coupled with reduced silicomanganese 
exports to the United States from several countries (Brazil, 
China, India, Kazakhstan, Ukraine, and Venezuela) because of 
assessed antidumping duties (CRU Bulk Ferroalloys Monitor, 
2012, p. 11). 

Manganese Ore.—The USGS estimated the annual U.S. 
average contract price of metallurgical-grade ore containing 
46% to 48% manganese was $6.04 per metric ton unit (mtu). 
This was a 23% decrease compared with that in 2011, which 
followed the 29% decrease in the annual average international 
benchmark price for this grade of ore, as negotiated between 
Japanese consumers and Australian producers (Australian 
Bureau of Resources and Energy Economics, 2014, p. 121). 
The only spot-market prices reported for manganese ore were 
for deliveries to China. In 2012, the average spot-market price 
for metallurgical-grade ore containing 46% manganese based 
on weekly averages of China’s cost and freight transaction 
prices as reported by Ryan’s Notes was $4.84 per mtu; this 
was a 15% decrease from the revised amount of $5.72 per mtu 
in 2011. This decrease was attributable to high manganese оге 
inventories at China's ports, which were reported to be oe 
2.4 Mt at yearend (TEX Report, The, 2013а). The price о! 

1 metric ton of ore (gross weight) is obtained by or ned 
the mtu price by the percentage manganese content y m с , 
for example, by 46 when the manganese content is 46. А 
ore market consisted of a number of submarkets because eT 
differences in ore-quality requirements by end n 
production, blast furnace ironmaking, and manufacture 9 
manganese chemicals. 
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Manganese Ferroalloys and Metal. —Prices for manganese 
ferroalloys tend to vary in response to changes in demand 
by the steel and ferrous foundry industries, while those of 
manganese metal predominantly follow changes in demand 
by the aluminum industry. Manganese ferroalloy prices are 
also influenced by changes in the product mix of the world's 
suppliers because various manganese ferroalloys are largely 
interchangeable with each other. 

Annual average import prices for manganese ferroalloys are 
given by Platts Metals Week. These prices are based on free 
market spot prices per unit of measurement, duty-paid in U.S. 
warehouse. Annual average import prices were $1,230.72 per 
gross (long) ton for high-carbon ferromanganese, 91.30 cents 
per pound for medium-carbon ferromanganese, and 63.25 cents 
per pound for silicomanganese. These prices were 6% and 16% 
lower for high-carbon and medium-carbon ferromanganese, 
respectively, compared with those of 2011. The silicomanganese 
average price was 6% higher than that of 2011. The annual 
average price for manganese metal is based on weekly averages 
of North American transaction prices published by Ryan's Notes 
for bulk shipments of manganese metal, f.o.b. (free on board) 
producing point or Chicago, IL, or Pittsburgh, PA, warehouse. 
The annual average North American transaction price for 
manganese metal was 149.7] cents per pound, which was an 
18% decrease compared with that of 2011. 

According to Platts Metals Week, the price range for high- 
carbon ferromanganese containing 78% manganese, per gross 
ton, began the year at $1,100 to $1,150 and ended the year at 
$1,070 to $1,100, for a 4% net decrease. The average high- 
carbon ferromanganese price peaked at $1,347.50 towards the 
end of March. The price range, per pound of manganese, for 
medium-carbon ferromanganese with a manganese content 
of 80% to 85% and a nominal carbon content of 1.5% began 
the year at 90 to 95 cents and ended the year at 85 to 86 cents, 
for a net decrease of 8%. The highest average medium-carbon 
ferromanganese price of 96 cents per pound was reached 
at the end of May. The price range, per pound of alloy, for 
imported silicomanganese with 296 carbon started the year 
at 54 to 56 cents and ended 2012 at 50.50 to 52 cents, for a 
676 net decrease. Although silicomanganese prices sustained 
а net decrease by yearend 2012, average prices were above 
73.50 cents per pound from the beginning of March through the 
end of May. The decreases in net prices for manganese alloys 
were attributable to ample availability on the domestic market 
coupled with a decreasing demand by China and Europe for 
these materials from the United States towards yearend. 

According to Ryan's Notes North American transaction 
prices, the 2012 yearend price range of manganese metal flake 
shipments was 126.50 to 130 cents per pound, a net decrease 
of 21% from the price of 160 to 165 cents per pound at the 
beginning of the year. This net price decrease was attributable 
to lower consumption by the domestic aluminum industry that 
resulted when some U.S. aluminum smelters permanently closed 
In 2011, as discussed in the outlook section of the Aluminum 
chapter of the 2011 USGS Minerals Yearbook, volume I, Metals 
and Minerals (Bray, 2013, p. 5.8). 


MANGANESE—2012 


Google 


Foreign Trade 


Excluding the negligible amount of manganiferous materials 
extracted in South Carolina to color bricks and in the absence of 
recycling specifically for manganese, U.S. net import reliance, 
as a percentage of apparent consumption, was 100% for 
manganese, the same as it has been for the past 27 years. The 
ensuing comparisons of foreign trade data were made on the 
basis of gross weight. 

In 2012, U.S. exports of manganese ore and ferromanganese 
increased, while exports of manganese dioxide, manganese 
metal, and silicomanganese decreased compared with exports 
of these materials in 2011 (table 5). The biggest year-to- 
year change in exports, on a volume basis, was for that of 
silicomanganese, which was 31% lower than in 2011. Canada 
accounted for 88% of U.S. silicomanganese exports, followed 
by Mexico with 6%. 

In 2012, U.S. imports of ferromanganese and manganese 
metal increased compared with those of 2011, while imports 
of manganese dioxide, manganese ore, and potassium 
permanganate decreased. Silicomanganese imports were about 
the same in 2012 as those in 2011 (table 6). The most significant 
year-to-year change, on a volume basis, was for total imports of 
ferromanganese, which was 15% greater than in 2011. Increases 
in total ferromanganese imports were especially notable for 
Australia (23,300 t; 258%), South Africa (18,200 t; 9%), 
Ukraine (15,700 t; 50%), and Norway (14,900 t; 62%). 

Antidumping Duty Administrative Reviews.—Final 
antidumping duty rates assessed in 2012 on imports of 
manganese materials to the United States are summarized 
in table 7. 

The 2012 Generalized System of Preferences (GSP) 
Review.—Under the annual GSP review for 2012, India, a 
beneficiary developing country (BDC), was granted a de 
minimis waiver for potassium permanganate exports to the 
United States (Office of the United States Trade Representative, 
2012a). A de minimis waiver may be granted to a BDC when 
total U.S. imports from all countries of a product are small. 

The United States is a net exporter of potassium permanganate; 
in 2012, U.S. net exports of potassium permanganate 
totaled 1,610 t. 

U.S.-World Trade Organization (WTO) Chinese Raw 
Material Export Dispute Settlement Proceedings.—In J anuary 
2012, the WTO Appellate Body affirmed the WTO Dispute 
Settlement Body decision in favor of the United States, which 
found that China's curbs placed on exports of various materials 
in 2009 were inconsistent with China's WTO obligations. 

As a result, the Chinese Government eliminated the 2094 tax 

on ferromanganese, manganese metal, and silicomanganese 
exports and the 15% tax on manganese ore exports in December 
(Metal-Pages, 2012b; Office of the United States Trade 
Representative, 2012b). 


World Industry Structure 


World manganese ore production was estimated by the USGS 
to be 15.8 Mt (contained manganese) in 2012, up slightly 


from the revised amount in 2011. Most (7496) manganese ore 
was produced in 12 countries. On a manganese-content basis, 
the leading producer countries of manganese ore were South 
Africa (23%), Australia (19%), China (18%), Gabon (10%), and 
Brazil (896) (table 8). World manganese ferroalloy production 
was estimated by the USGS to be 17.8 Mt (gross weight) in 
2012, a slight increase compared with the revised amount in 
2011 (table 9). On a gross-weight basis, the leading producer 
countries of manganese ferroalloys were China (57%), India 
(11%), South Africa (5%), Ukraine (596), Norway (3%), and the 
Republic of Korea (3%) (table 9). 

CRU International Ltd. estimated that world apparent 
consumption of manganese ferroalloys increased slightly to 
16.5 Mt in 2012 compared with the revised amount (16.2 Mt) 
of 2011. Of that amount, 10.4 Mt was silicomanganese, 4.4 Mt 
was high-carbon ferromanganese, and 1.7 Mt was refined 
(medium- and low-carbon) ferromanganese. World consumption 
was slightly more than CRU’s estimate of world manganese 
ferroalloys production in 2012 (16.2 Mt). The International 
Manganese Institute (IMnI) estimated world manganese ore 
apparent consumption to be 16.7 Mt (contained manganese), 
which was a slight increase from the IMnI estimate of 16.5 Mt 
(revised) in 2011 (CRU Bulk Ferroalloys Monitor, 2013, p. 14; 
Alberto Saavedra, market analyst, International Manganese 
Institute, unpub. data, October 23, 2013). 


World Review 


New manganese materials projects scheduled for completion 
around the world from 2012 through 2016 are listed in table 10. 
In 2012, an additional 1.6 million metric tons per year (Mt/yr) 
of manganese ore capacity, 1.2 Мууг of manganese ferroalloys 
capacity, and 30,000 metric tons per year (t/yr) of EMM were | 
under development. Additional manganese mine capacity was in 
Russia (600,000 t/yr), South Africa (600,000 t/yr), and Australia 
(370,000 t/yr). New manganese ferroalloys capacity, mainly 
high-carbon ferromanganese and silicomanganese, was in South 
Africa (675,000 t/yr), India (505,000 t/yr), China (265,000 t/yr), 
and Zambia (240,000 t/yr). All the planned increase in EMM 
capacity in 2012 was in China. | | | 

Australia.—Manganese оге production (gross weight) in 
Australia increased by 8% in 2012 from that in 2011. This was 
а result of increased production at the Groote Eylandt Mining 
Company (GEMCO) mine in the Northern Territory. GEMCO 
is owned by BHP Billiton Ltd. (6096) and Anglo American 
Corp. (40%), and in 2012 produced 4.8 Mt of manganese 
ore or more than 60% of the country's total (BHP Billiton 
Ltd., 2013, p. 9). Australia's manganese alloys production 
decreased in 2012, owing to the temporary curtailment of the 
country's only manganese alloys plant, Tasmanian Electro 
Metallurgical Company Pty Ltd. (TEMCO), from February 
through August. TEMCO, located in northern Tasmania, is " 
owned by BHP Billiton (6096) and Anglo American Corp. (40%) 

s 012a). 
—— "ru was the leading manganese ore and 

Џоу producer in Brazil. Vale produced 2.4 Mt of 
bend re in 2012, a decrease of 7% from that of 2011, 
ии of фе country's total manganese ore production 
E "The Azul Mine in the Carajas region produced about 
1 . 
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1.9 Mt of ore. Vale's manganese ferroalloys plants produced 
206,000 t, slightly more than in 2011, and 65% of the country's 
total manganese ferroalloys production in 2012 (Vale S.A., 
2013, p. 5). 

China.—China was the world's leading producer of EMD, 
EMM, manganese ferroalloys, and manganese ore (gross 
weight). Most of these materials were consumed domestically, 
although China was required to import an additional 12.4 Mt of 
manganese ore in 2012. This amount was down 4.7% from an 
alltime high in 2011. The manganese ore imported in 2012 was 
85% and 26% of the USGS estimated China and total world 
production (gross weight), respectively. The leading sources 
of China's manganese ore imports were Australia (4.2 Mt), 
South Africa (3.32 Mt), Ghana (1.19 Mt), Gabon (1.05 Mt), 
and Malaysia (0.89 Mt) (TEX Report, The, 20132). Most of the 
imported manganese ore was blended with lower grade domestic 
manganese ore for the production of manganese ferroalloys | 
and metal. | 

As a result of declining domestic consumption, China 
produced 1.16 Mt of EMM in 2012, which was about 22% less 
than the alltime high of 1.48 Mt produced in 2011. In 2012, 
there were 140 EMM plants capable of producing EMM in 
China, down from 162 in 2011. Of the 140, 133 operated during 
2012. China's EMM production capacity in 2012 was estimated 
to be 2.15 Mt/yr, or 9994 of the world total. (The only other 
country that produced manganese metal electrolytically in 2012 
was South Africa.) This was down from the revised amount 
of 2.4 Mt/yr in 2011. The country exported about 130,000 t of 
EMM in 2012, a decrease of 2096 from that in 2011 (Tan, 2013, 
p. 1-3, 7, 15). 

In 2012, China produced 218,343 t of EMD, which was a 
4.6% decrease from that of 2011. This equated to 80% of the 
country's annual production capacity (270,000 0), which was 
held by 12 producers. China's share of the active world EMD | 
production capacity in 2012 (448,500 t) was 609^, followed by | 
the United States with 1496. Other countries with EMD capacity 
included Colombia, Greece, India, Japan, South Africa, and 
Spain. China's EMD exports decreased to 41,200 t in 2012 
from 47,500 t in 2011. Most of China's 2012 EMD exports | 
went to other countries in Asia to produce alkaline and zinc- 
carbon batteries—Indonesia (24.696), India (14.4%), Singapore 
(13.5%), the Republic of Korea (8.4%), Japan (7.5%), Thailand 
(6.6%), Malaysia (3.7%), Vietnam (3.2%), and Burma (2.8%) 

(Li, 2013, p. 6, 8, 31-32). | 

France.—In November, Glencore International plc (now 
Glencore Xstrata plc) acquired Vale's European nM ; 
ferroalloys operations located in Dunkerque, France, and ne 
Rana, Norway. Glencore rated the Dunkerque plant зар 2) 
capacity to be 150,000 t/yr (Glencore International plc, a 

ЈЕ roduced at the 
Both ferromanganese and silicomanganese are р i 
Glencore Dunkerque plant; this plant is France $ only ih : 
of ferromanganese. Total manganese ferroalloys produc Е а 
in 2012 was down by 13% because of lower ferromangan 
ction at the Glencore plant. 

ncs SA dern leading producer of manganese 

x 0 he country’s total 
ore in Gabon, comprising about 85 yo oft | 

i 2. The 11% decrease ш 

manganese ore produced in 201 ] :n 2012 
manganese ore production (contained manganese) 
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from that in 2011 was attributable to production stoppage 
at Eramet's Moanda Mine that occurred because of changes 
made to the company's unloading facilities at Owendo port 
(Eramet, SA, 2013). 

Ghana.—Ghana’s sole manganese ore producer, Ghana 
Manganese Company (GMC) Limited, reported a decline in 
production, owing to weakness in the global EMM market 
(Metal-Pages, 2013b). Consolidated Minerals Ltd. (Australia) 
owns 90% of GMC; the remaining 1096 is owned by the 
Government of Ghana. 

India.—India’s combined total of manganese alloys 
production increased by 7% in 2012, as India's ferroalloys 
industry continued to expand to meet the increasing demands of 
the country's steel industry. Even so, India exported significant 
quantities of ferromanganese and silicomanganese— 159,122 t 
and 732,424 t, respectively, in India's fiscal year 2011-12 
(April 1, 2011, through March 31, 2012) (Indian Bureau 
of Mines, 2014, p. 6-3, 6-17, 6-18). The Tex Report 
(2013b) reported India's exports of silicomanganese reached 
925,256 t in calendar year 2012, an alltime high. More than 50% 
of these exports went to the following four countries: Japan 
(139,839 t), Italy (126,787 t), Netherlands (107,612 t), and 
Taiwan (95,709 t). 

Macedonia.—Macedonia's manganese ferroalloys production 
decreased by 72% in 2012 from that in 2011. This resulted 
from the shutdown of the country's sole manganese ferroalloys 
plant in July (Metal-Pages, 2012d). The plant, owned by 
Skopsi Leguri DOOEL, is located in the country's capital city 
of Skopje. 

Malaysia.—Manganese ore production (contained 
manganese) in Malaysia increased by 84% in 2012 from that 
in 2011. Metal-Pages (2013a) reported that Malaysia exported 
more than 893,000 t to China in 2012, which was a year-over- 
year increase of about 32%. This amount equated to 6.6% of 
China's manganese ore imports in 2012. 

Norway.—In November, Glencore acquired Vale’s manganese 
ferroalloys plant in Mo I Rana. Glencore rated the plant's 
production capacity to be 110,000 t/yr (Glencore International 
plc, 2012). 

South Africa. —Manganese ore production (contained 
manganese) in South Africa increased by 696 in 2012 from 
that in 2011. This increase was primarily a result of a new 
mine, Tshipi Kalahari Manganese Mine, starting operations 
In 2012 and an expansion in United Manganese of Kalahari's 
manganese mine. South African Ntsimbintle Mining (Pty) 

Ltd. owned 50.196 of the Tshipi Kalahari Mine; Jupiter Mines 
Ltd. (Australia) owned 49.9%. Total manganese ferroalloys 
production in 2012 decreased by 1496 compared with that of 
2011, owing solely to a decrease in silicomanganese production. 
In January, silicomanganese production at the Metalloys plant 
Was permanently curtailed, thereby eliminating 100,000 t/yr of 
silicomanganese production capacity in the country. Metalloys, 
located near Meyerton, is owned by ВНР Billiton (60%) 

and Anglo American Corp. (4096). The decision to stop 
silicomanganese production at the plant was made because of 
energy consumption requirements (BHP Billiton Ltd., 2013, 
p.4). In March, the Ruukki Group (Finland) also temporarily 
ceased silicomanganese production at its Mogale Alloys plant 
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in Krugersdorp because of restricted electricity supply (Metal- 
Pages, 2012e). 

Transnet SOC Ltd., South Africa’s state-run port and rail 
utility, continued to evaluate options for expanding manganese 
rail line and shipping port capacities. Transnet was responsible 
for transporting manganese ores from mines located in the 
Kalahari Basin in the Northern Cape region by bulk rail to Port 
Elizabeth and Durban. Metal-Pages (2012g) reported that this 
rail system could be expanded to 16 Mt/yr in conjunction with 
the development of a new manganese export terminal at Port 
Ngqura. This expansion would almost quadruple the amount of 
manganese ore that the country can currently transport via rail. 

Ukraine.—Ukraine's total manganese ferroalloys production 
in 2012 decreased by 14% compared with that of 2011, as 
Privat Group, the owner of Ukraine's three ferroalloys plants, 
reduced production at each plant. The Nikopol Ferroalloy plant 
operated at about half its annual capacity, producing 555,000 t 
of silicomanganese and 103,600 t of ferromanganese. Nikopol's 
combined manganese ferroalloys output was down 15% 
compared with that of 2011. OAO Zaporozhsky Ferro-Alloy 
Works' manganese ferroalloys production decreased by about 
596 in 2012 compared with that in 2011 because of lower 
silicomanganese output (130,000 t). Ferromanganese production 
in 2012 at Zaporozhsky remained the same as that in 2011 
(53,900 t), as did electrothermic manganese metal production 
(14,700 t). Silicomanganese production at the Stakhanov 
Ferroalloy Plant decreased to 49,500 t, which was 21% less 
than that in 2011. By yearend 2012, manganese ferroalloys 
production at Zaporozhsky had ceased and only one of eight 
furnaces at Stakhanov was producing silicomanganese (Metal- 
Pages, 2012f, 2013c). 


Outlook 


Domestic and global consumption of manganese was 
expected to follow closely the trend in steel production, for 
which the annual rate of growth has been typically in the range 
of 1% to 2% in the United States. Although rates of growth for 
some nonmetallurgical components of manganese consumption, 
especially batteries, may be higher than for steel production, 
this situation should have only a minor effect on overall 
manganese demand. 

Details of the outlook for the steel industry are discussed in 
the Outlook section of the Iron and Steel chapter of the 2012 
USGS Minerals Yearbook, volume I, Metals and Minerals. 
According to the World Steel Association (20132), raw steel 
production in 2012, compared with that in 2011, increased by 
2.5% to 88.6 Mt in the United States and by 1.2% worldwide 
to 1.55 billion metric tons (Gt). Raw steel production in China 
the world's leading producer of raw steel, increased by 3.196 to 
about 717 Mt. 

World apparent consumption of finished steel products 
increased slightly to 1.4 Gt in 2012 from that in 2011. This was 
the smallest increase since 2009, when consumption decreased 
by 6.5%, and was caused mainly by decreased consumption in 
the countries of the European Union. Even in China, the leading 
world consumer of steel products, apparent steel consumption 
slowed, increasing slightly to 646 Mt in 2012 from that in 2011 
The combined steel consumption in the BRIC countries— | 
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Brazil, Russia, India, and China—also only increased slightly 
to 785 Mt; these countries accounted for about 55% of the 
world total. World steel apparent consumption was projected 
to increase slightly to 1.45 Gt in 2013 from that in 2012, and to 
1.5 Gt in 2014 (World Steel Association, 2013b). 

Manganese metal is used primarily by the aluminum industry, 
followed by the steel industry. The outlook for the aluminum 
industry is discussed in the Outlook section of the Aluminum 
chapter of the 2012 USGS Minerals Yearbook, volume I, Metals 
and Minerals. 


EMD is used by the primary (disposable) and secondary 
(rechargeable) battery industries. As a rough indicator of future 
EMD consumption, U.S. demand for primary and secondary 
batteries was projected to increase by 4.2% annually through 
2017 to $17.1 billion. Secondary battery demand in the 
United States was expected to outpace primary battery demand, 
owing to the expansion in the portable device market. The 
value of global primary and secondary battery consumption 
was forecast to increase by 8.196 annually through 2016 to 
$132 billion, with U.S demand rising below the average global 
rate. As in the United States, secondary battery demand was 
expected to rise globally at a faster rate than that of primary 
types (Freedonia Group, Inc., The, 2012, 2013). 
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TABLE 1 
SALIENT MANGANESE STATISTICS! 


(Thousand metric tons, gross weight, unless otherwise specified) 


2008 2009 2010 2011 2012 
United States: 
Manganese ore (20% or more Mn): mE 
Exports 48 15 l4 | 2 
Imports for consumption 51] 269 489 552 506 
Consumption? 464 422 450 ' 532 538 
Аа a RN Еа аа Баар Не 24 а 
__ Stocks, December 31, consumers? 255 115 168 250 ' 203 
Ferromanganese: 
Exports 23 24 19 5 5 
. ee À——————d——— 4 —— ——————— ————————————— —————— PÓ ——ÁÉuüu-—- n 
Imports for consumption. 448 153 326 348 401 
Consumption 304 242 292 303 382 
Stocks, December 31, consumers and producers 27 3l 32 25 3l 
Consumption, apparent, manganese content? 844 45] 721 699 843 
. Price, average: 
.  Ferromanganese, high-carbon* dollars per gross ton 2,736.40 1,208.16 1,403.41 1,310.57 1,230.72 
Ferromanganese, medium-carbon* cents per pound 213.13 100.52 129.09 108.43 91.30 
___ Manganese metal? do. 197.64 140.13 162.60 [81.79 149.71 
Manganese ore price, c.i.f.° dollars per metric ton unit 12.15 7.95 9.64 7.88 6.04 
uu Silicomanganese' cents per pound 100.87 50.72 ___ 6427 59.70 63.25 
World, production of manganese ore 37,900 33,800" — 44,10 44,100" 46,900: 47,100 


Revised. do. Ditto. 
'Data are rounded to no more than three significant digits. 
“Exclusive of iron and steel plants. 

*Based on estimates of average content for all significant com 
‘Platts Metals Week, dealer import prices based on annual averages. 

‘Ryan’ s Notes North American transaction prices based on weekly averages. 
“Cost, insurance, and freight, U.S. ports. 
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ТАВТЕ 2 


U.S. GOVERNMENT NATIONAL DEFENSE STOCKPILE MANGANESE STATISTICS IN 2012”? 


(Metric tons, gross weight) 
Inventory, yearend Annual Sales Inventory changes? 
Fiscal Calendar Materials Fiscal Calendar Fiscal Calendar 
Material year’ year Plan‘ year" year year’ year 
Metallurgical ore 292,000 292,000 90,700 -- = EN = 
High-carbon ferromanganese 348,000 348,000 90,700 7,710 7,710 -7,740 -7,740 
Total 640,000 640,000 181,000 7,710 7,710 -7,740 -7,740 
-- Zero, 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
“Includes stockpile- and nonstockpile-grade materials. 
*From previous year. 
“Twelve-month period ending September 30, 2012. 
Source: Defense Logistics Agency, DLA Strategic Materials. 
TABLE 3 
DOMESTIC PRODUCERS OF PRINCIPAL MANGANESE PRODUCTS IN 2012 
Products! 
Company Plant location FeMn SiMn MnO, Type of process 
Energizer Holdings, Inc., Eveready Battery Co. Marietta, OH X Electrolytic. 
Erachem Comilog, Inc. Baltimore, MD X Chemical. 
Do. New Johnsonville, TN X Electrolytic. 

Eramet Marietta, Inc. Marietta, OH X X Electric furnace. 

Felman Productions Inc. Letart, WV X Do. 

Tronox Inc. Henderson, NV X Electrolytic. —  — 

Do. Ditto. 


!FeMn, ferromanganese; SiMn, silicomanganese; MnO,, synthetic manganese dioxide. 


TABLE 4 


| 
U.S. CONSUMPTION, BY END USE, AND INDUSTRY STOCKS OF MANGANESE FERROALLOYS AND METAL IN 2012 


(Metric tons, gross weight) 


E MMM——————————————————————————- 


Ferromanganese 
Medium and Manganese 
End use High carbon low carbon Total Silicomanganese metal — — 
Steel: 
Carbon 130,000 131,000 261,000 94,300 2,030 
High-strength, low-alloy 38,400 12,100 50,500 12,700 S 
Stainless and heat-resisting 6,970 2.690 9.660 15,700 | 
Full alloy 30,200 20,300 50,500 23,200 
, Ful aHoy __________________-– 
Unspecified” 598 383 981 963 1,700 
Total 206,000 166,000 373,000 147,000 a 
Cast irons 8,500 366 8,870 381 8. 
us 
W W W 
Superalloys А ue А 
Alloys (excluding alloy steels) 455 КЕ ps ido s: 
1 W 
:ecellaneous and unspecified E - 
= | 215,000 167,000 382,000 150,000 17,50 
балаа 1,000 99,100 17,500 
| manganese content” 168,000 133,000 301, " 
D 10,900 20,400 31,400 19,500 


Stocks, December 31, 2012, consumers and producers 


W Withheld to avoid disclosing company proprietary data; included with 


“Alloys (excluding alloy steels)." -- Zero. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


?Includes electrical and tool steel. 


? Approximately 84% of this combined total was for consumption in aluminum alloys. 
^Internal evaluation indicates that silicomanganese consumption 15 considerably understated. 


: ontent. 
5Estimated based on typical percentages of manganese con ERALS УБАЕВООК—2012 
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U.S. EXPORTS OF MANGANESE ORE, FERROALLOYS, METAL AND MANGANESE DIOXIDE, BY COUNTRY’ 


Country 


Ore and concentrates with 20% or more manganese: 


Canada 
Korea, Republic of 
Netherlands 
Other (18 countries) 
Total 
Ferromanganese, all grades: 
Canada 
Malaysia 
Mexico 
Other (28 countries) 
Total 
Silicomanganese:" 
Canada 
Mexico 
Other (5 countries) 
Total 
Metal, including alloys and waste and scrap: 
Canada 
China 
Japan 
Other (29 countries) 
Total 
Manganese dioxide:* 
Belgium 
Canada 
Netherlands 
Other (49 countries) 
Total 
"Revised. 


3 


2011 


Quantity, 


gross weight 
(metric tons) 


372 
408 
50 
932" 
1,360 


573 
1,360 

505 

940 г 
3,370 


1,510 
5,180 
1,090 
3,120 
10,900 


Value, 


f.a.s? 
(thousands) 


$400 
527 
184 
388 ' 

1,500 


2,930 
21 
1,780 
3,040 ' 
7,780 


9,870 
918 
355 

11,100 


2,170 
4,720 
1,150 
2,060 ' 
10,100 


4,820 
4,800 
2,590 
6,180 
18,400 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


?Free alongside ship. 


2012 


Quantity, 
gross weight 
(metric tons) 


348 
272 
793 
300 
1,710 


2,140 
1,790 

198 
1,220 
5,350 


5,160 
362 
331 

5,850 


149 
995 
107 
1,330 
2,580 


1,260 
5,250 

272 
2,480 
9,260 


*Countries listed imported more than 300 metric tons from the United States based on the 2-year average. 
4 . К . . . 
Countries listed imported more than 500 metric tons from the United States based on the 2-year average. 


Source: U.S. Census Bureau. 
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Value, 


fas.” 
(thousands) 


$395 
351 
950 
293 
1,990 


2,910 
1,000 

325 
2,310 
6,540 


6,910 
514 
797 

8,220 


385 
2,980 
304 
3,840 
7,510 


4,310 
4,470 
1,290 
6,710 
16,800 


47.9 


47.10 


TABLE 6 


U.S. IMPORTS FOR CONSUMPTION OF MANGANESE ORE, FERROALLOYS, METAL, AND SELECTED CHEMICALS, BY COUNTRY! 


Е ЕЕ nn, C C 
2011 2012 


Quantity 


Gross weight 


___ оу ПП р MEL La т -_______--_____- 


____ а а от ы 2 28 


ид 


____ 296% 214009 — 462,000 AOAI л ——— 


Mn content 


Value, 
customs 


— 3450 29300 — 81000 34700 29200 615% 


Country (metric tons) (metric tons) (thousands) 
Ore and concentrates with 2096 or more manganese:” 
All grades: 
Australia 161,000 70,500 $34,500 
Belgium 298 149 $95 
Brazil 9,500 4,750 3,530 
Gabon 361,000 183,000 98,500 
Mexico 4,540 1,640 1,060 
Morocco 902 454 317 
South Africa 13,000 5,530 6,700 
Turkey 566 199 190 
Other (3 countries) 532 € 240 ' 44 ' 
Total 552,000 266,000 145,000 
More than 20% but less than 47% manganese: 
Australia 82,200 32,300 15,700 
Brazil 3,220 1,480 1,150 
Gabon 17,900 7,950 3,070 
Mexico 4,540 1,640 1,060 
South Africa 13,000 5,520 6,680 
Turkey 566 199 190 
Other (2 countries) 86" 18° 17° 
Total 122,000 49,100 27,900 

47% or more manganese 
Australia 78,600 38,300 18,800 
Belgium 298 149 95 
Brazil 6,280 3,260 2,380 
Gabon 344,000 175,000 95,400 
Morocco 902 454 317 
South Africa 20 10 13 
Turkey -- sd = 
Other (2 countries) 446 ' 27° 

Total 430,000 217,000 117,000 
Ferromanganese: 

All grades:° 
Australia 9,030 6,990 8,950 
China 17,500 15,400 47,500 
Korea, Republic of 33,600 26,900 59,000 
Mexico 5 19,500 15,800 36,500 
Norway 24,200 19,300 36,400 
South Africa 208,000 161,000 251,000 
Ukraine 31,100 24,200 34,400 
Other (13 countries) 5.710 ' 4,390 ' 9.570 г 

Total 348,000 274,000 483,000 

1% or less carbon: 

China 17,200 15,200 46,900 

Korea, Republic of 222 200 727 

Mexico 8,960 7,260 17,000 

Norway 6,480 5.220 11,900 

South Africa 20 16 46 

Ота е countries) | 1,600 1,450 4,480 
ota v5; 

More than 1% but not more than 2% carbon: = 22,300 200 
China | 262 221 583 
Korea, Rep of 31,500 25,400 56,200 
п 10,600 8,500 19,500 

See footnotes at end of table. ee a 20000 


Google 


Quantity 


Gross weight 
(metric tons) 


Mn content 
(metric tons) 


30,100 15,000 
6,980 3,510 
8,730 3,970 

302,000 152,000 
6,100 2,200 
5.280 2,670 

147,000 46,400 

52 24 
66 28 

506,000 226,000 

2,580 682 

26,500 11,400 
6,100 2.200 
114,000 45,100 
18 5 
149,000 59,300 
30,100 15,000 
6,980 3,510 
6,150 3,290 

276,000 141,000 

5.280 2,670 

33,000 1,290 
52 24 

48 23 
357,000 167,000 
32,300 25,200 
6,600 6,080 
26,400 21,400 
10,900 8,650 
39,200 31,400 
226,000 175,000 
46,700 35,800 
13,200 10,400 

401,000 314,000 
6,030 5,640 
2,540 2,310 
8,490 6,340 
9,610 7,770 

120 110 
7,960 6,500 _ 

|... 29,200 

80 61 

20,400 16,500 

2,380 1,810 

16,400 13,400 


Value, 
customs 
(thousands) 


$5,740 
$529 
3,120 
67,000 
1,210 
538 
22,500 
17 

258 
101,000 


669 
3,380 
1,210 

16,800 
4 
22,100 


5,740 
529 
2,450 
63,600 
538 
5,660 
17 

254 
78,800 


31,400 
17,300 
40,000 
19,600 
51,100 
251,000 
52,800 
19,300 
482,000 


16,600 
6,630 
14,600 
15,400 
330 


_13,700 


— 67,300 


191 
30,100 
4,930 


22,300 


U.S. GEOLOGICAL SURVEY MINERALS YEARBOO 


TABLE 6—Continued 
U.S. IMPORTS FOR CONSUMPTION OF MANGANESE ORE, FERROALLOYS, METAL, AND SELECTED CHEMICALS, BY COUNTRY' 


2011 2012 
Quantity Value, Quantity Value, 
Gross weight Мп content customs Gross weight Мп content customs 
Country (metric tons) (metric tons) (thousands) (metric tons) (metric tons) (thousands) 
Ferromanganese:—Continued 
More than 1% but not more than 2% carbon: 
—Continued 
South Africa 24,200 19,500 41,400 27,100 21,800 40,600 
Ukraine 392 342 783 es us zs 
Other (6 countries) 40 32 122 23 17 69 
Total 74,900 60,300 133,000 66,500 53,500 98,200 
More than 2% but not more than 4% carbon: 
South Africa 378 329 922 165 137 383 
Other (2 countries) 3 2 6 11 9 3] 
Total 381 331 928 177 146 414 
More than 496 carbon: 
Australia 9,030 6,990 8,950 32,300 25,200 31,400 
China -- -- -- 481 379 547 
Korea, Republic of 1,830 1,380 2,080 3,430 2,650 3,300 
Norway 9,820 7,680 10,600 13,100 10,200 13,400 
South Africa 183,000 141,000 208,000 199,000 153,000 209,000 
Ukraine 30,700 23,900 33,600 46,700 35,800 52,800 
Other (10 countries) 4,130 ' 2,910 € 4,960 ' 5,220 3,910 5,570 
Тога! 239,000 184,000 268,000 300,000 231,000 316,000 
Silicomanganese:? 
Australia 44,800 29,800 45,500 26,400 17,700 27,700 
Georgia 100,000 69,500 120,000 114,000 77,300 122,000 
Mexico 12,700 8,290 13,900 27,300 17,800 32,000 
Norway 33,500 21,000 55,300 29,700 18,500 50,700 
South Africa 143,000 94,900 163,000 110,000 73,400 133,000 
Spain 4,880 2,950 9,810 18,800 12,300 23,800 
Other (11 countries) 8,930 5,430 9,800 21,800 14,000 30,100 
Total — tt” 348,000 232,000 417,000 348,000 231,000 419,000 
Metal? 
Unwrought:^ u 
China 26,900 XX 82,100 31,800 XX 84,400 
South Africa m 5,940 XX 23,200 9,780 XX 34,600 
Spain 130 XX 582 870 XX 3,060 
Vietnam 680 XX 2,010 427 XX 1,200 
Other (7 countries) 567 ' ХХ _ 2,230" _ 426 XX 1,590 
Total 34,200 XX 110,000 43,300 XX 125,000 
. Other manganese, wrought, other (11 countries) 369 XX 1,320 55 XX 457 
Waste and scrap: 
— Canada oe 687 XX 312 870 XX 359 
Other (2 countries) | 17 ХХ 26 == XX = 
Total 704 XX 338 870 XX 359 
Manganese dioxide: 
Belgium | 484 XX 582 793 XX 448 
— Japan mnm 9,000 XX 20,100 8,720 XX 20,700 
Mexico 1,010 XX 941 40 XX 35 
South Africa Е mE 16,600 XX 44,600 13,500 XX 31,100 
Turkey — | 176 XX 89 1,040 XX 535 
Other (10 countries) 1,120 " XX 1,840 ' 573 XX 707 
— Total 28,400 XX 68,200 24,700 XX 53,500 
P i 2 
пеши Е : 1.570 XX 4,780 1,420 XX 4,410 
Other (8 countries) — 131 XX 421 58 XX 211 
|^ Toa о 1,700 XX 5.200 1,480 XX 4,620 


See footnotes at end of table. 


MANGANESE—2012 


Google 


47.11 


47.12 


ыы 


TABLE 6—Continued 


U.S. IMPORTS FOR CONSUMPTION OF MANGANESE ORE, FERROALLOYS, METAL, AND SELECTED CHEMICALS, BY COUNTRY! 


EX SS SSS SS SSC 2 


‘Revised. XX Not applicable. -- Zero. 


Граја are rounded to no more than three significant digits; may not add to totals shown. 


Countries listed exported more than 300 metric tons (gross weight) to the United States based on the 2-year average. 
Countries listed exported more than 5,000 metric tons (gross weight) of total ferromanganese or silicomangese to the United States based on the 


2-year average. 
“Imports of unwrought metal include flake, powder, and other. 


Source: U.S. Census Bureau, data adjusted by the U.S. Geological Survey. 


TABLE 7 


MANGANESE MATERIALS: FINAL ANTIDUMPING DUTY RATES ASSESSED IN 2012, BY DATE! 


ы 


Country Period of 
investigation 


Date Imported material of origin 
November? Silicomanganese Brazil 
November 8 do. China do. 
Do. do. Ukraine do. 


Do., do. Ditto. 


5-year review? 


Producer and duty rate 


Revoked. No duties effective September 14, 2011 
АН imports (150.0096) 
АП imports (163.0096) 


! Antidumping duties are assessed by the U.S. International Trade Administration. 
?Conducted on existing antidumping duty order by the International Trade Administration of the U.S. Department of 


Commerce. 


Source: Federal Register. 
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Mn content, 

Australia: 

Gross weight 4,812 4,451 6,474 ' 6,963 7,531 

Mn content? 37—53 2,320 2,140 2,650 * 2,860 ' 3,080 
Brazil: 

Gross weight 3,200 2,575 ' 3,215 ' 3,480 ^* 3,330 * 

Mn content 33—51 1,280 1,030 * 1,223 ' 1,426 ^P 1,330 * 
Burma:' 

Gross weight 357 607 750 586 286 

Mn content 40 143 243 300 234 115 
China:*®° 

Gross weight 11,000 12,000 13,000 14,000 14,500 

Mn content 20-30 2,200 2,400 2,600 2,800 2,900 
Gabon:’ 

Gross weight 3,248 ' 1,992 3,201 4,070 3,637 

Mn content 45-53 1,559 € 956' 1,536 € 1,858 1,650 
Ghana:’ 

Gross weight 914 882 1,529 1,729 1,244 

Mn content? 28—34 256 248 426 484 348 
India:’ 

Gross weight 2,293 2,374 2,858 2,542 2,225 

Mn content 10-54 826 845 1,013 895 800 
Kazakhstan, concentrate: 

Gross weight 1,117 982 1,094 1,096 " 1,056 

Mn content" 35-36 400 360 390 390 380 
Malaysia: 

Gross weight 537 469 900 598 ' 1,100 P 

Mn content? 32-45 209 183 351 233 г 429 
Mexico: 

Gross weight 472 330 485 468 515 

Mn content 36-37 170 119 175 171 188 
South А са: ! 

Gross weight 6,807 4,579 7,172 8,652 ' 8,943 

Mn content 30-484 2,900 1,900 2,000 3,400 3,600 
Ukraine, concentrate: 

Gross weight 1,447 932 1,589 972 1,039 

Mn content" 30-35 492 317 540 330 416 
Other:® ? 

Gross weight 1,700 1,660 1,850 € 1,720 € 1,650 

Mn content XX 610 ' 592 648 ' 585 ' 572 

Total: 

Gross weight 37,900 33,800 ' 44,100 ' 46,900 " 47,100 
Mn content XX 13,400 " 11,300 ' 14,800 ' 15,700" 15,800 


(Thousand metric tons) 


“Estimated. PPreliminary. 'Revised. XX Not applicable. 
! World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
?I[ncludes data available through August 20, 2014. Data pertain to concentrates or comparable shipping product, except that in a few 
instances the best data available appear to be for crude ore, possibly after some upgrading. 


За addition to the countries listed, Cuba, Greece, Pakistan, Panama, and Peru may have produced manganese оге and (or) manganiferous 


TABLE 8 
MANGANESE ORE: WORLD PRODUCTION, BY COUNTRY"? 


ore, but available information is inadequate to make reliable estimates of output levels. 
*May be average content of each year's production rather than for content of typical products. 


*Metallurgical ore. | 0 
SProduction of beneficiated ore as reported in Mineral Summary, Brasilia, Brazil, except where noted. Average content 43% Mn. 


"Reported by the International Manganese Institute. 


8 в 
Includes manganiferous ore. 
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TABLE 8—Continued 
MANGANESE ORE: WORLD PRODUCTION, BY COUNTRY"? 


°The International Manganese Institute estimated China's manganese ore production, in gross weight and Mn content, respectively, to be, 


in metric tons, as follows: 2008—19,000,000 and 3,400,000; 2009—15,000,000 and 2,700,000; 2010—17,000,000 and 3,100,000; 
2011—23,000,000 and 4,140,000; and 2012—23,000,000 and 4,140,000. 

10Calculated metal content includes allowance for assumed moisture content. Includes ore and sinter. 

| Mostly oxide nodules; may include smaller quantities of direct-shipping carbonate and oxide ores for metallurgical and 

battery operations. 

I2 Category represents the combined totals of Bulgaria, Burkina Faso, Chile, Cóte d'Ivoire, Egypt, Georgia, Hungary, Indonesia, Iran, 
Morocco, Namibia, Romania, Russia (concentrate), Sudan (manganese ore exports), Thailand, Turkey, Vietnam, and Zambia. 
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TABLE 9 
FERROMANGANESE AND SILICOMANGANESE: WORLD PRODUCTION, BY COUNTRY"? 


See footnotes at end of table. 
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(Metric tons, gross weight) 
Country? 2008 2009 2010 2011 2012* 
Argentina, electric furnace, silicomanganese 9,172 6,644 10,900 4 11,000 =° 11,000 
Australia, electric furnace: 
Ferromanganese 147,000 87,000 136,000 146,000 102,000 
Silicomanganese 125,000 74,000 131,000 136,000 96,000 
Total 272,000 161,000 267,000 276,000 198,000 
Bahrain, electric furnace: 
Ferromanganese -- 5,700 5,600 35,300 35,100 
Silicomanganese -- 6,500 3,700 3,000 3,000 
Total -- 12,200 9,300 38,300 38,100 
Brazil, electric furnace:* 
Ferromanganese 155,000 ' 42,300 € 92,000 * 88,000 ' 96,000 P 
Silicomanganese 233,000 ' 112,000: 214,000 * 227,000 ' 219,000 Р 
Total 388,000 ? 154,094 "5 305,808 "5 314,982 "5 315,000 P 
China: 
Blast furnace, ferromanganese 600,000 350,000 350,000 350,000 350,000 
Electric furnace: 
Ferromanganese 2,100,000 2,070,000 2,300,000 2,600,000 ' 2,800,000 
Silicomanganese 5,000,000 5,430,000 5,840,000 6,700,000 ' 6,900,000 
Total, blast and electric furnaces 7,700,000 7,850,000 8,490,000 9,650,000 ' 10,100,000 
Egypt, electric furnace, ferromanganese* 28,800 26,300 20,000 30,000 * 30,000 
France, electric furnace:* 
Ferromanganese 46,600 46,000 138,100 130,500 101,000 $ 
Silicomanganese 60,200 54,100 62,400 63,400 68,500 $ 
Total 106,800 100,100 200,500 193,900 169,500 % 
Georgia, electric furnace: 
Ferromanganese 11,342 ' 1,838 ' 824 ' -- " -- 4 
Silicomanganese 113,455 ' 112,016 203,464 242,746 ' 257,421 $ 
Тога! 124,797 ' 113,854 ' 204,288 " 242,746 ' 257,421 6 
India, electric furnace: Ц 
Ferromanganese 386,200 399,100 413,000 ' 420,000 ' 463,900 9 
Silicomanganese 848,700 875,500 1,170,000 " 1,433,600 ' 1,522,600 $ 
Total 1,234,900 1,274,600 1,583,000 ' 1,853,600 " 1,986,500 ° 
Indonesia, electric furnace:* 
Ferromanganese 12,000 12,000 12,000 12,000 13,000 
Silicomanganese 7,000 7,000 8,000 8,000 9,000 
Total 19,000 19,000 20,000 20,000 22,000 
Italy, electric furnace: 
Ferromanganese 8,500 5,500 17,000 18,000 18,000 
Silicomanganese 25,500 17,000 22,900 24,600 42,000 
Total 34,000 22,500 39,900 42,600 60,000 
Japan, electric furnace: 
Ferromanganese 431,181 361,375 453,265 456,798 436,171 ^ 
Silicomanganese 58,884 49,205 49,865 49,798 52,287 ° 
Total 490,065 410,580 503,130 506,596 488,458 $ 
Kazakhstan, electric furnace, silicomanganese 179,939 200,374 224,627 232,039 ' 251,445 6 
Korea, Republic of, electric furnace: A 
Ferromanganese 251,125 216,400 ^ 286,259 355,047 364,800 : 
Silicomanganese 76,184 151,100 * 120,779 195,650 184,700 
Total 327,309 367,500 4 407,038 550,697 549,500 * 
Macedonia, electric furnace: 
Ferromanganese 12,623 Be Es e F : 
Silicomanganese 54.931 -- 36,705 50,756 14,179 
Total 67,554 Ee 36,705 50,756 14,179 9 
Mexico, electric furnace:* 
Ferromanganese 97,366 42,492 81,019 ' 73,684 ' 61,939 6 
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Country’ 
Mexico, electric furnace: — Continued 
Silicomanganese 
Total 
Norway, electric furnace: 
Ferromanganese 
Silicomanganese 
Total 
Poland: 
Blast furnace, ferromanganese 
Electric furnace, silicomanganese 
Total 


EM UU o —— HS 
Romania, electric furnace, silicomanganese" 


Russia; 
Blast furnace, ferromanganese 
Electric furnace, silicomanganese 
Total 
Saudi Arabia, electric furnace: 
Ferromanganese 
Silicomanganese 
Total 
Slovakia, electric furnace: 
Ferromanganese 
Silicomanganese 
Total 
South Africa, electric furnace:' 
Ferromanganese 
Silicomanganese 
Total 
Spain, electric furnace: 
Ferromanganese 
Silicomanganese 
Total 
Ukraine, electric furnace: 
Ferromanganese 
Silicomanganese 
Total 


United States, electric furnace, ferromanganese? | 


Venezuela, electric furnace: 
Ferromanganese 
Silicomanganese 
Total 
Grand total 
Of which: 
Blast furnace, ferromanganese 
Electric furnace, excluding United States: 
Ferromanganese 
Silicomanganese 


TABLE 9—Continued 


(Metric tons, gross weight) 
2008 2009 
114,320 85,065 
211,686 127,557 
308,400 196,700 
262,400 231,300 
570,800 428,000 
8,500 1,700 
25,100 -- 
33,600 1,700 
10,000 -- 
110,000 88,000 $ 
40,000 98,700 $ 
150,000 186,700 $ 
38,500 37,500 
57,700 60,000 
96.200 97,500 
61,194 21,000 
59,940 32,000 
121,134 53,000 
503,000 273,000 ' 
237,100 135,100 
740,100 408,100 ' 
148,000 € 23,400 ' 
111,400 ' 64,100 € 
259,400 ' 87,500 ' 
362,400 129,400 
894,900 741,900 
1,257,300 871,300 
W W 
20,000 15,800 
52,000 45,800 
72,000 61,600 
14,500,000 ' 13,000,000 
719,000 ' 440,000 
5,130,000 € 4,010,000 ' 
8,660,000 € 8,590,000 € 


2010 


134,470 ' 
215,489 € 


297,300 
248,700 
546,000 


800 ' 
100 " 
900 ' 
20,000 " 


171,600 © 
147,900 $ 
319,500 $ 


26,000 
61,300 
87,300 


35,449 
34,960 
70,409 


473,000 ' 
274,400 
741,400 ' 


102,200 ' 
134,200 ' 
236,400 ' 


280,100 
940,400 


1,220,500 


W 


5,300 
16,500 
21,800 


15,800,000 ' 


522,000 ' 


5,170,000 ' 
10,100,000 ' 


2011 


139,044 * 
212,728 * 


337,900 
266,000 
603,900 


800 ' 
100 * 
900 ' 
31,000 ' 


146,000 ' 
150,000 
296,000 ' 


26,000 
96,000 
122,000 


18,180 
25,023 
43,203 


714,000 ' 
313,600 


1,027,600 ' 


92,100" 
142,300 ' 
234,400 ' 


180,500 
843,500 


1,024,000 


W 


12,000 
24,000 
36,000 


17,600,000 ' 


497,000 ' 


5,750,000 ' 
11,400,000 * 


2012* 


161,336 
2232156 


325,900 $ 
271,400 * 
597,300 ° 


800 
100 
900 
16,500 


165,000 
160,000 
325,000 


26,000 
80,000 
106,000 


12,862 ° 
50,089 © 
62,951 ° 


730,000 ° 
148,800 $ 
878,800 ° 


80,200 ° 
148,100 5 
228,300 $ 


151,600 $ 

724,600 $ 

876,200 É 
W 


jammer ik ш ————„—„——— 


9,000 ° 
14,200 ° 
23,200 5 


17,800,000 


516,000 


5,860,000 
11,400,000 


e s P imi 1 Е . . А 
Estimated. ?Ргеіітіпагу. "Revised. W Withheld to avoid disclosing company proprietary data; not included in “Grand total." — Zero. 


| 
я totals, S; data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
Includes data available through January 15, 2014. 


3 re | 5 
In addition to those countries listed, ferromanganese may have been produced in Гап, but available information is inadequate to make 


reliable estimates of output levels. 


^Reported by the International Manganese Institute. 


5 f : 
Total manganese ferroalloys production as reported in the Mineral Summary, Brasilia, Brazil 


Reported figure. 


| NOE | 
India's manganese ferroalloys production reported on а calendar-year basis 
80.5. output of ferromanganese includes silicomanganese. 
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TABLE 10 
MANGANESE MATERIALS: PROJECTS SCHEDULED FOR COMPLETION, BY YEAR, 2012-16^?? 


(Metric tons, gross weight, unless otherwise specified) 


Incremental Total 
Projected annual annual 
year of first Country production production 
‘production (State/Province) Project and company Project type capacity — capacity — Manganese produc 
2012 Australia Nicholas Downs Manganese Mine mine expansion 370,000 720,000 _ Мп оге. 
(East Pilbara) Mineral Resources Ltd. (50%) and 
Hancock Prospecting Pty. Ltd. (50%) 
2012 China Eramet New Guilin Ferroalloys Plant new ferroalloys plant NA 95,000 HC FeMn, SiMn. 
(Chongzuo, Eramet S.A. 70,000 МС FeMn, LC 
Guangxi) FeMn. 
2012 China Kingray Changsha EMM Plant EMM plant expansion 30,000 40,000 EMM. 
(Hunan) Kingray New Materials Science & 
Technology Co., Ltd. 
20127 China Sinosteel Jilin Ferroalloys Plant new ferroalloys plant NA 100,000 МС FeMn, LC 
(Jilin) Sinosteel Jilin Ferroalloy Co., Ltd. FeMn. 
2012 India Abhijeet Vizag Ferro-Alloys Plant do. NA 290,000 HC FeMn, SiMn. 
(Andhra Pradesh) Abhijeet Ferrotech Ltd. 
2012 Do. Anjaney Alloys (formerly Maithan) Vizag do. NA 65,000' ЕеМп. 
Ferro-Alloys Plant 55,000 © SiMn. 
Anjaney Alloys Ltd." 
2012 India Amit Ferroalloys Plant? do. NA 95,000 _ FeMn, SiMn. 
2012 Russia Siberian Mining and Metallurgical new mine NA 600,000 $ Mn ore. 
(Kemerovo) Company (SGMK) Manganese Mine 
Siberian Mining and Metallurgical 
Company (SGMK) 
2012 South Africa Metalloys Ferroalloys Plant ferroalloys plant 130,000 500,000 HC FeMn. 
(Meyerton) BHP Billiton Ltd. (60%) and Anglo expansion 
2012 South Africa Machadodorp Ferroalloys Plant’ ferroalloys plant 100,000 175,000 Do. 
|... (Mpumalanga) Assmangltd. —— — — à à conversion _________________________------- 
2012 South Africa Kalahari Manganese Mine mine expansion 400,000 2,700,000" Mn ore. 


(Northern Cape) United Manganese of Kalahari 


2012 Do. Tshipi Kalahari Manganese Mine new mine NA 200,000 Do. 
Ntsimbintle Mining (Pty) Ltd. (50.176) 


and Jupiter Mines (49.996) 


2012 Zambia Taurian Manganese Ltd. Ferroalloys Plant! — ferroalloys plant МА 240,000 _ FeMn- 
2013 Australia Groote Eylandt Mining Company Pty. Ltd. mine expansion 600,000 4,800,000 Mnore. 
(Northern Terri- ВНР Billiton Ltd. (60%) and Anglo 
tory, Western American Corp. (40%) 
Australia) 
2013° China Pingle EMM Plant EMM plant expansion 36,000 60,000 EMM. 


(Chongzuo, Guangxi Zhaohong Manganese Industry 


2013 China Jinfeng EMM Plant do. 30,000 60,000 Do. 
(Guizhou) Guizhou Tongren Jinfeng Manganese 
Liability Co., Ltd. | 
2013" India Sarda Vizag Ferroalloys Plant new ferroalloys plant NA 75,000" FeMn, SiMn. 
2013* Do. Shri Girija Vizag Ferro-Alloys Plant do. NA 36,000 FeMn. 
2013 India Chandrapur Plant ferroalloys plant 90,000 * 190,000 * FeMn, SiMn. 
(Bhandara, Steel Authority of India Ltd. (SAIL)? expansion 


Maharashtra) СЕС 
See footnotes at end of table. 
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TABLE 10—Continued 
MANGANESE MATERIALS: PROJECTS SCHEDULED FOR COMPLETION, BY YEAR, 2012-1 65^? 


(Metric tons, gross weight, unless otherwise specified) 


Proiected Incremental Total 
SK. annual annual 
ar ш Шын: production production 
ош. Oe ee Project (ype capacity capacity Manganese product’ 
2013 Indonesia Asia Mangan Mines new mines NA 125,000 Mn ore. 
(East Nusa PT Asia Mangan Group" 
Tenggara, West 
2013 Do. Big George West Timor Mine mine expansion 360,000 * 720,000* ро. 
A ре: Kopang Concentrator new beneficiation plant NA 360,000 Мп ore (concentrate). 
и Venture?  __ _ ___________________ 
2013 Ро. PT Jasindo Kupang Smelter new ferroalloys plant NA 60,000 FeMn,SiMn. . 
2013 Malaysia Рената Ferroalloys Plant!’ do. ^ NA 175000 MCFeMn,LC  — 
© (Sarawak) Pertama Ferroalloy SON BHD _________________________ FeMn, SiMn. 
2013* Russia Usinskoe Manganese Mine new mine NA 400000* Mnoe. с 
(Mezhdure- ZAO CHEK-Su.VK 
chensk, 
Kemerovo) a аи 
2013 South Africa Kudumane Manganese Mine do. NA 3,000,000 * Do. 
(North West) Kudumane Manganese Resources Pty. Ltd." EE 
2014 China Hongxin EMM Plants EMM plant expansion 53,000 190,000 EMM. 
© (Hubei Hunan) На Фор 
2014 China Hunan Dongfang EMM Plant do. 30,000 40,000 Do. 
2014 China Ningxia Tianyuan EMM Plant do. 300,000 800,000 Do. 
© (Nini _ NingüaTianysan Manganese Cow Lid, De 
2014 China Tycoon EMM Plant new EMM plant NA 100,000 Do. 
________-(узплао) _ TyeoonGrup — — 
2014' Gabon Moanda Metallurgical Complex new EMM and NA 65,000 — SiMn. 
(Haut-Ogooue) Compagnie Miniere de l'Ogooué ferroalloys plants NA 20,000 EMM. | 
2014' Do. Moanda Mine mine expansion 600,000 4,000,000 Mn ore. 
Compagnie Miniere de l'Ogooué 
емо | 
2014^* Gabon M'Bembélé Manganese Mine do. 300,000" 800,000 Do. 
(Moyen- Compagnie Industrielle et Commerciale 
2014 Indonesia Asia Mangan Mines do. 125,000 250,000 Do. 
(East Nusa PT Asia Mangan Group” | 
Tenggara, West 
2014 Ds x: PT Jasindo Kupang Smelter ferroalloys plant 168,000 288,000 ЕеМп, SiMn. 
PT Jasindo Utama expansion __________ x Mus um 
2014 Malaysia Tanjung Langsat Project new ferroalloys and NA pe ee Ale 
(Johor Bahru) OM Materials (Johor) Sdn Bhd sintering ыш МА © шы о 
2014 Malaysia Pertama EMM Plant new EMM plant NA , ВИ 
В 2: мт — — — 00000 500000° Mn ore. 
2014 Mexico Tajo Naopa Manganese Mine | mine expans , 
(Hidalgo) Minera Autlán Sociedad Anonima 
Bursátil de Capital Variable (ЗАВ de me" 
нт Manganese Мне === newmine-beneficiation- МА 3,000,000 Mn ore (sinter) 
2014 South Africa inter complex Мана 
2014 (Norte Cape) _Kolagadi Mange PY. LAr expansion | Я 7,200,000 2,400,000 Ма ore. 
: South Africa Tshipi Kalahari Manganese Mine mine expansion pev ? 6 
See footnotes at end of table. aa 
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TABLE 10—Continued 


MANGANESE MATERIALS: PROJECTS SCHEDULED FOR COMPLETION, BY YEAR, 2012-16^ *? 


(Metric tons, gross weight, unless otherwise specified) 


a a о а a e па тен ССС СЕЕ ЕЕЕ 


Incremental Total 
Projected annual annual 
year of first Country production production i 
production (State/Province) Project and company Project type capacity capacity Manganese product 
2014 Zambia Northern Zambia Manganese Mines do. 105,000 120,000 Do. 
(Luapula) Kaboko Mining Ltd. 
2014 Zambia Taurian Manganese Ltd. Ferroalloys Plant" ferroalloys plant 480,000 720,000 ЕеМа. 
(Central) Dharni Sampda Private Ltd. Group expansion 
2015° Indonesia Asia Mangan Ferroalloys Plant new ferroalloys plant NA 125,000 НС FeMn, SiMn. 
(East Nusa PT Asia Mangan Group 
Tenggara, West 
Timor) 
2015 | Kazakhstan Tekeli EMM Plant new EMM plant NA 30,000 EMM. 
(Almaty) Electro Manganese and ThyssenKrupp AG 
2015 Malaysia Sarawak Ferroalloys Plant’? new ferroalloys and NA 300,000 — Mn ore (sinter). 
(Sarawak) OM Materials (Sarawak) Sdn Bhd sintering plants МА 204,000 SiMn. 
NA 61,000 HC FeMn. 
2015" South Africa Kalagadi Coega Ferroalloys Plant new ferroalloys plant NA 320,000 HC FeMn. 
(Eastern Cape) Kalagadi Manganese Pty. Ltd. 
2015’ South Africa Wessels Mine mine expansion 500,000 1,500,000  Mnore. 
(Northern Саре) BHP Billiton Ltd. (44.496), Anglo 
American Corp. (29.6%), Ntsimbintle 
(9%), and others (17%) 
2016" India Balaghat Mines do. 450,000 “° 800,000 "* Do. 
(Balaghat, Mad- MOIL Ltd." 
hya Pradesh) 
2016 Ukraine Velikotokmakskoye Manganese Mine new mine and EMM plant NA 2,000,000 Мпоге. 
(Zaporizhia Hongxin Group NA 50,000 EMM. 
Oblast) 


"Estimated. "Revised. Do., do. Ditto. NA Not available. 
‘Estimated data are rounded to no more than three significant digits. 


"Projects in feasibility or later stages of development in 2011-12. Actual startup dates may be postponed, owing to economic or other factors. Additional projects 
might produce manganese materials by 2015, but not enough information was available to include them. 


*Includes projects having the following minimum tonnage capacities: 45,000 metric tons per year (t/yr) of manganese alloys or manganese ore and 10,000 t/yr 
of electrolytic manganese dioxide or electrolytic manganese metal. 


^EMD Electrolytic manganese dioxide. EMM Electrolytic manganese metal. FeMn Ferromanganese. HC FeMn High-carbon ferromanganese. LC FeMn 
Low-carbon ferromanganese. MC FeMn Medium-carbon ferromanganese. Mn Manganese. SiMn Silicomanganese. 


‘The Amit ferroalloys plant will have a ferromanganese production capacity of 55,400 t/yr and a silicomanganese production capacity of 39,600 t/yr. The plant 
will also have a ferrosilicon production capacity of 19,800 t/yr. 


$The Siberian Mining and Metallurgical Company (SGMK) Manganese Mine will have the capacity to produce 120,000 t/yr of manganese concentrates from the 
total ore mined. 


"A total of three ferrochromium furnaces at the Machadodorp Ferroalloys Plant will be converted to high-carbon ferromanganese production by 2012. 


*Steel Authority of India Limited (SAIL) became the new owner of the Chandrapur Ferroalloys Plant when it acquired Maharashtra Elektrosmelt Ltd. on 
July 12, 2011. | 


PT Asia Mangan Group is licensed to purchase local artisanal production and export through Wini Port. 
Kupang Resources Ltd. owns 5596 of the Kupang JV. The remaining 45% is owned by unspecified local Indonesian stakeholders. 


и } 
| The Pertama Ferroalloys Plant will have the capacity to produce 112,000 Џуг of ferrosilicon by 2014. At 51?6, Asia Minerals Ltd. (AML) has the majority 
interest in the plant. 


Asia Minerals Ltd. controls 49% of Kudumane Manganese Resources Pty. Ltd. 


13 
| The new Pertama EMM Plant may also produce electrolytic manganese dioxide; total production capacity for EMD and EMM would be 50,000 t/yr 
*The OM Materials Sarawak Ferroalloys Plant will also have a ferrosilicon production capacity of 300,000 t/yr. 


15 | | | 
E Ltd. operates 10 mines, of which 6 are in the Nagpur and Bhandara Districts of Maharashtra and 4 are in the Balaghat District of Madhya 
radesh. 


Sources: Company annual reports, presentations, and press releases; unpublished personal communications; and trade publications. 
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MERCURY 
By Robert L. Virta 


Domestic tables were prepared by Shonta E. Osborne, statistical assistant, and the world production table was prepared by 


Glenn J. Wallace, international data coordinator. 


Mercury was last produced as a principal product in the 
United States in 1992 when the McDermitt Mine in northern 
Nevada closed. In 2012, mercury was produced as a byproduct 
of processing domestic gold-silver ores, mainly in Nevada, and 
may have been produced as a byproduct of processing other 
metals. Imported byproduct mercury was refined domestically 
and the mercury was resold. Mercury also was recovered from 
end-of-service fluorescent and compact fluorescent (CFL) lamps 
and mercury-containing automobile convenience switches, 
batteries, dental amalgam, electronic waste, medical devices, 
and thermostats. It is likely that the manufacture of switches 
and relays was the leading domestic use for mercury, based on 
industry trends. Large quantities of mercury were involved in 
the manufacture of chlorine using mercury-cell technology but 
most of that mercury was recycled in-plant. Data on domestic 
byproduct and recycled mercury production were not available. 

Since 1927, the common unit for measuring and pricing 
mercury has been the "flask," which was set to conform to the 
historical measuring system used at Almaden, Spain (Myers, 
1951). One flask of mercury weighs 34.5 kilograms (kg), and 
I metric ton (t) of mercury is the equivalent to approximately 
29 flasks. The flask itself is a screw-top, welded-steel container 
that is approximately the size of a 2-liter bottle. 


Legislation and Government Programs 


Under the terms of the Mercury Export Ban Act of 2008, the 
U.S. Government banned exports of elemental mercury after 
December 31, 2012. The Act also prohibited any Federal agency 
from conveying, selling, or distributing elemental mercury 
under the control or jurisdiction of a Federal agency 
(U.S. Congress, 2008). 

In January 2012, the U.S. Environmental Protection Agency 
(EPA) incorporated new ASTM International standards in its 
final rule for the use of alternatives to mercury-containing 
thermometers, such as platinum resistance thermometers, 
thermistors, thermocouples, and portable electronic 
thermometers, for certain laboratory and field applications for 
petroleum refining, power generation, and polychlorinated 
biphenyl waste disposal. EPA determined that alternatives 
were readily available and comparable to mercury-containing 
thermometers in performance. The final rule became effective 
on March 19 (U.S. Environmental Protection Agency, 20124). 

In December, the EPA finalized changes to the Clean Air 
Act standards concerning mercury emissions from boilers and 
incinerators. The new standard was expected to reduce domestic 
mercury emissions by 2 to 3 metric tons per year (t/yr) 
from boilers and incinerators. Only the largest and highest 
emitting operations would be required to add pollution controls 
to meet the regulatory standards. The other operations would 
either be required to perform annual maintenance to minimize 
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emissions or be excluded from the standard owing to their use of 
clean-burning fuels. The final ruling improves flexibility when 
implementing the requirements of the standard and reduces 
implementation costs. Full compliance is required by 2016 for 
major boilers and 2018 for commercial and industrial solid 
waste incinerators (U.S. Environmental Protection Agency, 
2012a, b). 

In December, the EPA issued final amendments to its air 
toxic standards for portland cement manufacturing. Mercury 
emissions will be limited to 25 kilograms per million metric 
tons (kg/Mt) of clinker production, averaged more than 30 days 
for existing source kilns, and 10 kg/Mt for new source kilns. 
The new standard was projected to reduce mercury emissions 
from cement kilns by 93%. Changes to the ruling were expected 
to reduce implementation costs by $52 million from previous 
estimates. The deadline for full compliance to the ruling was 
extended to September 2015 (U.S. Environmental Protection 
Agency, 2012c). 

The National Defense Stockpile (NDS) inventory of 4,436 t 
of mercury was held at the Hawthorne Army Depot, Hawthorne, 
NV. As part of an agreement with the State of Nevada permitting 
storage at the depot, the inventory, contained in 128,672 
steel flasks, was scheduled to be repackaged into 1-metric- 
ton containers during a 15-year period. An environmental 
assessment determined that repackaging would pose little or no 
risk to the workers involved in repackaging, the environment, or 
surrounding communities (Defense Logistics Agency, Strategic 
Materials, 2012). 

The U.S. Department of Energy maintained an inventory 
of about 1,200 t of mercury in temporary storage facilities 
in Oak Ridge, TN. The agency began preparing an updated 
environmental impact statement (EIS) evaluating sites to 
permanently store the mercury. The agency's 2011 EIS 
considered seven sites in California, Idaho, Missouri, Nevada, 
South Carolina, Texas, and Washington for long-term storage 
of the mercury. A new EIS will evaluate two additional sites in 
New Mexico (U.S. Department of Energy, 2012). 


Production 


In 2012, byproduct mercury was recovered at several 
precious metals mines, mainly in Nevada. Data on the amount 


of byproduct mercury produced in the United States were 
not available. 


Consumption 


The U.S. Geological Survey does not collect end-use data on 
mercury. Based on industry trends and data in trade literature 
domestic consumption of mercury was estimated to be less | 
than 50 t in 2012. Consumption, which reached a record high 


48, | 


of 2,810 t in 1964, continued to decrease as mercury was 
eliminated from more consumer and industrial products. 

Using data from The Chlorine Institute, Inc. (2009) and 
Weinert (2009), an estimated 67 t of mercury was used in the 
United States in 2007, 4196 of which was used for switches and 
relays, 22% for dental amalgam, 14% for fluorescent lamps, 
7% for chlorine-caustic soda (chloralkali) production, and 
16% for miscellaneous uses, including batteries, chemicals, 
sphygmomanometers, thermometers, and thermostats. The 
chloralkali industry used 5 t of mercury in 2007 (calculated as 
the ratio of pounds of mercury used per metric ton of chlorine 
produced) but purchased 46 t. The U.S. market share for 
chloralkali, based on industry purchases of 46 t would have been 
43%. Complete end use data were not available beyond 2007. 

Global human health and environmental concerns about 
mercury have caused a decline in mercury purchases by the 
chloralkali industry as it continued to shift away from using 
mercury cell technology. Use of mercury by the U.S. chloralkali 
industry declined to 4 t in 2008 from 137 t in 1996 (Chlorine 
Institute, Inc., The, 2009). In 2012, Olin Corp. (2013, p. 4) 
closed its mercury cell chlorine-caustic soda unit in Augusta, 
GA, and converted its Charleston, TN, plant from mercury 
cell to membrane technology. Only two mercury cell plants 
remained operational in the United States, one in Ohio and one 
in West Virginia. 


Recycling 


Mercury was reclaimed from end-of-service automobile 
convenience switches, CFLs, dental amalgam, fluorescent 
lamps, laboratory and medical devices, mercury contaminated 
waste, and thermostats in 2012. The voluntary National Vehicle 
Mercury Switch Recovery Program (NVMSRP) was started in 
2006 by the EPA to stop toxic emissions of mercury when Cars 
are scrapped and then melted to make new steel. Funding for 
the program was depleted in July 2009. However, payments 
continued in 11 States where NVMSRP are required by law or 
that have a State-funded program using funds received from | 
a 2011 settlement against a major vehicle manufacturer that 
did not contribute to the NVMSRP because of bankruptcy | 
proceedings. The goal of the NVMSRP is to collect 80% to 90% 
of the automotive mercury switches by 2017 (Attorney General 
of Massachusetts, 2011; U.S. Environmental Protection Agency, 
gcc 2012, byproduct mercury from domestic and foreign 

and mercury reclaimed from end-of-service products 
MOL. led in the United States and then sold 
xported. With the U.S. ban on 
y domestic markets remained 


were processed or тесус 
to domestic consumers or e 
elemental mercury exports, onl 
after December 31. 


In 2012 several companies that recycled mercury included 


_ Allentown, PA; Bethlehem Apparatus Co., 
gg omaes PA; Clean Harbors, Inc., Norwell, Ws 
F ( Goldsmith Chemical and Metal Согр., ме 
5 | Environmental Services, Louisville, KY; and ва 
мен КЕ Inc., Houston, TX (Benivia LLC, undated). 


482 


Google 


Prices 


The domestic price of mercury averaged $1,850 per flask in 
2012, unchanged from 2011 but more than triple that in 2009. 
The price range for mercury, as quoted in Platts Metals Week, 
remained unchanged throughout the year. The low and high 
prices were quoted as $1,750 per flask and $1,950 per flask, 
respectively. 


Foreign Trade 


In 2012, mercury imports were 249 t and exports were 103 t. 
Imports increased significantly in 2012, in part owing to 
foreign companies storing byproduct mercury for 2 to 3 years 
before exporting it to the United States for processing and (or) 
increased availability of mercury from the closure of mercury 
cell units at foreign chloralkali plants. Argentina (130 t), Chile 
(52 t), Canada (46 t), and Germany (11 t) were the leading 
sources of imported mercury and accounted for 96% of the 
mercury imported into the United States in 2012. Indonesia 
(75 t), Nigeria (18 t), Peru (5 t), and Canada (4 t) were the 
principal export destinations for mercury in 2012 and accounted 
for 99% of U.S. exports of mercury. 

In 2012, a total of 21 t of amalgam was imported into the 
United States. Amalgam is defined as mercury alloyed with one 
or more metals and may include mercury-containing chlorine- 
caustic soda waste. Principal amalgam source countries were 
Germany (6 t), Japan and Mexico (3 t each), and Argentina and 
the United Kingdom (2 t each). A total of 171 t of amalgam was 
exported from the United States, and principal destinations were 
Austria (36 t), Canada and Mexico (26 t each), Japan (19 t), 
India (13 t), and the Netherlands (10 t). 


World Review 


In 2012, world mercury mine production was estimated to be 
1,810 t. China (1,350 t) and Kyrgyzstan (250 t) were the world’s 
leading producers of mercury. World production estimates 
have a high degree of uncertainty because most companies 
and countries may not report primary mine, byproduct mine, 
or secondary production data owing to environmental and 
health concerns. Quantities may appear erratic from year to 
year because production may not be reported until shipped and 

ckpiling may occur prior to shipment. | 
Es rdi Hs the exposure of workers in gold |“ 
and gold shops and local residents. There were an ders " 
15 million small-scale mine workers in Africa, Asia, and pe 
America that used mercury to recover and refine gold. Th 4 
Nations (UN) study recorded mercury air RSET "Ee. 
gold shops in Segovia, Colombia, to be more d ? НОЮ 
the public exposure limits set by the World Health Org E 
In an effort to stem the use of mercury for gold ee ere 
Colombia and elsewhere, the EU banned exports in ARE 
United States banned exports after 2012 ПА сене 
2012). The UN also continued with its program pipe ROR a 
mercury emissions, promoting permanent mercury 
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eliminating the most environmentally unsound uses of mercury 
(United Nations Environment Programme, undated). 

The number of chloralkali plants that used mercury cell 
technology decreased worldwide—the number of mercury cell 
plants decreased to 53 in 2011 from 91 in 2002. Mercury cell- 
based chlorine production capacity decreased to 5.3 million 
metric tons (Mt) in 2011 from 9.1 Mt in 2002. Mercury 
emissions from chloralkali plants decreased to 6.9 t/yr in 2011 
from 24.6 t/yr in 2002 (Euro Chlor, 2012, p. 17). 

Colombia was one of the leading three countries that used 
mercury. Because of the hazards of exposure to gold miners and 
gold refiners from mercury metal and vapors, the Colombian 
government continued a program designed to reduce mercury 
use by small-scale miners to 70 t/yr from 140 t/yr. Through their 
actions and those of international organizations, mercury use by 
intermediate-sized gold mines declined in Antioquia and Narino. 
In Сћисб, use of mercury for gold mining when using dredges 
and sluices declined. Also, more gold refiners began capturing 
mercury vapors using a variety of methods when heating gold 
amalgams during processing (Brooks, 2012). 


Outlook 


Global mercury use continued to decline with the exception 
of mercury used in the CFL industry and in small-scale gold 
mining. If gold prices rise, they are likely to stimulate increased 
demand for mercury in the small-scale gold mining industry. 

Mining and recycling companies are beginning to place more 
byproduct mercury into permanent storage rather than selling it 
as worldwide pressure continues to reduce mercury pollution. 
Newmont Mining Corp. (2012) began negotiating with the 
Federal Government concerning permanent storage of byproduct 
mercury from its Nevada operations. Newmont already was 
shipping its byproduct mercury from the Yanacocha mine in 
Peru to Germany for treatment and storage. 

Gallium alloys may provide nontoxic substitutes for mercury 
in a wide variety of applications that include electrical switches, 
liquid mirror telescopes, pumps, and sensors. Gallium can be 
alloyed with a variety of metals that include silver, gold, lead, 
cesium, and tin. Galinstan, an alloy of gallium, indium, and tin, 
is liquid at room temperatures and, owing to the low toxicity of 
its component metals, is a replacement for mercury in switches 
and measuring devices. Because of its higher reflectivity and 
lower density than mercury, galistan also is being considered 
as a replacement for mercury in liquid mirror telescopes for 
astronomy. Mercury-containing dental amalgam, which is less 
aesthetically pleasing, has declined in use, replaced by ceramic 
material with a more natural appearance. Closure of mercury 
cell chlorine-caustic soda production facilities worldwide, 
Owing to pressure from international environmental and 
health organizations, was expected to result in release of large 
quantities of mercury for disposal, recycling, or storage. 

Recycled mercury from mercury cell chlorine-caustic soda 
plants, commercial products, and byproduct mercury recovered 
from domestic and foreign precious metals operations are 
expected to be more than adequate to meet domestic needs. 
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TABLE | 
SALIENT MERCURY STATISTICS! 


(Metric tons unless otherwise specified) 


NEN DOTT MEMOERSSEGRNRGECI =ч ТТНТ 
2008 2009 2010 2011 2012 


United States: 


be ee Na ATT = 
— Secondary production, industrial NACA NA NA NA _ 
Imports for consumption 155 206 294 110 
Exports 732 753 459 133 103 
+ dustry stocks, y i NA 
Industry stocks, yearend:” 24 30 NA NA Ma 
Chloralkali 20 27 NA NA Ma 
Other 4 3 NA NA 57 
1,850 | 
. ket? dollars per flask 600 610 1,076 ; > 
а mine production 1,820 1,990 2,250 2,000" 1810. 
World, mine production MT ine ы әз сы i mi e Le er 


"Estimated. Revised. NA Not available. | 
! Data are rounded to no more than three significant digits, except prices. 
?Gtocks at consumer and dealers only. 

3Source: Platts Metals Week. 
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TABLE 2 
U.S. IMPORTS AND EXPORTS OF MERCURY, BY COUNTRY' 


2011 2012 
Quantity, Quantity, 
gross weight Value gross weight Value 
Country (metric tons) (thousands) (metric tons) (thousands) 
Imports: 
Argentina -- -- 130 53,560 
_ Canada EE 7 $34 46 133 
.. Chile 90 224 52 139 
__ Germany 3 183 11 862 
Mexico -- -- 6 39 
Peru ] 8 — -- 
Ukraine mu 8 306 3 113 
Other i (2) 22 1 15 
Тога! о 77 мш = 4,860 
Exports: 
Australia dE 11" 199 " = ЕЕ 
Сапада 96 1,050 4 44 
. Guyana 22 687 а = 
Indonesia -- -- 75 102 
Netherlands (2) 7 ЭЕ X 
Nigeria Е 5 18 17 
Peru m -- -— 5 13 
Vietnam 2 81 "S gis 
Other 2 47' | 67 


"Revised. -- Zero. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
*Less than М unit. 


Source: U.S. Census Bureau. 
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Country 

Imports: 

Argentina 

Germany 

Japan 

Mexico 

United Kingdom 

Other 


тш OOOO 


Exports: 
Austria 
Canada 
China 


, Chin ^ ^ ^ 3 .»— — 
Denmark _______ 


France 
Germany 
Hong Kong 
India 

Japan 
Korea, Republic of 
Mexico 
Netherlands 
Peru 
Philippines 
Singapore 
Taiwan 
Thailand 


E Uo o р 
Trinidad and Tobago 


United Kingdom 
Other 
Total 
Revised. -- Zero. 


TABLE 3 
U.S. IMPORTS AND EXPORTS OF AMALGAMS' OF PRECIOUS METALS, 
WHETHER OR NOT CHEMICALLY DEFINED, BY COUNTRY ? 


2011 


Quantity, 
gross weight 
(metric tons) 


128 


! An alloy of mercury with one or more other metals. 
"Data are rounded to no more than three significant digits; may not add to totals shown. 


31 ess than У unit. 


Source: U.S. Census Bureau. 
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Value 
(thousands) 


$17,600 
10,100 
2,240 
4,790 
10,500 
22,100 


67300 — 


51 
11,100 
10,400 
10,600 

2,470 
472 
61,500 
3,680 
26,400 
56,900 
32,700 
160 
1,820 
52,800 
39,300 
10,400 
20,100 
341,000 


2012 
Quantity, 
gross weight Value 
(metric tons) (thousands) 
2 $17,600 
6 10,100 
3 3,060 
3 4,790 
2 10,500 
| 5 30,200 
21 76,200 
36 100 
26 18,600 
1 7,130 
(3) 19 
(3) 6,690 
6 23,500 
(3) 235 
13 57,400 
19 6,430 
3 38,000 
26 42,500 
10 26,000 
1 271 
3 24 
(3) 683 
2 20,100 
2 17,900 
3 39 
6 5.950 
6 14,000 
171 286,000 
U.S. GEOLOGICAL SURVEY MINERALS YE 
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Country? 
Chile’ 
China‘ 
Finland 


Kyrgyzstan* 


Mexico”? 

Morocco” 

Peru, ехропіѕ“ 

Russia" 

Tajikistan" 

United States* 
Total 


MERCURY: WORLD MINE PRODUCTION, BY COUNTRY" : 


1,820 


“Estimated. "Revised. NA Not available. 


'World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
2ТаЫе includes data available through July 2, 2013. 


*Canada and Spain are thought to produce byproduct mercury, but information on its production is inadequate to make reliable estimates. 


*Byproduct mercury. 


: Mercury data beginning in 2012 are obtained by subtracting imports from Mexican exports of mercury, as the 


TABLE 4 


(Metric tons) 


2009 
88 
1,430 ' 


NA 
1,990 € 


2,250 


NA 
2,000 ' 


Servicio Geológico Mexicano and the Secretaría de Economia do not publish mercury production data any longer. 
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1,810 
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MICA 


By Jason Christopher Willett 


The world production table was prepared by Glenn J. Wallace, international data coordinator. 


Mica production decreased in 2012 compared with that 
of 2011. In 2012, production of scrap and flake mica in the 
United States decreased to an estimated 47,500 metric tons (t); 
this was more than 9% lower than that of 2011 (tables 1,12). The 
quantity of ground mica sold or used by producers decreased 
to 78,500 t valued at $23.5 million (tables 1—2). Essentially all 
sheet mica used in the United States was imported, and China, 
Brazil, Belgium, and Austria were, in decreasing order by 
quantity, the major suppliers (table 10). In 2012, consumption 
of muscovite block mica in the United States was 0.91 t, a slight 
increase compared with that of 2011 (tables 1, 3). Consumption 
of mica splittings increased to 285 t in 2012 from 271 t in 2011 
(tables 1, 4). Worked and unworked sheet mica exports 
increased to 1,660 t in 2012 from 1,040 t in 2011, and the 
value increased to $21.7 million in 2012 from $18.1 million in 
2011 (table 11). U.S. imports of worked and unworked sheet 
mica increased to 2,380 t in 2012 from 2,190 t in 2011, but the 
value decreased to $19.7 million in 2012 from $19.9 million in 
2011. World production of mica was estimated to be essentially 
unchanged at 1.1 million metric tons (Mt) in 2012 (table 12). 

The mica group represents 37 phyllosilicate minerals that 
have a layered or platy texture. The commercially important 
micas are muscovite and phlogopite, which are used in a 
variety of applications. Mica’s value is based on several of 
its unique physical properties. The crystalline structure of 
mica forms layers that can be split or delaminated into thin 
sheets. These sheets are chemically inert, dielectric, elastic, 
flexible, hydrophilic, insulating, lightweight, platy, reflective, 
refractive, resilient, and range in opacity from transparent 
to opaque. Mica is stable when exposed to electricity, light, 
moisture, and extreme temperatures. Mica has superior electrical 
properties as an insulator and as a dielectric. It can support 
an electrostatic field while dissipating minimal energy in the 
form of heat, can be split very thin (0.025 to 0.125 millimeter) 
and still maintain its electrical properties, has a high dielectric 
breakdown, is thermally stable to 500 ?C, and has corona 
resistance. Muscovite is the principal mica used by the electrical 
Industry to make mica-based capacitors that can operate in 
environments with temperatures and (or) frequencies that are 
too high for polypropylene capacitors. Phlogopite mica is used 
in plastic composites for automotive applications because of 
its dimensional stability, increased stiffness and improved heat 
distortion temperature. Muscovite and phlogopite are used in 
sheet and ground forms (Rieder and others, 1998, p. 43—45). 


Production 

Domestic mine production data for mica are developed by the 
U.S. Geological Survey from four separate voluntary surveys. 
Mica was recovered from mica schist, high-quality sericite 


schist, weathered pegmatites, gemstone pegmatite (sheet only), 
and as a coproduct of feldspar and kaolin mining and processing 
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operations. In 2012, eight companies produced scrap and flake 
mica in four States with the largest quantity produced in South 
Dakota. The United States was опе of the world’s principal 
producers, with production of about 47,500 t (table 1). These 
same companies produced 78,500 t of ground mica from 
domestic and imported scrap and flake mica at nine grinding 
plants in three States; six plants produced dry-ground mica, and 
three produced wet-ground mica. 

Sheet mica was produced as a byproduct from one mine in 
2012. Small quantities of muscovite sheet and scrap mica were 
produced as a byproduct by Morefield Gem Mine, Inc. in Amelia 
County, VA. The pegmatite was mined primarily for gemstones 
and mineral specimens using underground methods. The mine 
also produced biotite and zinnwaldite mica for collectors. 


Consumption 


Ground Mica.—The leading domestic use of dry-ground 
mica was in joint compound for filling and finishing seams 
and blemishes in gypsum wallboard (drywall) (table 2). The 
mica acts as a filler and extender, provides smooth consistency, 
improves the workability of the compound, and provides 
resistance to cracking. In 2012, joint compound accounted for 
69% of dry-ground mica sold or used by producers. 

Ground mica is used in the well-drilling industry as an 
additive to drilling muds. The coarsely ground mica flakes help 
prevent the loss of circulation by sealing porous sections of the 
drill hole. The monthly U.S. drill rig count increased 27 out of 
28 months between July 2009 and October 2011. Decreases 
were reported almost every month since October 2011 with 
233 fewer drill rigs operating at the end of 2012 compared with 
that of October 2011. The average monthly drill rig count for 
2012 was 1,919 or 43 operating rigs more than the average of 
2011 (Baker Hughes, 2013). Well drilling muds accounted for 
more than 14% of dry-ground mica use in 2012, a slight increase 
compared with that of the previous year. 

The plastics industry used dry-ground mica as an extender 
and filler, especially in parts for automobiles as lightweight 
insulation to suppress sound and vibration. Mica is used in 
plastic automobile fascia and fenders as a reinforcing material 
improving mechanical properties and increasing dimensional | 
stability, stiffness, and strength. Mica-reinforced plastics also 
have high-heat dimensional stability, reduced warpage, and 
the best surface properties of any filled plastic composite, In 
2012, consumption of dry-ground mica in plastic applications 
accounted for about 396 of the total. 

In the paint industry, ground mica is used as a pigment 
extender that also facilitates suspension, reduces chalking 
prevents shrinking and shearing of the paint film, increases 
resistance of the paint film to water penetration and weathering 
and brightens the tone of colored pigments. Mica also promotes 
paint adhesion in aqueous and oleoresinous formulations. 


49.1 


Consumption in paint accounted for 2.4% of the dry-ground 
mica used in 2011. 

The rubber industry used ground mica as an inert filler and 
mold release compound in the manufacture of molded rubber 
products, such as tires and roofing. The platy texture acts as 
an antiblocking, antisticking agent. As a rubber additive, mica 
reduces gas permeation and improves resiliency. 

Dry-ground mica is used in the production of rolled roofing 
and asphalt shingles, where it serves as a surface coating 
to prevent sticking of adjacent surfaces. The coating is not 
absorbed by freshly manufactured roofing because mica's 
platy structure is unaffected by the acid in asphalt or by 
weather conditions. Mica is used in decorative coatings on 
wallpaper, concrete, stucco, and tile surfaces. It also is used as 
an ingredient in flux coatings on welding rods, in some special 
greases, and as coatings for core and mold release compounds, 
facing agents, and mold washes in foundry applications. 

Dry-ground phlogopite mica is used in automotive brake 
linings and clutch plates to reduce noise and vibration (asbestos 
substitute); as sound-absorbing insulation for coatings and 
polymer systems; in reinforcing additives for polymers to 
increase strength and stiffness and to improve stability to 
heat, chemicals, and ultraviolet (UV) radiation; in heat shields 
and temperature insulation; in industrial coating additives to 
decrease the permeability of moisture and hydrocarbons; and in 
polar polymer formulations to increase the strength of epoxies, 
nylons, and polyesters. 

Wet-ground mica, which retains the brilliancy of its cleavage 
faces, is used primarily in pearlescent paints by the automotive 
industry. In the cosmetics industry, its reflective and refractive 
properties make mica an important ingredient in blushes, | 
eyeliner, eyeshadow, foundation, hair and body glitter, lipstick, 
lip gloss, mascara, moisturizing lotions, and nail polish. Mica is 
added to latex balloons to provide a colored shiny surface. 

Natural mica is used by the Taos and Picuris Pueblos Indians 
in north-central New Mexico to make pottery. The pottery 15 
made from weathered pre-Cambrian mica schist and has flecks 
of mica throughout the vessels. Tewa Pueblo pottery is made by 
coating the clay with mica to provide a dense-glittery micaceous 
finish over the entire object. | m 

Built-Up Mica.—Muscovite and phlogopite splittings 
were fabricated into various built-up mica products by seven 
companies that operated seven plants in five States. к 
by mechanized ог hand setting of overlapping splittings an А 
alternate layers of binders and splittings, built-up mica is use 

‘marily as an electrical insulation material. Mica insulation 
e: у high-temperature and fire-resistant power cable in 
Е а a h ts. blast furnaces, critical wiring circuits (for 
ped e : - svstems, fire and security alarm systems, 
example, » s ), heaters and boilers, lumber kilns, 
and surveillance systems), is REX E 

| d tanks and furnace wiring. Specific high 
metal smelters, ат. ble is rated to work for 
ture mica-insulated wire and cable is r | 
tempera utes in molten aluminum, glass, and steel. Major 


ei = bonding materials; flexible, heater, molding, and 
pro 


. mica paper; and tape (table 5). 
orn А pae а of built-up mica that was consumed 
n А 


hipped was estimated to be about 291 t. Segment plate and 
or ship 
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molding plate were the major end products and accounted for 
5196 and 18% of the total, respectively. 

Flexible plate (cold) is used in electric motor and generator 
armatures, field coil insulation, and magnet and commutator | 
core insulation. In 2012, mica consumption in flexible plate was 
an estimated 18 t valued at $288,000. | 

Heater plate is used where high-temperature insulation is | 
required. The value of built-up mica used in making heater 
plates increased by 2296 in 2012 compared with that of 2011. 

Molding plate is sheet mica from which V-rings are cut and 
stamped for use in insulating the copper segments from the steel 
shaft ends of a commutator. Molding plate is also fabricated into 
tubes and rings for insulation in armatures, motor starters, and | 
transformers. Consumption for molding plate increased slightly 
to an estimated 52 t in 2012. 

Segment plate acts as insulation between the copper 
commutator segments of direct-current universal motors and 
generators. Phlogopite built-up mica is preferred because 
it wears at the same rate as the copper segments. Although 
muscovite has a greater resistance to wear, it causes uneven 
ridges that may interfere with the operation of a motor or 
generator. Consumption of segment plate was estimated to be 
about 147 t in 2012, the same as that in 2011. 

Some types of built-up mica have the bonded splittings 
reinforced with glass, linen, muslin, plastic, silk, or special 
paper. These products are very flexible and are produced in | 
wide, continuous sheets that are either shipped, rolled, or cut 
into ribbons or tapes, or trimmed to specified dimensions. 
Built-up mica products may also be corrugated or reinforced by 
multiple layering. | 

Mica Paper (Reconstituted Mica).—Primary uses for mica 
paper are the same as those for built-up mica. Five companies 
consumed scrap mica to produce mica paper for electrical 
and insulation applications. The principal source of the scrap 
was India. | 

Sheet Mica.—Sheet mica is used principally in the electronics 
and electrical industries. Its usefulness in these applications 
is derived from its unique electrical and thermal insulating 
properties and its mechanical properties, which allow it to be 
cut, punched, stamped, and machined to close tolerances. | 

The leading use of block mica is as ап electrical i 
electronics equipment. High-quality block mica is processe Р, 
line the gauge glasses of high-pressure steam boilers е 
its flexibility, transparency, and resistance to heat and chemi 
attack. Other uses include diaphragms for Oxygen ар 
equipment, marker dials for navigation compasses, T 
filters, pyrometers, retardation plates in helium-neon m - 
thermal regulators, and stove and kerosene heater win а gm 
Specialized applications for sheet mica are found аА dud 
components in air-, ground-, and sea-launched missile Sy а. 
laser devices, medical electronics, optical па his 
systems, radiation detector windows that are поли Бе: 
emissions (Geiger-Mueller tubes), and for radiation ане 

Only high-quality muscovite film mica, which 15 = i 
called India ruby mica or ruby muscovite mica, 15 usec aor 
dielectric in capacitors. The highest quality mica film 15 


brati xt lower 
manufacture capacitors for calibration standards. The ne 
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grade is used in transmitting capacitors. Receiving capacitors 
use a slightly lower grade of high-quality muscovite. 

In 2012, fabrication of ruby and nonruby muscovite block 
consumed 0.91 t, a slight increase from that consumed in 2011 
(table 3). One producer reported that the majority of insulators, 
RT washers, stove mica, and all film parts were from India. 
Stained and lower-than-stained quality muscovite remained 
in greatest demand and accounted for about 56% of the 
consumption of ruby and nonruby mica block. Consumption of 
nonruby mica block was 53% for stained and lower-than-stained 
quality and 47% for good quality. 

Mica splittings represented the largest part of the sheet mica 
industry in the United States. Consumption of muscovite and 
phlogopite splittings decreased slightly to an estimated 285 t in 
2012 (table 4). Muscovite splittings from India accounted for 
essentially all domestic consumption. 


Stocks 


In 2012, the reported yearend industry stocks of muscovite 
mica block (ruby and nonruby) decreased by 396 to 11.6 t from 
12.0 t in 2011. Industry stocks of muscovite and phlogopite 
mica splittings, at an estimated 80 t, were slightly lower than 
those in 2011 (table 4). 


Prices 


Sheet mica prices vary with grade and can range from 
less than $1 per kilogram for low-quality mica to more than 
$2,000 per kilogram for the highest quality. The estimated 
average values of mica block and splittings consumed in the 
United States in 2012 were muscovite block (ruby and nonruby), 
$160 per kilogram; muscovite and phlogopite splittings, 
$1.72 per kilogram; phlogopite block, $145 per kilogram; and 
phlogopite splittings, $16 per kilogram. 

In 2012, the average U.S. value of scrap and flake mica, 
which included high-quality sericite, was estimated to be 
$128 per metric ton (table 1). The average value of dry-ground 
mica was estimated to be $332 per ton, and the average value of 
wet-ground mica was estimated to be $651 per ton. 


Foreign Trade 


The value of U.S. exports of mica increased by 11% to 
$29.7 million, and the quantity increased by 9% to 7,560 t 
(table 11). Domestic ground mica (powder) exports increased 
very slightly to 5,820 t in 2012. Ground mica exports decreased 
in value to $8.0 million in 2012 from $8.7 million in 2011. 
Exports of crude and rifted mica tripled to 396 t in 2012 from 
128 t in 2011 (table 6); the value of crude and rifted mica 
exports, however, only doubled in 2012 compared with that of 
2011. This was because of a large increase in exports of low 
value crude and rifted mica to Mexico. 

U.S. imports of all mica totaled 29,600 t and were valued at 
$36.9 million, with a slight increase in unit value compared with 
that of 2011 (table 11). In 2012, total imports for consumption 
of unworked split block, film, splittings, and mica sheet 
categorized as *Other" increased by 9% to 2,810 t, almost all 
of which was comprised of unworked low-value scrap mica 
(less than $1.00 per kilogram) (table 8). Demand increased for 
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the low-value mica used as a dry-ground additive for drywall 
compound, fillers, and paints. In 2012, 23,500 t of powder mica 
was imported, mostly from Canada, China, and Finland, 3% less 
than that in 2011 (table 9). Worked mica imports were 2,170 t, a 
7% increase from those of 2011 (table 10). 


World Review 


World production of mica was estimated to be 1.10 Mt, 
virtually the same as in 2011 (table 12). Production estimates 
for 2011 were replaced by reported totals from Argentina, 
Brazil, Madagascar, Malaysia, Peru, South Africa, and Spain. 
Production of mica in Brazil was estimated to be unchanged 
while reported imports for consumption of worked mica 
increased 8% in 2012. 


Outlook 


The major markets for ground mica—drywall joint 
compounds and paints—are mature and relatively stable, 
with growth tied to new housing starts and interest rates. 

As the domestic housing market recovers from the 2008—09 
recession, the long-term outlook for ground mica is for an 
expected production growth of 196 to 3% per year. Demand is 
also affected by automobile production because interior and 
exterior parts typically contain dry-ground mica or engineered 
mica composites, and exterior surfaces may be painted with 
wet-ground pearlescent pigments and mica-containing coatings. 
North American automobile production was forecast to increase 
by about 4% in 2013 (J.D. Power and Associates, 2013). 

As the economy continues to recover, demand for ground 
mica in smaller specialty markets such as coated micas, 
cosmetics, nylon and polyester resins, and polypropylene 
composites was expected to resume an annual growth rate 
slightly higher than that of the entire ground mica industry. 

Demand for block mica was expected to increase slowly 
at about 1% per year as demand increases in a few specialty 
markets, such as electronics. A shortage of high-quality block 
mica was expected to continue because of the generally low 
percentage of high-quality mica in deposits currently being 
mined, mostly from pegmatites. 

Consumption of mica splittings, which is the principal type 
of sheet mica consumed in the United States, has been in the 
range of 300 to 400 metric tons per year in recent years. With no 
potential new uses apparent and many substitute materials being 
used, substantial growth is not expected. 
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TABLE 1 
SALIENT MICA STATISTICS! 
2 NNNM MEME. 
United States: 
Production, sold or used by producers: 
Scrap and flake mica: 
Quantity metric tons 85.200 51,100 56,100 ' 52,000 ' 47,500 
Мајџе thousands $10,200 $6,530 $8,250 ' $6,890 ' $6,070 
Ground mica: 
— о  meretos — 9810 — 77000 7560 — 11 35040 — 1 ОН 
Value thousands $26,500 $23,200 $22,800 $24,000 | $350 .b 
Prices: 
Scrap and flake mica dollars per metric ton 120 128 147 ' ]3' 28 
Ргу до. 251 284 350 ' 332 ' 32. 
ру ooe a a H Е. I mL d Lu MEM IL „шшш. 
Wet do. 651 651 651 651 651 
Sheet, muscovite and phlogopite: —^ — 11. 160 
Block dollars per kilogram 122 121 130 2 
С Splittings do. 1.53 1.66 EINEN NIMM 1 6 
. Consumption: — 1 —- 
Block, muscovite: | | | | | 
С Quay ____________ Тш су 0 __ еу 
ae thousands $127 $131 ST $135 5145 
-  Splitingsalltypes _____________- 085 
Comat) oe see =. Ее 308 266 1.2/5. | Lu 
mu i ан thousands $471 $40 ии M. "s 
Exports metric ons 11,100 9,150 7,410 6,910 — o 
x 28,800 21,400 | 28400 — 29,700 enm 
Imports 1,200,000 ' 1,060,000 ' 1,110,000" _ 1,100,000 ' 1,10 


World, production 
"Estimated. ‘Revised. do. Ditto. 
!Data are rounded to no more than three significant digits. 
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TABLE 2 
GROUND MICA SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY END USE 
AND METHOD OF GRINDING"? 


2011 2012 

Quantity Value Unit Quantity Value Unit 
(metric tons) (thousands) value (metric tons) (thousands) value 

End use: А 
Joint compound 45,100 $11,600 $258 42,600 $11,000 $258 
Paint 16,700 6,430 384 16,700 6,430 384 
Plastics р 2,040 1,310 640 2,110 1,340 637 
Other 16,600 4,590 277 17,000 4,700 277 
Total 80,400 24,000 298 78,500 23,500 299 

Method of grinding: 

Dry W W 332° W W 332 
Wet W W 651 W W 651 


"Revised. W Withheld to avoid disclosing company proprietary data. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Domestic and some imported scrap. Low-quality sericite is not included. 


"Includes mica used for molded electrical insulation, roofing, rubber, textile and decorative coatings, welding rods, 
well-drilling mud, and miscellaneous. 


TABLE 3 
FABRICATION OF MUSCOVITE BLOCK MICA 
IN THE UNITED STATES, BY QUALITY! 


(Kilograms) 
» 20 — 2012. 
Good stained or better 374 400 
Stained or lower than stained? 518 509 
Total 893 909 


! Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes punch mica. 


TABLE 4 
ESTIMATED CONSUMPTION AND STOCKS OF MICA SPLITTINGS 
IN THE UNITED STATES 
|| Consumption Stocks on 
Quantity Value December 31 
Year (metric tons) (thousands) (metric tons) 
2011 271 $444 81 
2012 | 285 490 80 
TABLE 5 


ESTIMATED BUILT-UP MICA SOLD OR USED IN THE UNITED STATES, ВУ PRODUCT"? 


Е ЕЕ ВЕНЕ ышы ИЗВИНИ ВОИН 


2011 2012 
Quantity Value Quantity Value 
E NES (metric tons) (thousands) (metric tons) (thousands) 
Flexible plate (cold) — . "P 18 $238 18 $288 
Heater plate " 2 18 2 22 
Molding Aolding plate 5 46 384 52 457 
Segment plate — — ере 147 282 147 277 
Othe? ___ ________76 358 73 393 
Тога] 288 1,280 291 1,440 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


‘Consists of alternating layers of binder and irregularly arranged and partly overlapped splittings. 
*Includes mica used in tape and miscellaneous products. 
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TABLE 6 
U.S. EXPORTS OF CRUDE AND RIFTED MICA, MICA POWDER, AND WASTE, BY COUNTRY! 


крш e д е mM E ————————— ——Á—Áa—— каља RÀ 


2011 
2012: 


Algeria 


Country 


Argentina 
Bahamas, The 


Barbados 
Belgium 
Brazil 
Canada 


Chile 


China 

Colombia 

Congo (Kinshasa) 
Costa Rica 
Dominican Republic 
Ecuador 

El Salvador 


Finland 


France 


Germany 
India 


Italy 


Japan 

Korea, Republic of 
Malaysia 

Mexico 
Netherlands 


Peru 


Philippines 
Saudi Arabia 
Singapore 
Spain 


_ MRS ____—— 


Taiwan 
United Kingdom 


Venezuela | 


_ Other 
Total 


-- Zero. 


Source: 


U.S. Census Bureau. 


Crude and rifted 
Less than $1 per kilogram More than $1 per kilogram Powder 

Quantity Value Quantity Vale — Quantity Маше — 

(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 
58 $24 70 $286 5,800 $8,700 

-- -- -- -- 280 158 

ы " 4 12 = 2 
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2 Е => 55 10 48 

2 x 13 94 23 103 

22 d 2 > 22 13 
259 181 137 | $4 5,820 __ 13980 

—. Toad — 0 0 0 ыш Бы ____5_" ____--__- 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
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ТАВГЕ 7 


U.S. EXPORTS OF WORKED MICA, BY COUNTRY! 


Plates, sheets Other 
Quantity Value Quantity Value 
Country (metric tons) (thousands) (metric tons) (thousands) _ 
2011 470 $11,000 508 $6,850 
2012: 
Argentina 2 15 | 24 
Australia Ш 2 67 7 69 
Austria -- -- 262 1,530 
Brazil 40 942 14 592 
Сапада 121 3,550 64 2,030 
Chile 13 47 (2) 9 
__Сћта _ 5 173 61 484 
Colombia 49 276 9 106 
Costa Rica 4 26 2 3 
Dominican Republic 240 701 17 37 
__ El Salvador "nup 4 17 -— -- 
Егапсе 43 1,360 4 225 
Germany 6 223 | 19 
Guatemala 10 50 -- -- 
Jamaica 10 53 -- = 
Japan 4 122 30 301 
__ Korea, Republic of 42 1,150 (2) 25 
Mexico 104 2,720 36 1,210 
Switzerland Е 49 1,080 эз is 
Taiwan m 20 363 12 297 
Trinidad and Tobago moy 11 29 = E 
United Kingdom Е 19 231 | 21 
__Отег 14 504 6 338 
Total 812 13,700 | 88 130 
-- Zero. 
Data are rounded to no more than three significant digits; may not add to totals shown. 
20е than ^ unit. 
Source: U.S. Census Bureau. 
TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF CRUDE AND RIFTED MICA, BY COUNTRY! 
Other 
Split block |. Splitings . Less than $1 per kilogram More than $1 per kilogram — 
Quantity Value Quantity Value Quantity Value Quantity ^ Vale — 
TT Country — (Kilograams) (dollars) (kilograms) (dollars) (kilograms) (dollars) (kilograms) (dollars) 
A Е 72 $9,740 99,800 $130,000 2,420,000 $1,260,000 72.200 $114,000 
S Е Й E Й " Я - 450 21,100 
China | Ё = - 3,570 2,400 - T 
т IO _ Е 7 Е x - 147,000 489,000 
Germany | 2: И р " И E 100 10,600 
India 10,000 13,200 54,200 138,000 о 0 = id 
Total BEES 10,000 ^ 13.200 — 540 | о 1450000 —— S — 
= .10,000 200 138,000 2,600,000 1,420,000 148,000 543,000 
"Рава are rounded to no more than three significant digits; may not add to totals shown. 
Source: U.S. Census Bureau. 
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ТАВГЕ 9 


U.S. IMPORTS FOR CONSUMPTION OF МЕСА POWDER AND WASTE, BY COUNTRY! 


—— ОЕ Waste 
Quantity Value Quantity Value 
Country (metric tons) (thousands) (metric tons) (thousands) 
2011 24,300 $15,100 785 — $554 
2012: 
Canada 12,100 6,430 11 8 
Сата o ooo 8,340 1,740 2 Е 
Finland 1,500 478 Е _ 
Germany 49 127 > Е 
India 84 362 1,030 788 
Japan 820 4,100 S =: 
Когеа 12 143 2s EM 
Malaysia 97 254 за = 
Norway 138 153 = га 
Switzerland 16 21 МЗ Е 
United Kingdom 328 443 _ Ра 
Other 19 66 E y 
Total 23,500 14,900 1,040 796 
-- Zero. aw ors 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
Source: U.S. Census Bureau. 
TABLE 10 
U.S. IMPORTS FOR CONSUMPTION OF WORKED MICA, BY COUNTRY’ 
Plates, sheets Other 
Quantity Value Quantity Value 
Country (metric tons) (thousands) (metric tons) (thousands) 
2011 1,570 $16,900 449 $2,800 
2012: 
Australia 15 334 (2) 10 
Austria PERO 148 3,700 8 263 
lgium 214 2,170 -- m 
€ i 288 1,730 320 552 
China 615 2,860 127 552 
Czech Republic 12 152 = — 
Етапсе 111 849 (2) 2 
Germany m 82 1,980 15 x 
ПЕТИ 34 464 21 | | 
Italy 0) 2 16 У 
Јарап 14 705 45 E 
United Kingdom 42 588 13 я 
Other 21 о bo 310 
Тога! 1,600 16,000 5 ее 
-- Zero. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


2] ess than % unit. 


Source: U.S. Census Bureau. 
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TABLE 11 
SUMMATION OF U.S. MICA TRADE DATA! 


Scrap and flake mica Sheet mica 
Powder Waste Unworked Worked 
Quantity Value Quantity Value Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 
Exports: 
2011 5,800 $8,700 68 $35 60 $275 978 $17,900 
_ 2012 5,820 7,980 74 47 322 678 1,340 21,000 
Imports for consumption: 
2011 24,300 15,100 3,200 1,810 172 254 2,020 19,700 
2012 23,500 14,900 3,640 2,210 212 693 2,170 19,100 


"Рага are rounded to no more than three significant digits. 


Source: U.S. Census Bureau. 
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TABLE 12 
MICA: WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons) 
Country? 2008 2009 2010 2011 2012" 
Argentina, all grades 8,790 8,668 9,638 ' 10,226 ' 10,000 
Brazil 4,000 * 4,379 ' 4,709 ' 6,193 ' 6,200 ? 
Canada 17,000 15,000 15,000 17,000 ' 16,000 
China 750,000 700,000 750,000 760,000 710,000 
Finland 
Concentrate 10,706 7,855 ' 13,809 " 12,896 ' 12,112 4 
Biotite 57,661 ' 53,860 ' 37,850 ' 31,504 ' 27,493 4 
Total 68,367 ' 61,715 ' 51,659 ' 44,400 ' 39,605 4 
France Н 20,000 20,000 20,000 20,000 20,000 
India: 
Crude 2,241 ' 1,161 € 1,265 ' 1,689 ' 1,700 
Scrap and waste 5.140 ' 7,495 ' 7,508 ' 12,095 ' 12,000 
Total 7,381 ' 8,656 ' 8.773" — 13,784 ' 13,700 
ian 1,510 6,797 ' 2,860 ' 2,900 ' 1,500 
Korea, Republic of, all grades 49,474 27,078 36,486 ' 31,260 ' 32,000 
Madagascar, phlogopite у. 1,233 6 358 6 2,069 6 3,411 56 3,500 
Malaysia 5,593 4,323 4,515 4,245 ' 4,300 
Mexico, all grades 5,000 5,000 160 Lr _ 
Noray а лоо! " e " | 
Peru 91 84 85 < 90 90 
"c REN 100,000 100,000 100,000 100,000 100,000 
South Africa, ground and scrap 426 572 904 633 " 600 
Span 4,254 4,000 * 4,034 ' 3,775 ' 3,300 
НИ 2,364 2,347 2,095 2,927" 300 
a ЕЕС 66 100 10 378 324 | 
Lc 61,577 36,509 35,622 30,000 * 30,000 
eee tae іп 8,392 4,172 387 277 30 — 
о _______-- | ——-—X ш 
тош 69,969 40,681 36,009 30,277 | je 
e uses scrip end fakes 85,200 51,100 56,100 ' 52,000 | | aa 
a ccc нЕ 1,200,000 ' 1,060,000 ' 1,110,000 ' 1,100,000" — 110009 _ 


*Estimated. "Preliminary. ‘Revised. -- Zero. 
World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
2 А ilable through August 8, 2013. 
Table includes data aval р : ; оп is inad te to make 
. > 5 | | formation is 1падедуџа 
Зу addition to the countries listed, Egypt, Pakistan, Romania, and Sweden are known to produce mica, but available in 


reliable estimates of output levels. 


^Reported figure. 

5 Year beginning March 21 of that stated. 
Reported exports. 

"Reported shipping from stockpile. 


SExcludes, if any, U.S. production of low-quality sercite and sheet mica. 


Data rounded to two significant digits. 
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MOLYBDENUM 


By Désirée E. Polyak 


Domestic survey data and tables were prepared by Raymond I. Eldridge III, statistical assistant, and the world production 
table was prepared by Glenn J. Wallace, international data coordinator. 


In the United States, mine production of molybdenum 
concentrate in 2012 decreased by 5% to 60,400 metric tons (t) 
from 63,700 t in 2011. Estimated world mine production of 
molybdenum in 2012 was about 259,000 t, a 296 decrease from 
264,000 t in 2011 (table 1). The U.S. share of world production 
was 23% in 2012. Reported U.S. consumption of molybdenum 
materials, not including molybdenum concentrates, decreased 
by 4% in 2012 compared with that of 2011 (table 3). 

Molybdenum is a refractory metallic element used principally 
as an alloying agent in cast iron, steel, and superalloys to 
enhance hardenability, strength, toughness, and wear- and 
corrosion-resistance. To achieve desired metallurgical properties, 
molybdenum, primarily in the form of molybdic oxide (MoO,, 
called MoX) or ferromolybdenum (ЕеМо), is frequently used 
in combination with or added to chromium, manganese, nickel, 
niobium (columbium), tungsten, or other alloy metals. The 
versatility of molybdenum in enhancing a variety of alloy 
properties has ensured it a significant role in contemporary 
industrial technology, which increasingly requires materials that 
can sustain high stress, expanded temperature ranges, and highly 
corrosive environments. There is significant use of molybdenum 
as a refractory metal and in numerous chemical applications, 
including catalysts, lubricants, and pigments. 

U.S. molybdenum reserves were estimated to be about 
2.7 million metric tons (Mt), about 3196 of the world 
molybdenum reserves. About 90% of U.S. reserves occur in 
large low-grade porphyry molybdenum deposits mined or 
anticipated to be mined primarily for molybdenum and as an 
associated metal sulfide in low-grade porphyry copper deposits. 
These deposits are in Arizona, Colorado, Idaho, Montana, 
Nevada, New Mexico, and Utah. Other molybdenum sources do 
not contribute significantly to U.S. reserves. 


Production 


Domestic molybdenum mine production data were derived 
from three separate voluntary surveys by the U.S. Geological 
Survey. These surveys are *Molybdenum Ore and Concentrate" 
(annual), “Molybdenum Concentrate” (monthly), and 
“Molybdenum Products and Molybdenum Concentrates” 
(monthly). Surveys were sent to all 13 U.S. operations that 
currently produce molybdenum concentrates and products 
from ore, and all responded, representing 100% of the U.S. 
production listed in table 1. 

As of December 31, 2012, U.S. rated capacity for mines 
and mills was estimated to be about 99,500 metric tons per 
year (t/yr) of contained metal. Rated capacity was defined as 
the maximum quantity of product that could be produced in a 
period of time at a normally sustainable long-term operating 
rate based on the physical equipment of the plant and given 
acceptable routine operating procedures involving energy, labor, 
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maintenance, and materials. Capacity included operating plants 
temporarily closed, which could be brought into production 
within a short period of time with minimal capital expenditure. 

Primary molybdenum production continued at the Ashdown 
Mine in Nevada, the Henderson Mine in Colorado, the Questa 
Mine in New Mexico, and the Thompson Creek Mine in Idaho. 
In May, the Climax Mine in Colorado began commercial 
molybdenum production. Freeport-McMoRan Copper & 

Gold Inc. (FCX) announced that its Henderson Mine produced 
15,400 t of molybdenum in 2012, a 10% decrease compared 
with 17,200 t produced in 2011 (Freeport-McMoRan Copper 

& Gold Inc., 2013a, p. 26). The Henderson underground 

mine produces high-purity, chemical-grade molybdenum 
concentrates, which typically are further processed into 
value-added molybdenum chemical products. The Henderson 
operation consists of a large underground mining complex that 
feeds a 32,000-metric-ton-per-day (t/d) concentrator. Henderson 
has the capacity to produce 18,140 t/yr of molybdenum 
(Freeport-McMoRan Copper & Gold Inc., 2012, p. 14). The 
majority of the molybdenum concentrate produced at Henderson 
is shipped to FCX’s Fort Madison, IA, processing facility. 

FCX announced that Climax produced 3,175 t of molybdenum 
in 2012 and was targeted to produce 13,600 t of molybdenum 
in 2013. The company announced that it intended to operate 
its Climax and Henderson Mines in a flexible manner to meet 
market requirements (Freeport-McMoRan Copper & Gold Inc., 
2013a, p. 17). 

In early 2012, Win-Eldrich Mines Ltd. decided to phase out 
the molybdenum mining operations at it Ashdown Mine in 
northern Nevada, and return to mining only gold. 

Thompson Creek Metals Co. Inc. (TCMC) owns the Thompson 
Creek open pit molybdenum mine and mill near Challis, ID, a 
metallurgical roasting facility in Langeloth, PA, and a 75% joint- 
venture interest in the Endako open pit mine, mill, and roasting 
facility in northern British Columbia, Canada. The molybdenum 
concentrate produced at the Thompson Creek Mine is transported 
to the Langeloth facility, which produces ferromolybdenum 
products, molybdenum trioxide, and other specialty products. 
The Langeloth facility also processes nonmolybdenum catalysts 
for various customers, primarily in the food industry. TCMC has 
two high-grade underground molybdenum deposits, the Davidson 
deposit near Smithers, British Columbia, Canada, and the Mount 
Emmons deposit near Crested Butte, CO (Thompson Creek 
Metals Co. Inc., 2012, p. 25). 

TCMC announced that its Thompson Creek Mine produced 
7,370 t of molybdenum in 2012, a 24% decrease from the 
9,690 t of molybdenum produced in 2011. During the first 
half of 2011, because of the planned mine pit sequencing, the 
Thompson Creek Mine was mining high-grade ore primarily in 
the bottom of the pit. Beginning in the third quarter of 2011, the 
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Thompson Creek Mine transitioned from the bottom to the top 
of the pit. As a result, production was primarily lower, owing to 
the significantly lower ore grade. Additionally, production in the 
second and third quarter of 2012 was negatively affected by a 
pit wall slough in May 2012 (Thompson Creek Metals Co. Inc., 
2013, p. 54). 

Molybdenum was produced as a byproduct of copper 
production at the Bagdad, Mineral Park, Morenci, and Sierrita 
Mines in Arizona; the Continental Pit Mine in Montana; the 
Robinson Mine in Nevada; the Chino Mine in New Mexico; and 
the Bingham Canyon Mine in Utah (table 2). The Mission and 
Pinto Valley Mines in Arizona did not produce molybdenum 
in 2012. In the case of byproduct molybdenum recovery at 
a copper mine, all mining costs associated with producing 
molybdenum concentrate are allocated to the primary metal 
(copper). In 2012, byproduct molybdenite recovery accounted 
for approximately 5396 of the U.S. molybdenum supply. 

The Bagdad operation of FCX includes а 75,000-t/d 
concentrator that produces copper and molybdenum 
concentrates, as well as a pressure-leach plant that processes 
molybdenum concentrate (Freeport-McMoRan Copper & Gold 
Inc., 2012, p. 9). 

The Sierrita operation of FCX includes a 102,000-t/d 
concentrator that produces copper and molybdenum 
concentrates. It also has molybdenum facilities consisting of 
a leaching circuit, two molybdenum roasters, and a packaging 
facility. The molybdenum facilities process concentrate from 
Sierrita, from other FCX mines, and from third-party sources. 
Molybdenum production at Sierrita in 2012 was 9,530 t, an 8% 
decrease compared with 10,400 t of molybdenum produced in 
2011 (Freeport-McMoRan Copper & Gold Inc., 2013b, p. 10). 

FCX’s Chino Mine is an open pit copper-mining complex 
located in southwestern New Mexico’s Grant County. The Chino 
operation consists of a 39,000-t/d concentrator that produces 
copper and molybdenum concentrates. During 201 A FCX | 
restarted mining and milling activities at the Chino Mine, which 
were suspended in late 2008. Chino produced approximately 
900 t of molybdenum in 2012 (Freeport-McMoRan Copper & 
Gold Inc., 2013b, p. 12). 

Rio Tinto plc (London, United Kingdom) reported that 
molybdenum concentrate production at its Bingham Canyon 
Mine (operated by Kennecott Utah Copper Corp.) was | 
9,400 t in 2012, compared with 13,600 t in 201 | (Rio Tinto 
plc, 2013, p. 49). In June, Rio Tinto announced it would invest 
$660 million during the next 7 years to extend the life of the 
Bingham Canyon Mine from 2018 to 2029. The investment 
would enable production of approximately 13,800 t/yr of 
molybdenum (Rio Tinto ple, 2013, p. 24). 

Rio Tinto announced that its Molybdenum Autoclave Process 
(MAP) plant at Bingham Canyon was expected to come 
onstream by the middle of 2014. MAP would allow lower-grade 
molybdenum concentrate to be processed more efficiently than 
through conventional roasters, allow improved molybdenum 
recovery and operating flexibility, and enable production a 
metallurgical and higher chemical grade molybdenum products. 
MAP would produce chemical grade MoX, ammonium UT 
dimolybdate, autoclaved molybdenum concentrate, and catalys 


grade ammonium perrhenate (Kennecott Utah Copper Corp.. 
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2010). Chemical grade molybdenum is primarily used in 
catalysts for oil refineries to remove sulfur from oil. The capital 
cost for the MAP plant was estimated to be $600 million. As 
of January 1, 2013, Rio Tinto announced that $200 million | 
remained to be spent on the plant (Ryan’s Notes, 2013). 

General Moly Inc. (Lakewood, CO) began preliminary 
construction activities at the Mt. Hope molybdenum project in | 
Eureka County, NV. Ames Construction Inc. cleared areas for | 
the administrative office, mill site, and water pipeline corridor 
in preparation for developing a well field and water distribution 
system to support heavy construction activities, scheduled to 
start in the spring of 2013. According to the company, Mt. Hope 
contains 590,000 t of molybdenum in proven and probable 
reserves and has an expected mine life of more than 40 years | 
(General Moly Inc., 2013). 

Mercator Minerals Ltd. announced that it expected to produce | 
between 5,000 and 5,400 t/yr of molybdenum in 2013 at its 
Mineral Park Mine, an increase from the 4,700 t of molybdenum | 
produced in 2012. The Mineral Park Mine is located in | 
northwestern Arizona, 120 kilometers (km) from Las Vegas, NV | 
(Mercator Minerals Ltd., 2013). | 

Grupo Mexico S.A.B. де СМ. (GMexico) announced that 
refurbishment work was in progress for the reopening of the 
molybdenum plant at its Mission Mine. Once completed, it 
was expected to have a production capacity of 544 t/yr of 
molybdenum and to start operations in the second quarter of 
2013 (Grupo Mexico S.A.B. de C.V., 2013, p. 9). 


Consumption 


In 2012, U.S. reported consumption of molybdenum 
contained in concentrate for roasting decreased compared 
with that of 2011. Domestic mine production of molybdenum 
concentrate was roasted, exported for conversion, or purified to 
lubricant-grade molybdenum disulfide (Мо5,). Technical-grade 
MoX consumption, not including superalloy use, was slightly 
less in 2012 from that of 2011. MoX was the leading form of 
molybdenum used by industry, particularly in making rH 
steel. Superalloy industry consumption decreased by 19% m 
2012 from that of 2011. Overall, total molybdenum use in steel 
in 2012 decreased from that of 2011 (table 3). 

Metallurgical applications dominated molybdenum use 
in 2012, accounting for about 88% of 2012 grand total - 
reported consumption. In 2012, FeMo accounted for АЯ 
the molybdenum-bearing materials used to make steel н R 
including tool steel) (table 3). Nonmetallurgical applica TÉ 
included catalysts, chemicals, lubricants, and pigments. | 
dominant nonmetallurgical use was in catalysts, principally 
catalvsts related to petroleum refining. | 

ава was playing a more important ker М м 
technology than ever before, with use focused on 01 , 
catalysts, ethanol, solar panels, and wind power. 


Stocks 


ocks 
At yearend 2012, producer plus consumer WE OE 
decreased compared with yearend 20 п SE ens decreased 
of molybdenum in concentrate at mines and D d sies Md 
(table 1). Stocks of molybdenum ın асац 
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metal powders, and other products decreased compared with 
stocks of 2011 (table 3). 


Prices 


In 2012, the annual average price for domestic FeMo, as 
published in Ryan's Notes, ranged from $14.582 to $14.851 
per pound of molybdenum content, compared with $17.489 
to $17.828 per pound reported in 2011. The Ryan's Notes 
published annual average price for domestic MoX ranged from 
$12.630 to $12.854 per pound in 2012, compared with $15.367 
to $15.598 per pound in 2011. 


Foreign Trade 


In 2012, molybdenum-containing material exports (excluding 
molybdenum ore and concentrates) collectively were about 
6,400 t (gross weight) valued at $202 million (table 6). Imports 
for consumption of all molybdenum-containing products 
collectively were about 32,900 t (gross weight) valued at 
$570 million (table 9). 


World Review 


World molybdenum reserves and production capacity were 
concentrated in a few countries. In 2012, world mine output 
was estimated to have been 259,000 t (molybdenum contained 
in concentrate), of which, in descending order of production, 
China, the United States, Chile, Peru, Mexico, and Canada 
provided about 9194 (table 10). 

In North America, most Canadian reserves of molybdenum 
were contained in porphyry molybdenum and porphyry 
copper-molybdenum deposits in British Columbia. Other 
Canadian reserves were associated with minor porphyry copper- 
molybdenum deposits in New Brunswick and Quebec. The 
La Caridad porphyry copper-molybdenum deposit in Mexico 
was a leading producer. Molybdenum reserves in Central 
America and South America were associated mainly with large 
porphyry copper deposits. Of several such deposits in Chile, 
the Chuquicamata and El Teniente deposits were among the 
largest in the world and accounted for 85% of molybdenum 
reserves in Chile. Peru also had substantial reserves. Reserves of 
molybdenum in China and the Commonwealth of Independent 
States (CIS) were thought to be substantial, but definitive 
information about the current sources of supply or prospects for 
future development in these two areas was lacking. 

According to the International Molybdenum Association 
(IMOA), global molybdenum consumption was 236,300 t in 
2012, compared with a record high of 236,800 t in 2011. The 
leading consumer of molybdenum in 2012 was China, where 
consumption increased from 80,600 t in 2011 to 83,100 t in 
2012. Europe had the second largest share with 63,400 t in 
2012, a decrease compared with 67,500 t in 2011 (International 
Molybdenum Association, 201 3). 

In 2011, IMOA, assisted by the Steel & Metals Market 
Research Co. (Austria), completed a detailed analysis of 
molybdenum end uses. According to the study, in 2009, global 
molybdenum consumption in all applications was 212,000 t, 
which included new and recycled molybdenum. Most recycled 
molybdenum is introduced via scrap in steelmaking. The 
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study’s analysis was based on more than 250 interviews 

with key molybdenum end users. For all applications, 
approximately 15% of molybdenum input material originated 
from scrap. Molybdenum was consumed in the following 

end uses—engineering steels (34%), stainless steels (26%), 
chemical products (13%), tool and high-speed steels (10%), 
cast iron (7%), superalloys (5%), and molybdenum metal (5%) 
(International Molybdenum Association, 2011, p. 2). 

Canada.—TCMC announced that its 75%-owned Endako 
Mine produced 2,810 t of molybdenum in 2012 compared 
with 3,160 t of molybdenum in 2011. The Endako operation 
is an open pit molybdenum mine, concentrator, and roaster 
190 km west of Prince George, British Columbia, with an 
estimated mine life of approximately 16 years. In March, the 
mill expansion project was completed. The project included 
construction of a new mill to replace the previous mill 
constructed in the 1960s. The new mill was designed to process 
55,000 t/d of ore compared with 31,000 t/d at the old mill. 

The old mill at the site was shut down and was in care-and- 
maintenance mode (Thompson Creek Metals Co. Inc., 2013, 
p. 15-16). 

Taseko Mines Ltd. produced 598 t of molybdenum in 2012, a 
slight increase from the 590 t of molybdenum produced in 2011 
at its Gibraltar Mine in south-central British Columbia. The new 
concentrator and molybdenum recovery facility underwent wet 
commissioning in December 2012. The facility was on schedule 
to reach startup production levels during the first quarter of 2013 
(Taseko Mines Ltd., 2013, p. 4—5). 

Chile.—Corporación Nacional del Cobre de Chile (Codelco), 
the state-controlled copper and molybdenum producer, 
planned to build a molybdenum processing plant in northern 
Chile. The company was expected to spend $400 million and 
begin construction in 2015 (Ryan's Notes, 2012b). Codelco 
produced approximately 20,000 t of molybdenum in 2012 
(Metal-Pages, 2013b). 

The Sierra Gorda project is a joint venture betveen KGHM 
International Ltd., Sumitomo Metal Mining Co., Ltd., and 
Sumitomo Corp. in the Antofagasta region in northern Chile. 
Preliminary construction and prestripping commenced at 
the project in preparation for production in 2014. Estimated 
production from current reserves was approximately 11,300 t/yr 
of molybdenum (KGHM International Ltd., undated). 

Amerigo Resources Ltd. produced a record 479 t of 
molybdenum in 2012, compared with 314 t in 2011, at its 
Minera Valle Central plant. The company expected to produce 
approximately 450 t of molybdenum in 2013 (Amerigo Resources 
Ltd., 2013). The plant extracts copper from tailings discharged 
from CODELCO’s El Teniente concentrators. The tailings are 
then returned to Е] Teniente's tailings disposal system, 

Antofagasta plc announced that 2012 molybdenum production 
at its Los Pelambres Mine was 12,200 t, a 23% increase 
compared with 9,900 t of molybdenum produced in 2011. The 
Increase was mainly owing to better ore grades. Los Pelambres 
is in Chile’s Coquimbo Region, 240 km northeast of 
(Metal-Pages, 201 3a). 

China.—In line with the 12th Five-Year Plan, t 
of Land and Resources reclassified molybdenum as a national 
resource in March 2012 (Roskill Information Services Ltd., 


Santiago 


he Ministry 
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2012, p. 93). In July, the Chinese Government announced its 
final version of “industry access rules" for all molybdenum 
projects in its plan to facilitate the restructuring of the industry, 
to protect the environment, and to provide standardized rules 
for investing in any molybdenum project. The rules specified 
that any open pit mine processing less than 25,000 t/d of 

ore would not be approved, and that existing mines with a 
production capacity of less than 15,000 t/d would gradually be 
shut down. Any new molybdenum oxide plants and expansions 
with a capacity less than 20,000 t/d would not be permitted. 
The Government also stated that it would not approve any new 
projects that involved only FeMo production. Any new project 
or expansions for ammonium molybdate capacity less than 
5.000 t/yr also would not be permitted, and existing producers 
with capacity under 3,000 t/yr would be closed (Ryan's Notes, 
20122). 

Zhongxi Mining Co. Ltd. started up a molybdenum plant in 
Inner Mongolia in September. The plant has the capacity to 
produce 12,000 t/yr of molybdenum concentrate and 6,000 t/yr 
of molybdenum metal (Ryan's Notes, 2012c). 

Kazakhstan.—K azakhmys plc announced that main 
construction had commenced at its Bozshakol project in 
northern Kazakhstan. Bozshakol was expected to have an 
average output of 75,000 t/yr of copper concentrate during a 
mine life of 40 years. Bozshakol has indicated and inferred 
resources of 57,000 t of contained molybdenum at 0.004% Mo. 
The capital cost for the project was approximately $1.9 billion, 
funded from a $2.7 billion financing facility provided by the 
China Development Bank and Samruk-Kazyna, the National 
Welfare Fund in Kazakhstan. Production was expected to begin 
in 2015 (Kazakhmys plc, 2012). 

Mexico.—GMexico reported that its Caridad Mine produced a 
record 10,968 t of molybdenum in 2012 (Grupo Mexico S.A.B. 
de C.V., 2013, p. 2). Construction continued on the molybdenum 
processing plant at GMexico’s Buenavista del Cobre Mine 
in Cananea, Sonora. The plant was expected to produce v" 
2.000 t/yr of molybdenum and cost approximately $38 million 
(Grupo Mexico S.A.B. de C.V., 201 3, p. 8). | 

Peru.—The Cerro Verde Mine of FCX 1$ an open pit 
copper and molybdenum mining complex 16 km southwest of 
Arequipa. In 2012, the operation consisted of an open pit copper 
mine, a 120,000-t/d кш leaching ао 

neaged in a large-scale expansion project, whic 
ve decani Е concentrator facilities from 120,000 t/d of ore 
to 360,000 t/d of ore and would have the capacity to produce 
6,800 t/yr of molybdenum beginning in 2016. Construction 
was expected to commence in 2013. In 2012, molybdenum 

duction at Cerro Verde was approximately 3,630 t of 

ut bdenum compared with 4,540 t of molybdenum produced 
in 2011 (Freeport-McMoRan Copper & Gold Inc., 2013a, 


р. 37—38). 
Outlook 


The principal uses for molybdenum were expected to continue 
to be in chemicals and catalysts and as an additive in steel 
manufacturing most importantly alloy and stainless steel. 


Google 


Molybdenum plays a vital role in the energy industry, and it 
may become an increasingly essential factor in environmental 
protection technology, where it is used in high-strength steels 
for automobiles to reduce weight and improve fuel economy and 
safety. Molybdenum-based catalysts have a number of important 
applications in the petroleum and plastics industries. А major 
use is in the hydrodesulfurisation of petroleum, petrochemicals, 
and coal-derived liquids. Production of ultra-low-sulfur diesel 
fuels was expected to more than double the amount of 
molybdenum used in oil refineries. Molybdenum not only 
allows for economical fuel refining, it also contributes to a safer 
environment through lower sulfur emissions. With no practical 
alternatives to molybdenum in many of its catalytic applications, 
analysts expect global demand for catalysts to increase by more 
than 5% annually until 2016, resulting in a market for new 
molybdenum of approximately 20,000 t/yr (Roskill Information 
Services Ltd., 2012, p. 305). The need for companies to reduce 
carbon dioxide emissions from coal-fired power stations will 
require plants to run at higher temperatures, resulting in greater 
demand for higher grade molybdenum-bearing steels. 

Primary molybdenum mines were the first to respond to the 
recovery in demand in 2010, but in 2011 and 2012, byproduct 
molybdenum mines outpaced production growth from primary 
mines. In 2013, mine capacity was expected to be sufficient to 
meet demand. Approximately 60 new projects and expansions 
could potentially produce molybdenum, yielding an additional 
240,000 t/yr of molybdenum (Roskill Information Services Ltd., 
2012, p. 321). In the past, insufficient roasting capacity has 
resulted in a bottleneck, but additional roasting capacity has } 
been installed and further expansions are under construction In 
Chile, China, and the United States. 

During the past decade, molybdenum consumption has 
shown a strong annual average growth rate, primarily fueled 
by rapid increases in China's industrial growth. Molybdenum 
consumption continues to be heavily dependent on the steel 
industry. As emerging economies, such as China and India, 
continue on the path to industrialization, they are expected | 
to need increasing amounts of molybdenum, and this trend Is 
expected to contribute to global demand growth in the coming 
years (Virga and Horn, 2009). Roskill Information Services 
Ltd. (2012, p. 300) reported that global consumption for ja 
molybdenum was expected to increase at an average of ~ A 
through 2016. The principal areas of molybdenum ud eh 
expected to continue to be in the use of stainless and > 6 а 
containing molybdenum in aero engine components, = ки 
and petrochemical processing plants, power and е am 
plants, motor vehicle components, nuclear power plan’, 
wind power generation components. 
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TABLE 1 
SALIENT MOLYBDENUM STATISTICS! 


(Metric tons of contained molybdenum) 


2010 2011 2012 
United States: 
Concentrate: 
Production 55,900 47,800 59,400 63,700 60,400 
Shipments 57,800 63,700 59,400 62,800 60,200 
Reported consumption? 44,500 W W W W 
Imports for consumption 10,200 7,520 12,900 14,600 12,000 
Stocks, December 31: 
Concentrate, mine and plant 1,690 2,550 2,200 3,520 ' W 
Product producers? 3,680 3,660 W W W 
Consumers 1,620 1,540 1,630 1,810 1,780 
Тога! 6,990 7,750 3,820 5.330 ' 1,780 
Primary products; 
Production 72,900 59,900 68,600 W W 
Shipments 51,300 43,300 51,100 W W 
Reported consumption 21,100 17,700 19,200 19,100 ' 19,700 
Imports for consumption 4,290 3,870 6,780 6,450 7,830 
World, mine production 221,000 * 223,000 " 247,000 " 264,000 " 259,000 * 


2008 


2009 


*Estimated. ‘Revised. W Withheld to avoid disclosing company proprietary data. 


Таја are rounded to no more than three significant digits; may not add to totals shown. 
>Molybdenum concentrates roasted to make molybdenum oxide. 


3includes ammonium, calcium, and sodium molybdate; briquets; ferromolybdenum; molybdenum hexacarbonyl; molybdenum metal; 
molybdenum pentachloride; molybdic acid; pellets; phosphomolybdic disulfide; and technical and purified molybdic oxide. 


TABLE 2 
MOLYBDENUM-PRODUCING MINES IN THE UNITED STATES IN 2012 


County Operator Source of molybdenum 


State and mine 


Arizona: 


Bagdad Yavapai Freeport-McMoRan Copper & Gold Inc. Copper-molybdenum ore, concentrated. 
МЕ бе: дана с iu. и, T == ee cS = = 
Mineral Park Mohave Mercator Minerals Ltd. Do 
Morenci Greenlee Freeport-McMoRan Copper & Gold Inc. Do. 
"Sieta Pima Do. » 
Sobna entrated 
“Climax ake do ME ore,concentrated. — — — 
Henderson Clear Creek do Do. 


Thompson Creek Metals Co. Inc. Do. 


Custer ВИО) _ —.. s e e 
Idaho, Thompson Creek Copper-molybdenum ore, concentrated. 


Montana, Continental Pit — SilverBow —— Montana Resouress ________--- 
vada: | 
eremum Humboldt Win-Eldrich Mines Ltd. Molybdenum ore, совсем. 
Robinson White Pine KGHM International Ltd. Copper-molybdenum ore, concentrated. _ 
obi | | 
w Mexico: 
2 NEN Grant Freeport-McMoRan Copper & Gold Inc. Do. M 
Chino Taos Chevron Mining Molybdenum ore, Е = 
a ntrated. 
a Canyon Salt Lake Kennecott Utah Copper Corp. Copper-molybdenum ore, conce 


ns ini i KGHM Polska Miedz S.A. on 
ithe Robinson Mine was formerly owned by Quadra FNX Mining Ltd., which was purchased by 


March 5, 2012, and renamed KGHM International Ltd. 
2 wholly owned subsidiary of Rio Tinto ріс, 
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TABLE 3 
1 
U.S. REPORTED CONSUMPTION, BY END USES, AND CONSUMER STOCKS OF MOLYBDENUM MATERIALS 


f 


(Kilograms of contained molybdenum) 


Molybdic Ammonium and Molybdenum 
End use oxides Ferromolybdenum^ ^ sodium molybdate scrap Other 
2011: 
Steel: 
= Caban  — 445,000 310,000 Е = W 
High-strength low-alloy 737,000 123,000 ' -- E = 


Stainless and heat-resisting 2,050,000 ' 714,000 ' -- (3) 131,000" — 2,890,000 ' 
Full alloy 3,580,000 3,760,000 ' Е -- W 7,340,000" 
Tool 607,000 W -- (3) -- 607,000 
Тога! 7,410,000 ' 4,910,000 * -- -- 131,000" 12,500,000 
Cast irons (gray, malleable, ductile iron) W 342,000 -- -- W 342,000 " 
Superalloys (4) (4) -- (4) 1,350,000 — 1,350,000 " 
Alloys (other than steels, cast irons, superalloys): 
Welding materials (structural and hard-facing) -- 41,500 -- -- W 41,500 
Other alloys 1,300 112,000 ' -- -- W 113,000 " 
Mill products made from metal powder W -- -- -- W W 
Cemented carbides and related products? - a s m 77 77 
Chemical and ceramic uses: 
Pigments W -- 10,600 -- -- 10,600 
Catalysts 941,000 -- (3) ES W 941,000 
pi c == = и И 2 w W 
Miscellaneous and unspecified uses: 
Lubricants -- -- Е -- 219,000 219,000 
Other 43,400 92,800 (3) ~- 3,520,000 © 3,660,000" 
Grand total 8,400,000 ' 5,500,000 * 10,600 -  $,220,000 " 19,100,000 ' 
Stocks, December 31 552,000 * 342,000 ' 3,500 (7) (7) 1,810,000 ' 
2012: 
Steel: 
Carbon 450,000 283,000 -- - W 732,000 
High-strength low-alloy 652,000 123,000 -- -- = 775,000 
Stainless and heat-resisting 1,970,000 684,000 -- (3) 131,000 2,780,000 
Full alloy 3,240,000 3,350,000 == ~ W 6,600,000 
Tool 607,000 W ее (3) 2 607,000 
Тога] 6,920,000 4,440,000 = -- 131,000 11,500,000 
Cast irons (gray, malleable, ductile iron) W 345,000 -- T W 345,000 
Superalloys (4) (4) -- (4) 1,610,000 1,610,000 
Alloys (other than steels, cast irons, superalloys): 
Welding materials (structural and hard-facing) -- 41,500 Bs Em у 41,500 
Other alloys 2,130 92,500 -- E W 94,600 
Mill products made from metal powder W ~- E E W у 
Cemented carbides and related products? -- ~- == 22 77 77 
_ Chemical and ceramic uses: 
Pigments W -- 4,890 ба Е 4.890 
Catalysts 941,000 = (3) РЕ ү 9 41.000 
Other = zi ~- = W | уу 
Miscellaneous and unspecified uses: 
Lubricants $ s - ~ 20%, 
С ONE o ru аа a 000 24.100 9) -- i 3 күн 
Grand total 7,910,000 5,000,000 4,890 - 5,480,000 | 8.400 005 
Stocks, December 31 540,000 331,000 4,200 (7) Иви 


Total 


755,000 
860,000 ' 


EE А па | (7) 1,780, 
'Revised. W Withheld to avoid disclosing company proprietary data; included in "Other" of the "Miscellaneous and unspecified uses" 20 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
2 b 
Includes calcium molybdate. 
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TABLE 3—Continued 


U.S. REPORTED CONSUMPTION, BY END USES, AND CONSUMER STOCKS OF MOLYBDENUM MATERIALS! 


аашаа ————=— 


3Withheld to avoid disclosing company proprietary data; included in "Miscellaneous and unspecified uses: Other" of the "Other" category. 


^Withheld to avoid disclosing company proprietary data. 

“Includes ingot, wire, rod, and sheet. 

Stacludes construction, mining, oil and gas, and metal working machinery. 
"withheld to avoid disclosing company proprietary data; included in "Total." 
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И 


ТАВГЕ 4 


U.S. EXPORTS OF MOLYBDENUM PRODUCTS, ВУ PRODUCT AND COUNTRY' 


canit aa St ——— а ee 


Product and country 
Oxides and hydroxides, gross weight: 


Austria 
Brazil 
Canada 
Japan 


Kuwait 


Mexico 
Netherlands 
Peru 
Russia 
Turkey 
Other (13 countries) 
Total 


PU TIS IU NNI UMS RW NM. amc S 
Molybdates, all, gross weight: 


Canada 
Japan 
Mexico 
Netherlands 
United Kingdom 
Other (31 countries) 
Total 


Se eng a ge ЕТЕ ENS R HE 
Ferromolybdenum, contained weight: " 


Argentina 
Canada 
Mexico 
Netherlands 
Saudi Arabia 
Other (5 countries) 
Total 


EG RC KEEPER та боа 
Molybdenum, other, gross weight: ' 


Austria 

Canada 

China 

Germany 

Israel 

Japan 

Korea, Republic of 

Mexico 

Taiwan 

United Kingdom 

Other (47 countries) 

Total 


HTS? code 
2825.70.0000 


284 1.70.0000 


7202.70.0000 


. 7 
Various 


2011 
Quantity Value 
(metric tons) (thousands) 
34 $1,420 
8 246 
2,330 29,800 
892 22,200 
12 84 
106 2,740 
1,140 28,500 
164 3,750 
80 2,040 
69 ' 1,700 ' 
4,840 92,400 
244 3,470 
236 5,390 
104 1,530 
1,090 19,000 
15 456 
314° 5,790 ' 
2,010 35,600 
871 30,200 
48 1,720 
293 10,500 
117 ' 4,670 ' 
1,330 
323 18,800 
69 3,660 
25 2,610 
215 16,300 
84 6,570 
206 12,400 
744 32,200 
87 6,080 
77 4,790 
887 21,800 
249 ' 18,700 " 
2,970 144,000 


"Revised. -- Zero. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 
?Harmonized Tariff Schedule (HTS) of the United States. 
Presentation of annual data is based on the quantities (gross weight) of the 10 leading countries in 2012. 


2012 


Quantity 
(metric tons) 


1,590 


341 
110 
200 
493 
162 
219 
1,530 


240 
1,850 


^Presentation of annual data is based on the quantities (gross weight) of the five leading countries in 2012. 


*Ferromolybdenum contains about 60% to 65% molybdenum. 


“Includes powder, unwrought, waste and scrap, wire, wrought, and other. 
"Includes HTS codes 8102.10.0000, 8102.94.0000, 8102.95.0000, 8102.96.0000, 8102.97.0000, and 8102.99.0000. 


Source: U.S. Census Bureau. 
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Value 
(thousands) 


$1,420 
533 
2,270 
16,900 
383 
2,010 
3,110 
374 
4,220 

. 2,320 
1,320 
34,900 


4,930 
2,000 
2,420 
7,220 
1,830 
3,940 


22,300 


795 
23,200 
5,620 
2,580 
814 

76 


—— — 330 — 47100 9% 233100 


33,100 


8,160 
3,880 
2,750 
4,070 
5,370 
11,300 
34,900 
6,250 
8,010 
10,600 
16,200 
112,000 
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ТАВГЕ 5 
U.S. EXPORTS OF MOLYBDENUM ORE AND CONCENTRATES 
(INCLUDING ROASTED AND OTHER СОМСЕМТКАТЕ5), ВУ COUNTRY"? 


E RE 


" nn  ——— 
—— 


2011 2012 
Quantity Quantity 
(metric tons of Value (metric tons of Value 

Country contained Mo) (thousands) contained Mo) (thousands) 
Belgium 6,620 $220,000 6,190 $169,000 
Canada 1,400 52,000 2,220 54,900 
China 2,580 90,000 2,130 62,300 
India 901 30,800 660 18,200 
Japan 4,150 135,000 3,780 104,000 
Korea, Republic of 1,460 48,200 420 12,300 
Mexico 7,270 108,000 7,590 136,000 
Netherlands 11,500 375,000 13,000 353,000 
South Africa -- -- 382 6,670 
United Kingdom 6,210 216,000 6,450 184,000 
Other (23 countries) 4,990 ' 171,000 ' 695 19,100 
Total 47,100 1,450,000 43,500 1,120,000 


"Revised. -- Zero. 


раќа are rounded to no more than three significant digits; may not add to totals 
shown. 


? Presentation of annual data is based on the quantities (gross weight) of the 10 
leading countries in 2012. 


Source: U.S. Census Bureau. 


TABLE 6 
U.S. EXPORTS OF MOLYBDENUM PRODUCTS! 


POS = r 


2011 | 2012 
Gross weight Contained Mo Value Gross weight Contained Mo _ Value 

Item HTS’ code (metric tons) (metric tons) ^ (thousands) (metric tons) (metric tons) (thousands) 

Molybdenum ore and concentrates, roasted_ 2613.10.0000 NA 21,300 $725,000 NA 21,000 $580,000 

Molybdenum ore and concentrates, other 2613.90.0000 NA 25,800 721,000 NA 22,500 539,000 
Molybdenum chemicals: 

Oxides and hydroxides 2825.70.0000 4,840 NA 92,400 1,590 NA 34,900 

Molybdates, all 2841.70.0000 2,010 NA 35,600 1,530 NA 22,300 

Ferromolybdenum |... 7202.70.0000 1,950 1,330 47,100 1,440 996 33,100 

Molybdenum powders 8102.10.0000 625 NA 28,000 533 NA 22,100 

Molybdenum unwrought, bars and rods  8102.94.0000 667 NA 24,100 291 МА 10,100 

Molybdenum waste and scrap — 8102.97.0000 810 NA 15,700 223 NA 4,150 

Molybdenum wire 8102.96.0000 130 NA 11,500 120 NA 10,200 

Molybdenum, other Various 733 NA 64,700 680 NA 64,400 

Total XX XX _ 1,760,000 ХХ xx 1320000 


NA Not available. XX Not applicable. "T mem TR Lapi Кыз 
!Data are rounded to no more than three significant digits; may not add to totals shown. 

?Harmonized Tariff Schedule (HTS) of the United States. 

3imcludes HTS codes 8102.95.0000 and 8102.99.0000. 


Source: U.S. Census Bureau. 
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TABLE 7 


U.S. IMPORTS OF MOLYBDENUM PRODUCTS, BY PRODUCT AND COUNTRY’ 


Product and country 


Oxides and hydroxides, gross weight: 


Chile 

China 

Germany 

Japan 

Mexico | 
Other (2 countries) 

Total 

Molybdates, all, contained weight: 


Belgium 
Chile 
China 
India 
Japan 
Other (4 countries) 
Total 
Molybdenum orange, gross weight: 


Canada 
China 
Colombia 
_ Germany 
Mexico 
Other (4 countries) 
Total 
Ferromolybdenum, contained weight*? — 


Canada 

Chile 

Japan 

Korea, Republic of 
. United Kingdom 
Other (7 countries) 


Total 
—————————— 
Other, gross weight: 


Austria 

Canada 

Chile 

China 

Germany 

Hong Kong 
_ Japan 

Mexico 
. Thailand - 
.. United Kingdom 
Other (22 countries) 

Total _ 


2011 


Quantity 


HTS? code (metric tons) 


2825.70.0000 


Various? 


3206.20.0020 


7202.70.0000 
227 
2,600 


88 ' 
3,210 
Various" 


2,520 


2012 

Value Quantity Value 
(thousands) (metric tons) (thousands) 
$3,800 303 $6,080 
15 178 3,570 
-- 20 322 
-- 12 253 
-- 18 345 
8" 1 12 
3,820 532 10,600 
173 8 467 
15,800 282 9,260 
4,560 184 5,770 
14 1 77 
854 2 66 
1,120" (4) 17 
22,500 477 15,700 
2,230 225 2,180 
27 4 28 
386 108 618 
29 18 83 
112 -- -- 
11 -- -- 
2,790 355 2,910 
9,580 387 13,000 
97,200 3,680 117,000 
792 16 1,140 
-- 55 1,850 
8,140 145 3,600 
3,310 " 36 1,240 
119,000 4,320 138,000 
27,700 297 16,900 
12,600 622 17,600 
-- 20 351 
64,500 1,340 53,000 
9,330 150 8,060 
1,670 40 1,540 
1,680 40 1,590 
73 45 129 
388 40 794 
2,200 21 924 
8,140 " 37 3,340 
128,000 2,050 104,000 


"Revised. -- Zero. = 


!Data are rounded to no more than three significant digits; may not add to totals shown. 
?Harmonized Tariff Schedule of the United States. 
3Presentation of annual data based on the quantities (gross weight) of the five leading countries 1n 2012. 


“Less than % unit. 


‘Includes HTS codes 2841.70.1000 and 2841.70.5000. 
°Ferromolybdenum contains about 60% to 65% molybdenum. 
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50.11 


50.12 


Source: U.S. Census Bureau. 


ROASTED AND OTHER CONCENTRATES), BY COUNTRY! 


Country 
Argentina 
Canada 
Chile 
China 
Kazakhstan 
Mexico 
Peru 
South Africa 
Sweden 


United Kingdom 


Total 
-- Zero. 


TABLE 7—Continued 
U.S. IMPORTS OF MOLYBDENUM PRODUCTS, BY PRODUCT AND COUNTRY! 


TABLE 8 
U.S. IMPORTS OF MOLYBDENUM ORE AND CONCENTRATES (INCLUDING 


2011 


Quantity 
(metric tons of 
contained Mo) 

99 
1,420 
3,840 

117 
5,290 
3,880 


14,700 


2012 
Quantity 

Value (metric tons of 
(thousands) contained Mo) 
$3,090 -~ 
47,000 2,600 
133,000 3,000 
-- (2) 
4,170 ~- 
74,300 4,440 
198,000 1,950 
-- 5 
~- (2) 
a (2) 
460,000 12,000 


"Presentation of annual data based on the quantities (gross weight) of the 10 leading countries in 2012. 
"Includes HTS codes 8102.10.0000, 8102.94.0000, 8102.95.3000, 8102.95.6000, 8102.96.0000, 8102.97.0000, and 8102.99.0000. 


Value 


(thousands) 


$71,000 
85,200 
6 
48,600 
94,000 
112 

8 

3 


299,000 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


Less than 4 unit. 


Source: U.S. Census Bureau. 
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TABLE 9 


U.S. IMPORTS FOR CONSUMPTION OF MOLYBDENUM PRODUCTS! 


a 


Item 

Molybdenum ore and concentrates, roasted 
Molybdenum ore and concentrates, other 
Molybdenum chemicals: 

Oxides and hydroxides 
Molybdates, all 

Molybdenum orange 
Ferromolybdenum 
Molybdenum powders 
Molybdenum unwrought, bars and rods 
Molybdenum waste and scrap 
Molybdenum wire 
Molybdenum, other 

Total 
МА Not available. XX Not applicable. — 


HTS code 


2613.10.0000 
2613.90.0000 


2825.70.0000 
Various! 

3206.20.0020 
7202.70.0000 
8102.10.0000 
8102.94.0000 
8102.97.0000 
8102.96.0000 
Various* 


2011 

Gross weight Contained Mo Value 
(metric tons) (metric tons) (thousands) 
11,700 7,080 $136,000 
18,700 7,570 323,000 
146 NA 3,820 
1,000 588 22,500 
328 NA 2,790 
4,810 3,210 119,000 
281 264 13,600 
566 545 20,800 
748 700 27,400 
21 NA 3,230 
903 МА 63,200 
39,200 XX 736,000 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 
?Harmonized Tariff Schedule (HTS) of the United States. 

*Includes HTS codes 2841.70.1000 and 2841.70.5000. 

“Includes HTS codes 8102.95.3000, 8102.95.6000, and 8102.99.0000. 


Source: U.S. Census Bureau. 


TABLE 10 


Gross weight 


(metric tons) 
10,100 
11,900 


532 
854 
355 
6,450 
408 
744 
971 
20 
507 
32,900 


MOLYBDENUM: WORLD MINE PRODUCTION, BY COUNTRY? 


(Metric tons of contained molybdenum) 


Ум—— —— 


Country 2008 2009 
Armenia 4,472 4,365 
Canada u 8,602 8,721 ' 
Chile 33,687 34,925 
China _ 81,000 93,500 
Iran* 6,597 г,4 4,447 г,4 
Kyrgyzstan m NA' NA' 
Mexico i 7811 ' 10,166 ' 
Mongolia 1,780 " 2,140 * 
Peru Е 16,721 12,297 
Russia* 3,600 3,300 
Turkey 25 LS 
United States 55,900 47,800 
Uzbekistan? i 500 500 ' 
Total |. 221,000" 223,000 ' 


"Estimated. Preliminary. "Revised. NA Not available. -- Zero. 


2010 
4,335 
8,648 ' 
37,186 
96,600 
7,000 * 
NA' 
10,849 
2,198 
16,963 
3,800 
39,400 
500 " 
247,000 " 


2011 
4,817 ' 
8,326 ' 

40,889 

103,000 ' 

7,000 ' 

NA‘ 

10,787 ' 

1,960 ' 
19,141 
3,900 


f 


on 


63,700 
550 
264,000 ' 


] ; 
World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


"Table includes data available through January 13, 2014. 


3 oie А Я . ` 
In addition to the countries listed, the Republic of Korea and Romania are thought to produce molybdenum, but output is not 


reported quantitatively, and available general information is inadequate to make reliable estimates of output levels. 


*Reported figure. 
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2012 
Contained Mo Value 
(metric tons) (thousands) 
6,170 — $100,000 
5,810 199,000 
NA 10,600 
476 15,700 
NA 2,910 
4,320 138,000 
362 16,700 
726 21,800 
925 31,400 
NA 2,760 
NA 31,700 
XX 570,000 
2012* 
4,900 
9,005 Р'* 
35,090 * 
104,000 
6,300 
NA 
11,000 
1,903 “ 
16,790 ° 
3,900 
5,000 
60,400 * 
550 
259,000 
50.13 
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NICKEL 
By Peter H. Kuck 


Domestic survey data and tables were prepared jointly by Lisa D. Miller and Hoa P. Phamdang, statistical assistants. The 
world production tables were prepared by Glenn J. Wallace, international data coordinator. 


Global consumption of nickel continued to increase in 2012, 
despite the prolonged economic crisis that began in 2008 and 
ongoing concerns about the European debt crisis. This growth 
was driven by increased use of stainless steel and superalloys, 
especially in China (International Nickel Study Group, 2013, 
р. A-6). World production of stainless and heat-resisting steel 
reached a record high of 35.4 million metric tons (Mt) in 
2012, but the growth was uneven, with downturns occurring 
in the Americas and Eastern Europe (ERAMET Group, 2014, 
р. 20-28; International Stainless Steel Forum, 20142). World 
mine production of nickel reached an alltime high of 2.05 Mt 
of contained nickel in 2011, surpassing the previous high 
of 1.65 Mt in 2010 (table 1). World production in 2012 was 
slightly less than that of 2011. The London Metal Exchange 
Ltd. (LME) average monthly cash price for nickel metal peaked 
in February 2012 at $20,462 per metric ton but then began an 
extended decline as new mining projects were commissioned. 
The LME cash price ended the year at $17,404 per metric ton 
and averaged $17,533 per ton for 2012. Daily stocks of nickel 
metal continued to increase in LME-sanctioned warehouses 
throughout 2012. 

Austenitic (nickel-bearing) stainless steel has accounted for 
more than 60% of global primary nickel consumption since 
2009. China was the leading producer of austenitic stainless 
steel in 2012, accounting for about 49% of world output, as 
well as the leading consumer of primary nickel. In 2012, China 
produced more austenitic stainless steel than the United States, 
Japan, and all of the countries in the European Union (EU) 
combined. On a global basis, nonferrous alloys accounted 
for about 12% of primary nickel use; electroplating and other 
surface finishing, 1196; alloy steels other than stainless, 1096; 
and batteries, catalysts, and specialty chemicals, 7% (ERAMET 
Group, 2014, p. 16—23; Mistry, 2012, p. 7; Nickel Institute, 
2015, appendix 3). 

Reported nickel consumption (primary plus secondary) in 
the United States increased by 396 compared with that of 2011. 
U.S. apparent consumption of primary nickel was 126,000 
metric tons (t), or about 8% of world consumption, based on 
the 1.66 Mt reported by the International Nickel Study Group 
(INSG). Stainless steel composed only 4196 of U.S. primary 
consumption, a relatively low percentage compared with similar 
economically developed countries—a reflection of the large 
number of specialty metal industries and a readily available 
supply of stainless steel scrap (table 4). U.S. industry reported 
melting 89,900 t of nickel contained in scrap, an increase of 4% 
from 86,600 t in 2011 (table 3). 


Legislation and Government Programs 


Recovery Act Projects.—Since the passage of the American 
Recovery and Reinvestment Act (Public Law 111—5) in 2009, 
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the U.S. Department of Energy (DOE) has funded a variety 

of programs designed to encourage more rapid development 
of renewable energy sources. Some of these programs funded 
basic or applied research, while others supported large-scale 
development projects through loan guarantees. Several large- 
scale development projects, each costing more than $1 billion 
and funded by industry with partial Government support, were 
launched in 2011 and expanded in 2012 (U.S. Department of 
Energy, 2013). 

Many of the advanced projects involving power generation 
have the potential to increase demand for nickel metal and (or) 
nickel-bearing alloys. Nickel-base superalloys are commonly 
used to fabricate critical components of steam or gas turbines. 
Superalloy piping is used to bring hot, corrosive geothermal 
brines to the surface where the heat can be recovered using 
plate-type heat exchangers fabricated from austenitic stainless 
steel, Incoloy®, or titanium. Solar and geothermal plants together 
accounted for only 596 of U.S. renewable energy production in 
2012, compared with 5896 for conventional hydroelectric power 
stations and 30% for wind farms. Solar power, however, was 
expected to account for more than one-third of total new power 
generation projects scheduled for completion in 2014. Other 
DOE-supported projects had applications for both transportation 
and power generation. One example was the development 
of improved stationary and portable fuel cell power systems 
(U.S. Energy Information Administration, 2014a, p. IF 41—45, 
Appendix A, A1, A16, and A17; 2014b, p. 5). 

U.S. Coinage.—The U.S. Mint increased coin production in 
2012 for the third consecutive year to meet growing demand 
from a recovering economy. However, the Mint was still 
operating at a reduced level when compared with the period 
from 2000 through 2007. The nickel-bearing coinage minted 
in 2012 contained 1,876 t of nickel in the form of either 
cupronickel or manganese brass alloy. In 2012, the Mint 
produced a total of 1,024 million Jefferson nickels (25% nickel 
by weight) and 1,676 million Roosevelt dimes (8.3394 nickel), 
up from 990.2 million nickels and 1,502 million dimes in 2011 
(U.S. Mint, undated b). The Jefferson nickels contained a total 
of 1,280 t of nickel and the Roosevelt dimes contained 3 17 t. 

Minting of quarters increased by 4594. The U.S. Mint 
produced 568.0 million commemorative quarters in 2012, up 
from 391.2 million in 2011, but still far below production levels 
directly prior to the 2008—9 recession. The different designs 
on the reverse (tail side) of the quarters continued to promote 
the Nation's parks and historical sites. Five different designs 
were released in 2012. Each coin weighed 5.67 grams and 


contained 8.33% nickel, for a total of 268 t of nickel (U.S. Mint 
undated a, b). = | 


Production 


The United States had only one active nickel mine at 
yearend 2012—а greenfield operation under construction in 
Michigan. Several deposits, however, were in varying stages 
of development in Minnesota. Limited quantities of byproduct 
nickel were recovered at some copper and precious metal 
refineries. The refinery recovery data are included with the 
scrap statistics. 

No ferronickel was produced from ores in the United States in 
2012. Almost all U.S. ferronickel exports were either re-exports 
or material upgraded for special purposes. The steel industry 
accounted for more than 85% of ferronickel consumed in 2012, 
of which more than 9994 was used in stainless, heat-resisting, or 
specialty alloy steels. 

Michigan.—In September 2011, Kennecott Eagle Minerals 
Co. (a fully owned subsidiary of the Rio Tinto Group) 
began construction of a $469 million underground mine in 
Michigamme Township, near Big Bay on the Upper Peninsula. 
Most of the development work had been completed by the end 
of 2012. The Eagle Mine would be the first active nickel mine 
in the United States since the closure of the Nickel Mountain 
Mine northwest of Riddle, OR, in 1996. Redpath Mining USA 
was responsible for drilling and excavating 3.2 kilometers (km) 
(2 miles) of tunnels from a portal near Eagle Rock. The deepest 
part of the mine would be about 240 meters (m) (800 feet) 


below the surface. At yearend 2012, the Eagle Mine had 5.33 Mt 


of indicated and inferred resources grading 3.1% nickel, 2.5% 
copper, and 0.1% cobalt (Pepin, 2011, 2012; Kennecott Eagle 
Minerals Co., 2012; Rio Tinto Group, 2012, p. 41, 50, 55). 

Ore would be trucked from the mine to the renovated 
Humboldt mill near Champion, where a copper-nickel sulfide 
concentrate would be produced. The concentrate would then 
be railed to Ontario, Canada, for smelting. Renovation of the 
Humboldt mill was expected to cost about $100 million. At 
yearend 2012, Rio Tinto was considering selling both the Eagle 
Mine and the Humboldt mill to Lundin Mining Corp. (Toronto, 
Ontario, Canada). The transaction price was reportedly 
$315 million (Lundin Mining Corp., 2014, p. 12). Lundin Was 
planning to spend an additional $400 million to bring the Eagle 
Mine into production by late 2014. Production would be ramped 
up during the first quarter of 2015 and reach full capacity by 
mid-2015. The mine was expected to produce an average of 
17,300 metric tons per year (t/yr) of nickel and 13,200 t/yr of | 
copper in concentrates during the first 6 years of its life (Lundin 
Mining Corp., 2013; 2014, p. 51). и 

Minnesota.—PolyMet Mining Corp. (Vancouver, British 
Columbia, Canada) was waiting for approval from the State of 
Minnesota to begin mining the NorthMet deposit in St. Louis 
County near the town of Babbitt. The Minnesota Department 
of Natural Resources and the U.S. Army Corps of Engineers— 
the original lead agencies on the project—published a dratt | 
Environmental Impact Statement (EIS) for public comment in 
November 2009. The U.S. Forest Service agreed to participate 
in the EIS process in June 2010 and was joined by the U.S. 
Environmental Protection Agency in June 2011. At the 
beginning of 2013, a supplemental EIS was being drafted. 

By yearend 2012, PolyMet had spent more than $20 million 
on environmental review and permitting activities. Bateman 


51.2 


Engineering Pty Ltd. (Brisbane, Australia) was responsible 
for process design, detailed engineering, and cost estimates 
(PolyMet Mining Corp., 2014, р. 13—22). 

The NorthMet deposit, a copper, nickel, and platinum- 
group-element (PGE) deposit at the western end of the Duluth 
Complex, was estimated to have 249 Mt of proven and probable 
reserves averaging 0.28% copper and 0.082% nickel. The 
deposit is more than 4 km (2.5 miles) in length and extends 
to a depth of more than 790 m (2,600 feet) at some locations. 
Ore from the proposed open pit would be shipped to the 
reconditioned Erie mill near Hoyt Lakes, MN, for beneficiation. 
The concentrate would be processed at the Erie site in a new 
hydrometallurgical plant. The Erie complex was expected to 
process 32,000 tons per day of ore (Desautels and Zurowski, 
2012, p. 1-1 to 1—10). 

In October 2008, PolyMet formed a strategic alliance 
with Glencore AG, now a wholly owned subsidiary of 
GlencoreXstrata plc (Baar, Switzerland). The Swiss trading 
company has agreed to market all of PolyMet's concentrates, 
other intermediate products, and metals produced during 
the first 5 years of the Hoyt Lakes operation. Glencore had 
reportedly invested $118 million in the project by yearend 2012 
(GlencoreXstrata plc, 2013; Newby, 2012, p. 8-15; Newby and 
Knudson, 2014, p. 3, 5, 11-14; PolyMet Mining Corp., 2013, 
р. 17-29; 2014, p. 23-29, 34). 

Duluth Metals Ltd. (Toronto, Ontario, Canada), Teck 
American Inc. (Spokane, WA), and Twin Metals Minnesota LLC 
(St. Paul, MN, a joint venture of Antofagasta Plc and Duluth 
Metals) continued to actively evaluate disseminated sulfide 
deposits in the Duluth Complex, with a focus on the Mesaba- 
Birch Lake-Nokomis area (Minnesota Minerals Coordinating 
Committee, 2014). 

In December 2012, AMEC E&C Services Inc. delivered a | 
draft National Instrument (NI) 43-101 technical report to Twin 
Metals. The technical report confirmed earlier claims that the 
Duluth Complex hosts one of the world's largest undeveloped 
accumulations of copper-nickel sulfides and PGEs. Measured 
resources controlled by Twin Metals consist of 1.7 Mt of copper 
and 540,000 t of nickel, based on a copper cutoff grade of 0.3%. 
Indicated resources include an additional 5.0 Mt of copper 
and 1.6 Mt of nickel (Duluth Metals Ltd., 2012a, b, c; 2014, 

р. 15-20 and 24—35; Dundas and others, 2015, p. 5-9). 

Byproduct Smelter and Refinery Production.—\n 2012, н 
Stillwater Mining Co. (Billings, MT) shipped 508 t of nicke is 
crystalline sulfate, down from 573 t in 2011. Stillwater mine 
PGEs from the J-M Reef in Montana's Beartooth Ышш. 
Concentrates from the company's two mills (East Boulder an 
Nye) were trucked to the company's smelting aviary 
complex at Columbus, MT, where a PGE filter cake ее 
byproduct crystalline nickel sulfate containing праву d to the 
of cobalt were produced. Spent A em additions 
sulfide concentrates to sweeten the smelter feed. M e 
were primarily automotive exhaust, petroleum re а 201 3, 
chemical processing catalysts (Stillwater Mining C0., 

1-9. 14, 22-23, 39). 
x ae Production.—The international Мере 
Reclamation Co. Inc. (INMETCO) operate ted to processing 
secondary smelter in North America dedica 
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chromium- and nickel-containing waste and scrap. The 
smelter at Ellwood City, PA, produced an iron-base remelt 
alloy that typically averaged 13% chromium and 12% nickel. 
Stainless steel producers used the remelt alloy as a substitute 
for ferrochromium and ferronickel. ММЕТСО was capable 
of processing a variety of nickel-bearing wastes including flue 
dust, grindings, mill scale, and swarf generated during the 
manufacturing of stainless steel. The company also accepted 
filter cakes, spent solutions, and sludges from the plating 
industry. INMETCO was the only facility in North America 
thermally processing spent nickel-cadmium batteries. The 
facility also processed spent nickel-iron (Edison-type) batteries 
and nickel-metal hydride (NiMH) batteries. INMETCO was 

a wholly owned subsidiary of the Horsehead Holding Corp. 
(Pittsburgh, PA) (Horsehead Holding Corp., 2013, р. 1-4, 
12-14, 41-42). 

Gulf Chemical & Metallurgical Corp. (Freeport, TX) [owned 
by ERAMET Group (Paris, France)] was one of a limited 
number of companies worldwide that processed spent catalysts 
from petroleum refineries. The Freeport facility treated nickel- 
molybdenum and cobalt-molybdenum hydrotreating catalysts 
that had been “poisoned” by nickel and vanadium associated 
with polyaromatic rings in the oil. Gulf Chemical first roasted 
and leached the spent catalysts to recover the molybdenum and 
vanadium. The nickel-and-alumina residue was then converted 
to a crude, but marketable, nickel-cobalt-molybdenum alloy in 
а direct-current electric arc furnace (EAF). In April 2011, Gulf 
Chemical launched a $50 million program designed to improve 
the environmental performance of the Freeport plant, which had 
been in operation since 1973 (Gulf Chemical & Metallurgical 
Corp., 2011, 2013, 2014). 


Consumption 


Apparent primary nickel consumption in the United States 
was essentially unchanged in 2012 from 126,000 t in 2011. 
The estimated value of apparent primary nickel consumption 
was $2.2] billion, a decrease from $2.89 billion in 2011 owing 
largely to a 23% decrease in the LME cash price. Apparent 
primary consumption plus reported secondary consumption in 
2012 totaled 216,000 t, an increase of about 2,700 t from that in 
2011 (table 1). 

Stainless Steel and Low-Alloy Steels.—In 2012, stainless 
steel producers accounted for 4196 of reported primary nickel 
consumption in the United States (table 4) and more than 6094 
of primary consumption in the world. Alloy steels—other than 
stainless—accounted for an additional 396 of U.S. nickel use. 
Production of raw stainless steel and heat-resisting steel in 
the United States totaled 1.98 Mt in 2012, down by 5% from 
2.07 Mt in 2011. Nickel-bearing grades accounted for 1.43 Mt, 
or 72% of total stainless steel production (American Iron and 
Steel Institute, 201 За, p. 71—73; 2013b). North American 
Stainless, the Kentucky subsidiary of Acerinox, S.A., was the 
leading U.S. producer of flat-rolled stainless steel in 2012. 

In late 2012, ThyssenKrupp Stainless USA, LLC transferred 
ownership of its greenfield stainless steel meltshop at Calvert, 
AL, to Outokumpu USA LLC. The stainless steel meltshop at 
Calvert was designed to produce up to 1 million metric tons 
per year (Mt/yr) of stainless steel slabs but was still in the 
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late stages of commissioning at the beginning of 2013. The 
meltshop had a 160-t-capacity EAF, a 180-t-capacity argon 
oxygen decarburization converter, and a continuous caster. Of 
the $5.2 billion spent on the entire Calvert complex, $1.6 billion 
was invested in the stainless melting and rolling facilities. 

The facility was the only plant in the United States that was 
designed to make 72-inch-wide sheet and plate suitable for 
seamless large tanks and other containers for the transport and 
petrochemical industries (ThyssenKrupp Stainless USA, LLC, 
2010, 2011; ThyssenKrupp Steel USA, undated; Outokumpu 
Oyj, 2013, p. 1, 17). 

Superalloys and Related Nickel-Base Alloys.—Of the primary 
nickel consumed in the United States in 2012, approximately 
24% was used to make high-performance superalloys and 
related nickel-base alloys, primarily for the aerospace, electric 
power, and petrochemical industries. Sales of superalloys to 
manufacturers of jet aircraft engines and other sectors of the 
aerospace industry increased in 2012, as Airbus S.A.S. and the 
Boeing Co. ramped up production of legacy single-aisle aircraft, 
such as the 737 and A320. Shipments of U.S.-manufactured civil 
jet transport increased to 601 in 2012 from 477 in 2011. At the 
beginning of 2013, Boeing had an order backlog of 799 for its 
В-787 Dreamliner. The defense manufacturing sector continued 
to purchase significant quantities of superalloys as well. From 
2003 to 2008, U.S. aerospace industry sales for the combined 
military aircraft, missiles, and space subsectors steadily grew, 
increasing to $132 billion from $104 billion. However, sector 
sales leveled off in 2011 at $129 billion and declined to $127 
billion in 2012 as the U.S. Federal budget came under financial 
pressure (Boeing Co., The, 2013, p. 26; EADS N.V., 2013, p. iv; 
Aerospace Industries Association, 2013, р. 4—6, 10-14). 

Allegheny Technology Industries, Inc. (ATT) (Pittsburgh, 

PA) was constructing a hot-rolling and processing facility for 
advanced specialty metals at the company's existing flat-rolled 
operations in Brackenridge, PA. The new facility, budgeted 

at $1.16 billion, would produce high-quality hot-rolled coils 
from a variety of metals and alloys, including nickel-base 
alloys, titanium metal, titanium alloys, zirconium alloys, and 
select grades of specialty stainless steels. The new facility was 
designed to produce thinner and wider coils than was possible 
in the past. Formal commissioning was expected to take 

place in the first half of 2014 (Allegheny Technologies Inc., 
2013, p. 12, 17, 34). 

General Electric Aviation [an operating unit of General 
Electric Co. (GE)] and Rolls-Royce plc (London, United 
Kingdom) both have long-term sourcing agreements with ATI 
to ensure an adequate supply of the nickel-base ATI 718Plus® 
superalloy. The advanced superalloy was being manufactured 
into a variety of jet engine components. ATI also has begun 
producing Rene 65, a futuristic nickel-base superalloy designed 
for the aerospace market (Allegheny Technologies Inc., 

2013, p. 3-5, 11, #19). 

Nickel Use in Industrial Gas Turbines and Steam 
Turbines.—ATI 7 1 SPlus" and similar superalloys were expected 
to play an increasingly important role in the manufacturing of 
more efficient, advanced turbines of all types. Conventional 
nickel-bearing alloys are already being incorporated into 


а variety of other critical components at powerplants now 
under construction. 

Siemens Energy was manufacturing gas-turbine and steam- 
turbine generators at two plants in Charlotte, NC. At yearend 
2012, Siemens was evaluating at least four nickel-base 
superalloys with nominal nickel contents ranging from 59% to 
61% for single crystal use in jet engines and turbines. At least 
five other alloys containing between 49% and 69% nickel were 
being evaluated by industry for advanced ultrasupercritical 
turbines. Turbine inlets fabricated from these superalloys would 
receive steam at temperatures as high as 760 °C (1,400 °F). 
Alcoa Power and Propulsion (a business unit of Alcoa Inc.) and 
Certified Alloy Products Inc. (a Long Beach, CA, subsidiary of 
Doncasters Group Ltd.) were also producing high-performance 
superalloys for aerospace and industrial gas turbines (Moverare 
and others, 2011, р. G2-2; Schwant and others, 2013). 

Nickel-Based Batteries and Hybrid Electric Vehicles. U.S. 
demand for nickel in rechargeable batteries continued to 
increase. In 2012, many of the hybrid electric vehicles on U.S. 
highways still used NiMH batteries despite recent advances in 
lithium battery technology. Ford Motor Co., Honda Motor Co., 
Ltd., and Toyota Motor Corp. have all relied on NiMH batteries 
because of their proven durability, stability, and safety. The 
rechargeable battery market remained highly competitive and a 
variety of lithium-ion and lithium-iron-phosphate batteries were 
making inroads against the standard NIMH design (Vandeputte, 
2012, p. 10-16). 

In 2011, GE began manufacturing the Durathon™ family 
of batteries—sodium-metal-halide batteries that contain 
nickel chloride as a key cell constituent. The advanced 
battery, originally designed for data centers and backup 
power, reportedly could store three times more energy than 
an equivalent conventional lead-acid battery. The Durathon™ 
battery is one-half the size of an equivalent lead-acid battery, 
requires almost zero maintenance, and has a life expectancy of 
about 20 years. The battery is nontoxic, fully recyclable, and 
capable of operating at temperatures ranging from -20 °C to 
60 °C. GE planned to spend $70 million to double production 
capacity at its renovated plant in Schenectady, NY (General 
Electric Co., 2012, 2013). 


Stocks 


Stocks of nickel metal in LME warehouses began to slowly 
build up in early 2012 after temporarily bottoming out at 
86,676 t in October 2011. By January 31 , LME stocks had 
risen to 95,598 t. This level was quite high compared with | 
inventories held from 2000 through 2007— before the start of 
the recession. LME stocks continued to creep upward during the 
first half of 2012 even though nickel consumption was rising in 
China and the economies of key countries like Brazil and the 
United States were recovering from the economic downturn. 

In July, LME stocks started to rise sharply and ended 2012 

at 141,690 t. Data collected by the INSG (2013, p. Al-A2, 

A7) indicated that, at yearend 2012, world nickel producers 
luding those in Austria, China, Kosovo, Macedonia, and the 

A ‘on of Russia) held an additional 87,400 t of primary 

Dr AM About 7396, ОГ 64,000 t, of the producer stocks 
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was class I material (refined products with a nickel content of 

99% or greater), which included, in order of decreasing quantity, | 
electrolytic cathodes, briquets, pellets, powder, and rondelles. 
The remaining 27% was class II material, which included 
ferronickel, oxide sinter, and East Asian utility nickel. All stocks 
in LME warehouses were class I. At yearend, U.S. consumer 
stocks of primary nickel totaled 10,200 t, 13% less than the 
11,700 t held at yearend 2011 (tables 1, 5). 


Prices 


Nickel prices decreased in 2012 even though the global 
economy was slowly recovering. Production from newly 
commissioned smelters and refineries more than offset 
increased consumption of the metal. Increased production 
of nickel pig iron in China weakened demand for imported 
ferronickel in the world's largest producer of stainless steel. 
The January 2012 average LME cash price for 99.8%-риге 
metal was $19,818 per metric ton ($8.989 per pound). A 
high of $20,462 per ton ($9.281 per pound) was reached 
in February, followed by 6 months of declining prices. 

The average monthly price bottomed out in August at | 
$15,654 per ton ($7.100 per pound), but partially recovered 

in the fall. The monthly average price for December was 

$17,404 per ton (57.894 per pound), about 12% less than that | 
of January. The average annual LME price was $17,533 per ton | 
($7.953 per pound)—23% less than the 2011 average. 
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The world's leading producer of nickel ore was Norilsk 
(Russia), followed by Vale S.A. (a “national origin" company 
with headquarters in Brazil and Canada) and the BHP Billiton 
Group (with headquarters in Australia and United Kingdom). PT 
Aneka Tambang Tbk. (Indonesia) was in fourth place, producing 
large tonnages of direct shipping ore (DSO) for China's nickel 
pig iron (NPI) industry. | 

According to the INSG, world use of primary nickel was 
1.66 Mt in 2012— ап alltime high for the third consecutive 
year—and was 3% greater than the previous high of 1.61 Mt 
in 2011 (International Nickel Study Group, 2013, p. A-1 and 
A-6). Global mine production increased by 11% to a record- 
high 2.18 Mt. Mine production in eastern Canada, however, 
decreased by 796 even though the prolonged labor dispute 
between Vale and the United Steelworkers had been settled 
in late 2010. The dispute had crippled Vale's mining and 
concentrating operations in Ontario and Labrador for more 

han a year. 

| Global demand continued to be buoyed by the growth of 
apparent consumption in China, which rose to 770,000 | oe 
2012 from 360,000 t in 2008. China’s stainless steel in : 
continued to expand and used a record-high 607,000 t K 
primary nickel in 2012, a 17% increase from the ШП m 
consumed in 2011. China's stainless steel Јар а d 
leading consumer of primary nickel in the pe d E 
industry of the countries of the EU PRU PAE 
primary nickel in 2012, while Japan’s steel m 2 ry 622). 
third place with 78,000 t (ERAMET Group. KS А (20148, b) 
According to the International Stainless Stee 
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global stainless steel production increased to a record-high 
35.4 Mt in 2012 from 33.6 Mt in 2011 and 31.1 Mt in 2010. 

Australia. —Australia was the fifth-ranked nickel-producing 
country in the world in terms of refinery output but ranked 
second in mine output. Nine companies in Western Australia 
reported producing salable nickel in 2012. Three of the nine 
trucked sulfide ore to BHP Billiton's concentrator at Kambalda 
for further processing [Department of Mines and Petroleum 
(Western Australia), 2013, p. 32-34]. 

Laterite Operations.—The Yabulu refinery of Queensland 
Nickel Pty. Ltd. processed laterite ores purchased from 
independent mining operations in Indonesia, New Caledonia, 
and the Philippines. In 2012, Yabulu produced about 34,000 t 
of nickel, mostly in the form of compacts (a product similar to 
rondelles) averaging 98.5% nickel or greater. Other products 
included nickel carbonate, specialty nickel oxide, and nickel 
oxide sinter (Queensland Nickel Group, The, undated, p. 8, 10). 

In October 2011, First Quantum Minerals Ltd. 
recommissioned the idled Ravensthorpe complex in Western 
Australia after making $150 million worth of modifications 
to the front end of the complex. In 2012—the first full year 
of commercial operation—the company processed 2.81 Mt of 
beneficiated ore averaging 1.5% nickel. About 77% of the nickel 
was recovered, up from 68% in the fourth quarter of 2011. 
Ravensthorpe produced 32,884 t of nickel contained in a mixed 
nickel-cobalt hydroxide intermediate in 2012 (First Quantum 
Minerals Ltd., 2013, p. 11, 30-31, 42). 

The Murrin Murrin complex near Leonora, Western Australia, 
used sulfuric acid to leach nickel and cobalt from lateritic ores 
in high-temperature, high-pressure autoclaves. The laterite 
mining and processing operation produced 36,400 t of nickel, an 
increase of 2196 from that produced in 2011 and a record high 
for the complex. In October 2011, Glencore Investment Pty. 
Ltd., a wholly owned subsidiary of Glencore International plc, 
acquired the 6096 interest in Murrin Murrin held by its joint- 
venture partner, Minara Resources Ltd., and took full control 
of the operation. At yearend 2012, Murrin Murrin had 188 Mt 
of proven and probable reserves, averaging 0.98% nickel and 
0.06976 cobalt (Glencore International plc, 2013, p. 46—52, 74). 

Sulfide Operations.—The Avebury Mine [MMG Ltd. 
(Southbank, Victoria)] in Tasmania remained on care- 
and-maintenance status throughout 2012. MMG's major 
shareholder was China Minmetals Nonferrous Metals Co. Ltd. 
(Beijing, China). 

[n 2012, Nickel West, a subsidiary of BHP Billiton, produced 
56,100 t of metal briquettes and powder at its Kwinana refinery 
In Western Australia from matte produced at its Kalgoorlie 
smelter. Kwinana also produced several intermediate products, 
including ammonium sulfate, cobalt-nickel sulfide, and copper 
sulfide. The Kalgoorlie smelter produced an additional 48,100 t 
of nickel in finished matte (68% nickel) or concentrate for 
export. The company reduced matte production in the fourth 
quarter so that scheduled maintenance could be performed 
at both Kalgoorlie and Kwinana. About one-third of the 
concentrate feed for the smelter came from the Mount Keith 
Mine in the Northern Goldfields region. The other two-thirds 
came from Nickel West's Perseverance-Cliffs mining operations 
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near Leinster and third party mines at Kambalda (BHP Billiton, 
2013, р. 79-80, 90, 136). 

Western Areas NL mined 348,000 t of sulfide ore grading 
4.9% nickel and containing 17,037 t of recoverable nickel at its 
Flying Fox underground mine at Forrestania in the fiscal year 
ending June 30, 2013. The company also extracted 207,000 t of 
ore grading 5.1% nickel and containing 10,602 t of nickel from 
its new Spotted Quoll Mine, 6 km south of Flying Fox (Western 
Areas NL, 2013, p. 2, 5, 8-13). 

Poseidon Nickel Ltd. (Subiaco, Western Australia) was 
preparing to recommission the Mt. Windarra underground 
mine in the North Eastern Goldfields district, 260 km northeast 
of Kalgoorlie. The mine had been in operation from 1974 to 
1993. Poseidon spent most of 2011 dewatering the underground 
workings so that the haulage shaft could be refurbished. 

The nickel sulfide mineralization is associated with 10- to 
45-m-thick, metamorphosed flows of olivine peridotite. The 
Windarra deposit has 3.9 Mt of indicated resources and inferred 
resources grading 1.6196 nickel. Poseidon has also been drilling 
the Cerberus deposit about 10 km southeast of the Mt. Windarra 
workings (Poseidon Nickel Ltd., 2013a, p. 24–39; 2013b). 

The following five companies also mined nickel sulfide ores 
in Western Australia during 2012: GlencoreXstrata Nickel 
Australasia Pty. Ltd. (Cosmos, Sinclair), Independence Group 
NL (Long), Mincor Resources NL (Mittel, Carnilya Hill), 
Norilsk Nickel Australia (Lake Johnston), and Panoramic 
Resources Ltd. (Lanfranchi Tramways) [Department of Mines 
and Petroleum (Western Australia), 2013, p. 32-34]. 

Brazil. —Seven companies mined nickel оге in Brazil —Anglo 
American Níquel Brasil Limitada, Cia. Nickel do Brasil, Grupo 
Votorantim, Mineradora Comercial Lillian Ltda., Mirabela 
Nickel Ltd., Prometálica Мтегасао Centro Oeste S.A., and 
Vale S.A. 

In March 2011, Anglo American Níquel Brasil Limitada 
poured the first deliverable ferronickel at its $1.9 billion Barro 
Alto mining and smelting complex in Goiás State. The new 
smelter-refinery produced 21,600 t of nickel in ferronickel in 
2012, more than triple the output of 6,200 t in 2011. Barro Alto 
also continued to supply ore to the Codemin ferronickel plant in 
Niquelandia for blending. In 2012, Codemin produced 9,600 t 
of nickel in ferronickel, slightly more than the 9,500 t of 2011. 
At yearend 2012, the Barro Alto Mine had 46.8 Mt of proven 
and probable reserves of saprolite averaging 1.6196 nickel. 
These figures equated to 754,000 t of nickel. Niquelandia had 
an equivalent 4.9 Mt of ore averaging 1.34% nickel (Anglo 
American plc, 2013, p. 80—89). 

In June 2012, Vale S.A. suspended operations at its Onca 
Puma smelting complex in Para State after both ferronickel 
furnaces developed problems and were damaged during 
ramp up. The $2.84 billion mining and smelting complex, 
commissioned in March 2011, produced about 6,000 t of 
nickel in ferronickel prior to the June shutdown. The company 
decided to rebuild one of the damaged furnaces at an estimated 
cost of $188 million and planned to resume ramp up of the 
rebuilt furnace in the fourth quarter of 2013. With only one 
furnace operating, the complex would have a nominal capacity 
of 25,000 t/yr of nickel in ferronickel. At yearend 2012, the 
Onca Puma Mine had 82.4 Mt of proven and probable reserves 
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averaging 1.52% nickel (Vale S.A., 2011; 2013, p. 16, 21, 
40—42, 64, F—29; Spinetto, 2012). 

Votorantim Metais Níquel S.A. was the leading producer 
of electrolytic nickel in Latin America and operated a nickel- 
Cobalt refinery in Sao Miguel Paulista, Sao Paulo State, capable 
of producing 23,000 t/yr of 99.9%-pure electrolytic nickel 
and 1,420 t/yr of electrolytic cobalt. The Sao Miguel Paulista 
refinery processed intermediate nickel carbonate from the 
company's operation in Niquelandia. The refinery produced 
21,437 t of electrolytic nickel in 2012, up from 20,521 t in 
2011. The sulfide smelter of Votorantim Metais at Fortaleza 
de Minas, Minas Gerais State, produced 14,345 t of nickel in 
matte in 2012, primarily for export to Finland, up from 13,703 t 
in 2010. The matte typically assayed 5096 to 55% nickel, 7% 
to 1296 copper, and 0.14% to 1% cobalt [International Nickel 
Study Group, 2014, p. В-5 and В-6; Departamento Nacional de 
Producáo Mineral (Brazil), 2014, p. 96—97]. 

Mirabela Nickel Ltd. (Perth, Western Australia, Australia) 
produced sulfide concentrate at its Santa Rita Mine near Ipiau, 
Bahia State. In 2012, Mirabela produced 19,253 t of nickel 
in concentrate, an increase from 15,854 t in 2011. Mirabela 
shipped about 44% of the concentrate to Norilsk Nickel's 
Harjavalta smelter in Finland, and trucked the other 56% 

1,350 km to Votorantim's Fortaleza smelter in Minas Gerais. 
Santa Rita reportedly had 16.7 Mt of proven reserves averaging 
0.57% nickel and 143 Mt of probable reserves grading 0.52% 
nickel (Mirabela Nickel Ltd., 2013, p. 7—10). 

Burma.—The Tagaung Taung (Dagongshan) ferronickel 
smelter was in the final stage of construction in north-central 
Burma. The nickel laterite mine and adjacent smelter are in the 
Sagaing/Mandalay Region, less than 200 km from the Chinese 
border. The rotary kiln electric furnace (RKEF) facility was 
designed to produce 25,000 t/yr of nickel-in-ferronickel pellets. 
The 72-megavolt-ampere electric furnace was successfully 
tapped on March 5, 2013, as part of a trial run. According to 
the Myanmar Ministry of Mines, the Tagaung Taung strip mine 
was commissioned in March 2011 and had 40 Mt of reserves 
averaging 2.02% nickel (Metallurgical Corporation of China, 
Ltd., 2013). 

Canada. —Four Provinces had active nickel mines in 
2012—Manitoba, Newfoundland and Labrador, Ontario, and 
Quebec. In addition, companies were evaluating a variety of 
nickel deposits in all but two of the other six Provinces and 
three Territories. 

Manitoba.— Vale Canada's operations at Thompson produced 
24,200 t of refined nickel in 2012 from ores extracted from the 
Birchtree and Thompson Mines. The Thompson Mine processed 
1.16 Mt of ore grading 1.86% nickel, while the Birchtree Mine 
produced 643,000 t of ore grading 1.3476 nickel (Vale S.A., | 
2013, p. 37, 41-42). The Thompson operation was also smelting 
concentrates shipped from Vale's mining operation near Voisey's 

i hern Labrador. 
еа and Labrador.— Vale Newfoundland & 
Labrador Ltd. extracted 2.35 Mt of ore grading 3.1 1% nickel 
and 1.9496 copper from its Ovoid Mine near Voisey's Bay 
that eventually yielded 61,900 t of refined nickel, down from 
68.900 t in 2011, but significantly more than the 42,300 tin 
2010 when a prolonged labor dispute affected production. 
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Vale has been constructing a hydrometallurgical processing 
plant at Long Harbour, Newfoundland, since April 2009. The 
Long Harbour plant was scheduled to begin operation in 2013 
using concentrates from Ovoid as feed. In 2012, Vale Nickel 
shipped the high-grade nickel concentrate produced at Ovoid to 
Sudbury, Ontario, and Thompson, Manitoba, for smelting and 
downstream processing (Fluor Corp., 2014; Vale S.A., 2013, 
р. 37—38, 41-42). 

Ontario.—Sudbury has been the leading nickel-producing 
district in Canada since 1883. Vale Canada's Ontario Division 
produced 65,500 t of refined nickel in 2012 from its own ores, 
up from 59,700 t in 2011 and 22,400 t in 2010 (the final year of 
a prolonged labor strike). The Ontario Division had eight mines 
operating in 2012. Part of the 65,500 t was recovered from 
intermediate nickel oxide at the division's Clydach refinery in 
the United Kingdom. Vale Canada continued to develop its new 
$450 million Totten Mine during and after the strike. In 2012, 
the partially completed mine produced 6,000 t of ore grading 
2.37% copper and 1.15% nickel (Vale S.A., 2013, p. 37-42). 

Xstrata, Sudbury's other principal producer, mined 
1,480,000 t of ore with an average grade of 1.61% nickel and 
3.71% copper (Xstrata plc, 2013b, p. 1, 8-9). Xstrata's smelter 
at Falconbridge produced 72,526 t of nickel in matte, which was 
shipped to the company's Nikkelverk operations in Norway for 
refining (Xstrata plc, 2013a, p. 16; 2013b, p. 8-9). 

Quadra FNX Mining Ltd. operated the Levack/Morrison, 
McCreedy West, and Podolsky Mines, all located within 35 km 
of Sudbury, and retained the mineral rights to the Kirkwood and 
Victoria properties. In 2012, the company sold ore containing 
4,760 t of payable nickel. The Morrison Mine produced 2,770 t 
or 58% of the 4,760 t. Another 1,600 t (34%) came from 
McCreedy West. In March, KGHM Polska Miedz S.A. (Lubin, 
Poland) bought Quadra FNX for $2.9 billion. The company was 
renamed KGHM International Ltd. and ceased to be a publicly 
traded company on March 29 (KGHM International Ltd., 2013, 
p. 2, 7, 9, 11—13, 22). 

Noront Resources Ltd. (Toronto) continued to evaluate a 
cluster of copper-nickel-PGE deposits in the McFaulds Lake 
district of northern Ontario. The district is located in the James 
Bay Lowlands and is the site of two massive chromite zones 
associated with a large ultramafic intrusion—the Ring of Fire. 
The government of Ontario was working with the mining 
industry, local communities, and the Matawa First Nations 
to develop all-weather roads, a possible rail line, and other 
infrastructure needed to support mining development (Kral, | 
2013, p. 22, 24). Mineral development in the Ring of Fire Kus 
could generate more than $25 billion for the Province of a 
by 2047 (Ontario Chamber of Commerce, 201 4). Since 2001, 
significant deposits of gold, vanadium, and zinc have been 
discovered in the region in addition to the chromium, copper 
and nickel. At the present time, the nearest rail line and ore " 
transport point is roughly 330 km away in Nakina, northeas 

Nipigon. , 
gx 2011, Noront filed plans of its proposed Eagle $ 
| ко i tal Assessment 
Nest project with the Canadian Environmen bsequently 
ince of Ontario. The company 50050 
Agency and the Province o сеа! 
discovered additional nickel, copper, and FOE reso er 2002, 
two other sites— Eagle Two” and *AT-12." In Octo 
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Noront completed a full feasibility study of the Eagle's Nest—a 
komatiitic deposit (that is, a sulfide deposit interpreted to have 
formed in a dynamic lava channel or magma conduit). The 
sulfide concentrate would be slurried and pumped through a 
pipeline from the underground mine to Webequie Junction 
(Ontario Prospector, The, 2010, p. 22—24, 26, 28—29; Noront 
Resources Ltd., 2012a, p. 1, 3-8, 14—21; 2012b). 

Quebec.—Xstrata's Raglan operation in northern Quebec 
produced 28,613 t of nickel in concentrate, which was 596 more 
than the 27,274 t recovered in 2011. A fourth underground 
mine—Kikialik—was being excavated at Raglan and 
began commercial production in January 2012 (Xstrata plc, 
20136, p. 8). 

Royal Nickel Corporation (RNC) (Toronto, Ontario) was 
evaluating the Dumont nickel property, about 70 km northwest 
of Val d’Or. In January 2012, RNC commissioned Ausenco 
Solutions Canada, Inc. to update the existing prefeasibility 
study and prepare a NI 43-101-compliant technical report on 
the property. The nickel mineralization was associated with 
a 700-m-thick mafic to ultramafic sill. The deposit, near the 
town of Amos, had 1,177 Mt of proven and probable reserves 
grading 0.27% nickel, putting Dumont on par with the Voisey's 
Bay deposit in Labrador (Ausenco Solutions Canada, Inc., 
2012, p. 1-1 to 1-16). Once in operation, the mine could 
produce nickel for over 30 years. The existence of excellent 
infrastructure should make construction and operation of the 
processing facilities easier. Environmental management would 
be simplified because the mine would have minimal amounts of 
acid-generating sulfides in the waste rock and tailings (Ausenco 
Solutions Canada, Inc., 2012, р. 5-1 to 5-2, 7-1 to 7-24). 

China.—China's NPI industry has grown rapidly since 2006. 
During the last 6 years, the bulk of China's production has 
shifted from traditional blast furnaces and relatively small- 
scale electric furnaces to much more efficient RKEF facilities. 
Because the output of China's nickel mines lags far behind 
domestic demand at the present, the NPI industry has consumed 
significant tonnages of lateritic DSOs from Indonesia and 
the Philippines, and to a lesser extent, New Caledonia. The 
Government of Indonesia was concerned about the increasing 
exports of DSO to China and was preparing to introduce a law 
banning the export of unprocessed ores in an effort to stimulate 
construction of RKEF operations, ferronickel smelters, and 
similar downstream processing facilities in the archipelago. PT 
Indoferro (Jakarta, Indonesia) was constructing a NPI facility at 
Cilegon on the island of Java (see "I[ndonesia"). 

According to the China Nonferrous Metals Industry 
Association, China produced 308,000 t of nickel contained in 
NPI in 2012, up from 254,300 t in 2011 (Nickel Monthly, 2013, 
p. 5). NPI from Nei Mongol Autonomous Region, Jiangsu 
Province, and Liaoning Province typically contain 10% to 15% 
nickel, compared with only 4% to 8% at some operations in 
Shandong and Shanxi Provinces. At least 10 greenfield NPI 
plants were in varying stages of construction at yearend 2012. 
One of these was the 600,000-t/yr NPI project of the Fujian 
Haihe Industry Co., which started up two 30,000-kilovolt- 
ampere (KVA) furnaces in May. Four 60,000-KVA furnaces 


were to be constructed in Phase 2 of the project (Nickel 
Monthly, 2012, р. 9-1 0). 
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Greenland.—At the end of 2011, the Geological Survey 
of Denmark and Greenland announced the discovery of the 
oldest-known meteorite impact site in the world, near the town 
of Maniitsoq. The Maniitsoq area, 160 km north of Nuuk, is 
underlain by highly deformed and metamorphosed gneisses of 
Archean age. North American Nickel Inc. (NAN) [Vancouver, 
British Columbia, Canada] was granted a license to explore 
a 75-km-long by 15-km-wide, curvilinear belt of younger, 
relatively undeformed norite intrusions that appear to be related 
to the 3.0-billion-year-old impact site. Most of the nickel-copper 
sulfide mineralization discovered to date has been associated 
with this norite belt, which geologists now refer to as the 
Greenland Norite Belt (GNB) (Garde and McDonald, 2012; 
Garde and others, 2013; North American Nickel Inc., 2012). 

In November 2012, NAN discovered significant copper, 
nickel, and cobalt sulfide mineralization within the GNB at 
Imiak Hill. In early December, NAN announced the discovery 
of a second zone of significant sulfide mineralization—at 
Spotty Hill, only 1.5 km from Imiak Hill. The discovery hole 
at Spotty Hill revealed 124 m of disseminated sulfides grading 
0.81% nickel, 0.21% copper, and 0.03% cobalt, and included 
zones of near-massive sulfides (North American Nickel Inc., 
2012). Ports in this part of Greenland are ice-free all year, 
allowing concentrate to be shipped in both summer and winter 
to processing plants such as Vale’s new hydrometallurgical 
operation in Newfoundland. 

Guatemala.—ln September 2011, HudBay Minerals Inc. 
(Toronto, Ontario, Canada) sold its 98.2% interest in the Fenix 
ferronickel project, west of E] Estor, to the Solway Investment 
Group Ltd. (Larnaca, Cyprus) for $140 million in cash at 
closing. Solway also agreed to pay HudBay up to $30 million 
over time at key milestones as the project progressed. The 
Government of Guatemala owns the remaining 1.8%. HudBay 
originally took over the Fenix project in August 2008 when it 
acquired Skye Resources Inc. The Fenix operation had been 
on care-and-maintenance status since 1980 and includes a 
brownfield laterite mine and a processing plant on the north 
shore of Lake Izabal (Hudbay Minerals Inc., 2012, p. 4; 
Kosich, 2011). 

The Fenix project has 36.1 Mt of mineral reserves averaging 
1.86% nickel and should be capable of producing 25,000 t/yr of 
nickel in ferronickel when the first phase of modernization and 
upgrading is completed in mid-2014. The upgraded ferronickel 
plant would employ technology similar to that used by BHP 
Billiton at Cerro Matoso in Colombia and by Solway at its 
wholly owned Pobusky ferronickel plant in Ukraine. Production 
over the 27-plus year project life is projected to be 600,000 t of 
nickel in ferronickel (Solway Investment Group Ltd., 2014). 

Solway also applied for a permit, through its subsidiary 
Compafiia Guatemalteca De Niquel S.A., to mine direct 
shipping ores in the Montufar area southeast of Lake Izabal. 
After minimal processing, the Montufar ores could be trucked 
to the Port of Santo Tomas on the Gulf of Honduras for export 
(Solway Investment Group Ltd., 2014). 

Indonesia.—In May, the Government of Indonesia reminded 
PT Aneka Tambang Tbk. (Antam) and other companies mining 
nickel laterites that new quotas would be introduced soon as part 
of a comprehensive national policy to sharply limit exports of all 
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DSOs. The Government wanted foreign consumers to construct 
state-of-the-art ferroalloy and NPI facilities in the archipelago. 
However, a shortage of hydroelectric powerplants and other 
renewable-energy-based utilities limited the number of sites 
suitable for greenfield electric-furnace-based smelters (Jensen 
and Supriatna, 2012). 

At some point, an outright ban on unprocessed raw materials 
would take effect. [The new regulations, originally enacted in 
2009 as Law No. 4, eventually came into force on January 12, 
2014. The ban halted all sales of Indonesian DSO to ferronickel 
and NPI producers in China, Japan, Ukraine, and other overseas 
customers. The ban also applied to bauxite and chromite (Els, 
2014).] In 2012, Indonesia exported 48.4 Mt of nickel ore, 
of which 43.1 Mt went to China (International Nickel Study 
Group, 2014, p. B-20). 

Antam decided to modernize its ferronickel complex at 
Pomalaa and construct two 30-megawatt (MW) coal-fired 
powerplants close to the complex in anticipation of the 
imminent ban and tax on exports of DSO. Antam mined 9.43 Mt 
(wet) of various laterite ores, exceeding its alltime high of 
7.96 Mt in 2011. About 86% of the production in 2012 was 
DSO for export— primarily to Australia, China, Eastern Europe, 
and Japan. Antam produced 18,372 t of nickel in ferronickel, a 
decrease of 7% from that in 2011. Approximately 75 to 85 wet 
metric tons of high-grade nickel ore averaging 1.8% nickel 
were needed to produce 1 t of nickel contained in ferronickel. 
Antam's three smelters at Pomalaa had a combined capacity 
of 26,000 t/yr of nickel in ferronickel (in the form of ingot and 
shot averaging 19% to 21% nickel) (PT Aneka Tambang Tbk., 
2013, p. 30-34, 58-61, 89-91, 98—101, 105-108, 139-143, 
165, 218—219). 

PT Vale Indonesia Tbk. (РТУ (formerly PT International 
Nickel Indonesia ТОК.) mined 3.68 Mt of ore averaging 2.02% 
nickel from its Sorowako concessions on Sulawesi, as measured 
by the amount of product delivered to the company's smelter 
from its adjoining dryer kilns. The smelter produced 70,717 t of 
nickel in matte for export to Japan in 2012, up by 6% from that 
in 2011. In October 2011, РТУ! inaugurated its 90-MW Karebbe 
hydroelectric power station, raising capacity of the 27 5-MW 
system to 365 MW. The cost savings generated by using эчу, 
Karebbe's hydropower helped to offset the short-term decline in 
nickel prices. Vale Canada had a 59% interest In PTVI. The next 
largest shareholder was Sumitomo Metal Mining Co. Ltd., with 
а 20% interest (PT Vale Indonesia Tbk., 2013, p. 1, 15, 30, 50). 

Ibris Nickel Pte. Ltd. (Singapore) and smaller, locally owned 
mining companies, like PT Mobi Jaya Persada (Dampala, | 
Sulawesi), were especially concerned about the controversial 
export ban. Ibris, the third-largest nickel mining company 
in Indonesia in terms of ore extraction, employed about 
1.400 workers at its 2-Mt/yr mine in North Konawe, Southeast 
Sulawesi. All of the North УМ ore production was being 

: nsen, 2014). 

E. d. Ar planning to invest $1.5 billion in a nickel 
mining and hydrometallurgical processing complex at Weda 

Halmahera Island, North Maluku. PT Weda Bay Nickel 
м Jakarta Indonesia) was a joint venture of ERAMET 
(WBN)( PUE (27%), Antam (10%), and Pacific 
(60%), Mitsubishi “P. КОН сог for WBN completed the 
Metals Co. (3%). In May, contractors tor comp 
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required Environmental, Social, and Health Impact Assessment. 
The baseline and impact study was carried out to meet the 
requirements of international financing institutions. At the 

end of 2012, WBN was removing lateritic ore from proposed 
infrastructure construction sites and stockpiling the ore for 
future processing. The hydrometallurgical plant proposed for 
Phase | of the project was to have an initial design capacity of 
35,000 t/yr of nickel (ERAMET Group, 2013, p. 5, 11, 21, 25, 
38, and 51). 

Madagascar.—The $5.5 billion Ambatovy mining and 
hydrometallurgical complex was commissioned in the third 
quarter of 2012. The ore was leached with hot sulfuric acid in 
autoclaves to produce a mixed sulfide intermediate of cobalt 
and nickel. Ambatovy produced 8,972 t of nickel and cobalt in 
mixed sulfides in 2012. In September, the refinery in Toamasina 
began commercial production of finished nickel metal and 
cobalt. The cobalt and nickel were separated from one another 
by solvent extraction. The greenfield refinery produced 5,695 t 
of nickel metal briquettes and 493 t of cobalt metal briquettes 
and powder from the mixed sulfides. When fully operational, 
Ambatovy would be capable of producing 60,000 t/yr of nickel 
metal and 5,600 t/yr of cobalt metal. The complex was expected 
to be one of the largest lateritic mining, processing, and 
refining operations in the world (Sherritt International Corp., 
2013, p. 4-7, 28, 34-35). 

New Caledonia.—Société Le Nickel, a subsidiary of 
ERAMET, produced 43,030 t of nickel in ferronickel at its 
Doniambo smelter. The smelter also produced 13,417 t of 
nickel in matte, which was shipped to ERAMET’s Sandouville 
refinery in France for conversion into LME-grade metal and 
chemicals (Direction de l'Industrie, des Mines et de l'Energie 
(DIMENC), 2014, p. 2; International Nickel Study Group, 2013, 
p. В-48; 2014, р. B-27). 

At yearend 2012, Vale Nouvelle-Calédonie SAS (VNC) Was 
ramping up production at its new Grand Sud hydrometallurgical 
complex. The Grand Sud complex was using a high-pressure 
acid leach process to treat both limonitic and saprolitic ores. 
The hydrometallurgical plant produced 3,191 t of nickel in 
nickel hydroxide cake averaging 16% nickel in addition to 
2,111 t of nickel in nickel oxide averaging 78% nickel. The 
mixed hydroxide precipitate, produced in the upstream part a 
the operation, was shipped to the Yabulu refinery 1n Queensian 
for further processing. The nickel oxide, however, was sent 
to Vale’s refinery at Dalian, China, for conversion into utility 
nickel. In 2012, the mine delivered 1.18 Mt of lateritic ore 
averaging 1.27% nickel to the hydrometallurgical p Sont 
yearend 2012, VNC had 123 Mt of proven and probab e ae 
of dry ore grading 1.44% nickel. The $4.3 billion pee yi 
processing complex was expected to have a SE 2 n 
of 57,000 t/yr of nickel in nickel oxide and nickel hy ia 
cake when fully operational in 2016 (Direction de l'Industrie, 

i , i 14: Vale S.A., 2013, 
des Mines et de l'Energie (DIMENC), 2014; 

. 22, 39-42, 55, 64, F-52). | a 

; n 2006, Koniambo Nickel SAS began constructing es 
complex and ferronickel smelter in the North Е. dedi 
port of Vavouto. The $6.3 billion project was а ips Lio pat 
Société Miniére du Sud Pacifique and Xstrata Nic КУЧА 
of GlencoreXstrata). А 12-km-long overland convey 
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was built to haul saprolitic ore from the nearby Koniambo 
Massif to the smelter site. Commercial production of ferronickel 
was scheduled to begin in April 2013. The smelter had a 

design capacity of 60,000 t/yr of nickel in ferronickel shot. 

The nonfriable shot was expected to average 35% nickel, 63% 
iron, and 0.9% cobalt. At yearend 2012, the Koniambo Mine 
had 62.5 Mt of proven and probable reserves averaging 2.40% 
nickel (Swanepoel, 2013; Koniambo Nickel SAS, 2014; Xstrata 
Nickel, 2012). 

Papua New Guinea.—In February, Metallurgical Corporation 
of China, Ltd. (МСС) started commissioning the Кати project 
near Madang. The $2.1 billion nickel-cobalt project was a 
joint venture of a Chinese consortium led by МСС (85%), the 
Government of Papua New Guinea and local landowners (6%), 
and Highlands Pacific Ltd. (996). The ore was being slurried 
and piped 135 km from the mine on the Kurumbukari Plateau, 
across the Ramu River, to the Basamuk processing plant on 
the Rai Coast. The Basamuk plant was designed to produce 
78,000 t/yr (dry) of mixed nickel-cobalt hydroxide containing 
31,200 t of nickel and 3,300 t of cobalt. During rampup in 2012, 
the Ramu project produced 13,777 t (dry) of mixed hydroxide 
containing 5,283 t of nickel and 469 t of cobalt (Highlands 
Pacific Ltd., 2014, p. 10-11). 

Russia.—About 78% of Norilsk's sales of marketable 
nickel came from its operations in Russia. The other 22% was 
generated by the company's holdings in Finland (18%) and 
Botswana (4%). Norilsk's Australian subsidiary produced 
8,975 t of nickel in concentrate from ore mined at Lake Johnston 
but shipped the concentrate to Norilsk's Harjavalta refinery in 
Finland for further processing. Norilsk's operations on the Kola 
and Taimyr Peninsulas had a combined output of 233,632 t of 
nickel metal—about 92% of Russia's primary nickel output 
for the year. Norilsk's Russian subsidiaries exported almost all 
of their nickel production; only about 9,000 t, or 496, was sold 
to Russian consumers and other buyers in the Commonwealth 
of Independent States (OJSC MMC Norilsk Nickel, 2013, 

p. 60—67, 74–75). 

OAO Mechel (Moscow) owned and operated the Southern 
Urals ferronickel smelter in Orenburg Oblast’ plus the two 
laterite mines—Buruktal and Sakhara—that supplied the 
operation. Mechel produced only 9,782 t of nickel in low-iron 
ferronickel in 2012, of which an estimated 8,700 t was exported. 
The remainder was used to make stainless steel at Mechel's 
stainless steel plant at Chelyabinsk. The bulk of the exported 
ferronickel was delivered to Stratton Metal Resources Ltd., 
Outokumpu Rossija Oy, A&M Trading, Glencore International 
AG (a Swiss operating subsidiary of Glencore), and MBR 
Metals Oü. In December, Mechel halted its nickel mining and 
Processing operations for an extended period of time because of 
the continued decline in demand for nickel on global markets 
and the corresponding weakening in the LME price of nickel 
(OAO Mechel, 2013, p. 116—124). 

In early 2012, the owners of Highmetals KDS (Moscow) 
met with officials of both Chelyabinsk Oblast’ and Sverdlovsk 
Mod to discuss how to best restructure JSC Ufaleynickel and 

A Rezhnikel. The two companies needed to modernize their 
production facilities in order to remain competitive. Highmetals 
reportedly acquired the two companies at the end of 2011 from 
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OOO Industrial and Metallurgical Holding Management Co. 
Prior to the crisis, Ufaleynickel had been producing 14,000 to 
16,000 t/yr of either nickel metal granules or nickel oxides 
(Interfax, 2012). 

In mid-2012, Ural Mining and Metallurgical Co. (UMMC) 
moved forward with its plan to develop the Elkinskoe copper- 
nickel deposit in the Novokhopersky district of Voronezhskaya 
Oblast’. The Russian State Committee on Mineral Resources 
gave UMMC permission to begin developing the deposit 
provided that the company completed a satisfactory geologic 
evaluation of the surrounding area beforehand. In May, UMMC 
was the winning bidder of a tender put forward by the Oblast’, 
in which Norilsk Nickel also participated. The neighboring 
Yelanskoye deposit apparently will be held in reserve (OJSC 
MMC Norilsk Nickel, 2011; Rusmininfo Ltd., 2012). 

Venezuela.—in November 2012, the Government of 
Venezuela refused to renew the mining concessions and 
operating permits held by Minera Loma de Níquel C.A., and 
took control of the laterite mining and ferronickel operation. 
The Government had already cancelled 13 of Loma de Níquel's 
concessions. Petróleos de Venezuela S.A., the parastatal oil 
company, was given responsibility for the operation. Anglo 
American plc had a 91.496 stake in Loma de Níquel prior to the 
takeover. The smelter processed 767,400 t of ore grading 1.40% 
nickel and produced 8,100 t of nickel in ferronickel before 
mining was halted in September (Anglo American plc, 2013, 

p. 81-82, 88; León, 2012). 


Outlook 


Nickel consumers in the United States are expected to be 
dependent on foreign sources of refined metal and ferronickel 
for at least the next 25 years, even if all four of the current 
copper-nickel mining projects in the Lake Superior region come 
to fruition. The ongoing expansion of nickel laterite mining 
operations in Brazil, Guatemala, Indonesia, New Caledonia, 
the Philippines, and other tropical countries will help meet the 
increasing demand for nickel worldwide. The nickel output 
from Vale's state-of-the-art leach facility in New Caledonia and 
the company's new Long Harbour plant in Newfoundland is 
expected to satisfy the mid-term rise in global demand projected 
after 2016. Long-range forecasts of increasing usage in Asia 
have encouraged parastatal companies in China to fund the 
development of greenfield laterite mines in Burma, Indonesia, 
and Papua New Guinea, European and North American 
companies are seriously considering funding large-scale laterite 
projects in Cameroon, the Philippines, and Tanzania. At least 
two exploration companies are showing renewed interest in the 
nickel mineralization of Cóte d'Ivoire, especially deposits near 
Biankouma and Yoroudougou. 

Sulfide mines approaching the end of their productive lives 
because of dwindling reserves and high operating costs continue 
to be replaced. Exploration for nickel sulfides is underway in 
several parts of the Arctic including the Far North of Alaska 
and the northern Territories of Canada (especially Baffin 
Island, other parts of Nunavut, and the Yukon). North American 
Nickel has launched an aggressive exploration program at its 
Maniitsoq property in southwestern Greenland, following the 
discovery of high-grade pentlandite-chalcopyrite mineralization 
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at Imiak Hill. Developments of high-grade sulfide deposits like 
Imiak Hill, however, are becoming less frequent because the 
deposits are harder to find and located farther from traditional 
shipping routes. These new projects are more costly to finance 
owing to their remoteness, stricter environmental regulations, 
and increased technical complexity. As a result of advances in 
bioengineering, previously passed over large-tonnage, low-grade 
polymetallic sulfide ore deposits like those at Sotkamo, Finland, 
are now amenable to bioheap leaching. 

Concerns about global warming and associated climate 
changes, together with high oil prices, have encouraged 
research, development, and construction in the renewable energy 
sector. Many of the older coal-fired plants do not meet current 
environmental standards, cannot be economically renovated, 
and are scheduled to be retired. The retrofitting of coal-fired 
powerplants to reduce carbon dioxide emissions remains a 
national issue. State-of-the-art powerplants fired by natural gas 
are expected to replace some of these coal-based facilities. 

Global demand for electricity continues to increase and is 
accelerating as the population of the world increases. Demand 
for electricity in the United States is expected to increase by at 
least 29% between 2012 and 2040. To meet demand, utilities 
will need to build more generating capacity, irrespective of 
whether the plants operate on fossil fuels, renewable energy 
(geothermal, solar, or wind), or nuclear fuels (safer, fourth- 
generation nuclear reactors). АП of this capacity would 
require large tonnages of nickel-bearing stainless steel and 
superalloys (U.S. Energy Information Administration, 2014a, 

p. MT-16 to MT-23). | 

Demand for nickel in the transportation sector is also expected 
to increase. Chinese, European, and North American usage 
of nickel- and cobalt-base superalloys is expected to escalate 
between 2013 and 2020, largely because of increasing demand 
for new jet aircraft that have more-fuel-efficient engines. 
Boeing forecasts an average growth rate of 4% to 5% per year 
for global passenger and cargo air traffic between 2013 and 
2033. An estimated 36,800 new airplanes would have to be 
built during the 20-year period to meet demand. Significantly 
higher gasoline prices could encourage the replacement 
of conventional automobile steel frames with lighter ones 
fabricated from stronger stainless steel. The development of 
renewable energy sources is expected to accelerate research 
on cost-effective, more advanced batteries, especially for 
automobiles, telecommunication complexes, and remote power 
stations. Depending on material choices, this development could 
either enhance or reduce nickel demand in battery applications 
(Boeing Со., The, 2013, р. 24-29; Tinseth, 2014, p. 10—26). 
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TABLE 1 
SALIENT NICKEL STATISTICS! 


(Metric tons of contained nickel unless otherwise specified) 


2008 2009 2010 2011 2012 
United States: 
Secondary recovery from purchased scrap: 
From ferrous scrap m 71,500 72,100 73,300 77,700 ' 80,400 
From nonferrous scrap 9,250 7,730 8,640 ' 8,940 " 9,500 
Shipments of purchased scrap” 161,000 152,000 139,000 130,000 127,000 
Е Exports: 
Primary 11,600 7,030 ' 12,600 12,400 9,100 
Зесопдагу 94,600 90,000 80,300 64,800 59,800 
Imports for consumption: 
Primary 129,000 99,900 129,000 138,000 133,000 
Secondary 20,100 17,700 23,800 21,300 22,300 
Consumption: 
Reported: 
Primary 103,000 ' 83,100! 98,7007 107,000" 110,000 
Secondary, purchased scrap 86,700 79,800 * 81,900 " 86,600 ' 89,900 
Total 189,000 ' 163,000" 181,0007 194,000" 200,000 
Apparent, primary 99,800 ' 92,5007 118,000" 126,000" 126,000 
Apparent primary plus reported secondary 186,000 ' 172,000" 200,000" 213,000: 216,000 
__ Stocks, yearend: 
Producers and traders 5,860 5,490 6,240 P 6,650 Р 5,980 Р 
Сопзитег, рптагу 9,480 ' 9,140 " 10,900 " 11,700 " 10,200 
Consumer, secondary 6,320 5,520 6,150 6,640 ' 6,530 
Total 21,700 ' 20,100 ' 23,300 ' 25,000 ' 22,700 
Price, cash, London Metal Exchange: 
Average annual dollars per metric ton 21,104 14,649 21,804 22,890 17,533 
Average annual dollars per pound 9.572 6.645 9.890 10.383 7.953 
Price, Type 304 stainless steel scrap, gross weight: 
Average annual dollars per metric ton 2,361 1,462 2,200 2,276 1,860 
___ Average annual | dollars per long ton 2,399 1,486 2,235 2,312 1,890 
World, mine production 1,630,000 ' 1,380,000" 1,650,000‘ 2,050,000" 2,000,000 


PPreliminary. ‘Revised. 


Раса are rounded to no more than three si gnificant digits except prices; may not add to totals shown. 
"Defined as scrap receipts less shipments by consumers plus exports minus imports plus adjustments for consumer stock changes. 

*Derived from the monthly averages of the consumer buying price in Pittsburgh, PA, as published in American Metal Market (AMM). 
The price represents Type 304 solids and clips containing 18% to 20% chromium and 8% to 12% nickel. 
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TABLE 2 | 
NICKEL RECOVERED FROM PURCHASED SCRAP IN THE UNITED STATES, 
BY KIND OF SCRAP AND FORM OF RECOVERY! 


(Metric tons of contained nickel) 


2011 2012 
Kind of scrap: 
Aluminum-base* 1,950 2,110 | 
Copper-base 1,270 1,210 
Ferrous-base* 77,700 ' 80,400 
Nickel-base 5,720 ' 6,180 
Total 86,600 ' 89,000 | 
Form of recovery: 
Aluminum-base alloys 1,950 2,110 
Copper-base alloys 2,280 1,920 
Ferrous alloys 77,800 ' 80,600 
Nickel-base alloys 4,600 5,270 
Total 86,600 ' 89,900 
"Revised. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


Primarily borings and turnings of wrought alloys, such as 2218, 2618, 4032, and 8280, 
or special casting alloys, such as 203.0. 


2 Primarily stainless and alloy steel scrap consumed at steel mills and foundries. 


TABLE 3 
REPORTED U.S. CONSUMPTION OF NICKEL, BY FORM! 


(Metric tons of contained nickel) 


Form 2011 ' 2012 

lob ааа. 
Metal o o = uos а 90,500 93,000 
_Feronickel __________ 13,900 14,900 
.Oxideandoxidesinte? _________ 255 257 
 Chemial? — — 0 1,260 511 

Other 969 1,230 

Total 107,000 110,000 

Secondary, scrap) č OZ ZOOO 86,600 89,900 

Grand total 194,000 200,000. 
"Revised. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes chemical-grade oxide. 
"Under investigation. 


*Based on gross weight of purchased scrap consumed and estimated average nickel content. 
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U.S. CONSUMPTION OF NICKEL, ВУ USE! 


(Metric tons of contained nickel) 


а аа a И И НЕ ВИ РК a ee 


2012 Grand 
Oxide and Other Total Secondary Grand total in 
Use Metal Ferronickel oxide sinter Chemicals forms primary (scrap) total 2011' 
Consumption reported: 
Cast irons” 64 -- -- -- 3 67 2,060 2,130 67 
~ Chemicals and chemical uses 1,340 as (3) 326 = 1,670 -- 1,670 951 
Electric, magnet, expansion alloys 227 W -- W -- 227 (3) 227 246 
Electroplating, sales to platers 6,980 -- -- W (3) 6,980 -- 6,980 6,910 
Nickel-copper and copper-nickel alloys W -- | -- W | 2,250 2,250 2,150 
Other nickel and nickel alloys 17,700 81 6 -- 46 17,800 W 17,800 19,000 
_ Steel: 
Stainless and heat resisting 32,700 12,500 W -- 85 45,300 76,600 122,000 118,000 
Alloys, excludes stainless 2,750 138 -- -- 29 2,920 1,960 4,880 6,110 
Superalloys 25,400 120 — 1 854 26,400 W 26,400 24,400 
Other* 5,800 1,970 250 184 211 8,410 7,050 15,500 15,500 
Total 93,000 14,900 257 511 1,230 110,000 89,900 200,000 194,000 
‘Revised. W Withheld to avoid disclosing company proprietary data; included with “Other.” -- Zero. 
"Рака are rounded to no more than three significant digits; may not add to totals shown. 
"Under investigation. 
"Less than М unit. 
^Includes batteries, catalysts, ceramics, coinage, other alloys containing nickel, and data indicated by symbol W. 
TABLE 5 
NICKEL IN CONSUMER STOCKS IN THE UNITED STATES, BY FORM, DECEMBER 31! 
(Metric tons of contained nickel) 
Form 2011" 2012 
Primary: 
. Metal 8,590 8,980 
Ferronickel 1,030 1,010 
Oxide and oxide sinter 57 24 
Chemicals” 1,890 93 
. Other 107 98 
____ Total 11,700 10,200 
Secondary, scrap 6,640 6,530 
Grand total 18,300 16,700 
"Revised. 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 
"Under investigation. 
NICKEL—2012 
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TABLE 6 
U.S. EXPORTS OF NICKEL PRODUCTS, BY CLASS! 


_ 2011 2012 
Quantity Quantity 
(metric tons of Value (metric tons of Value 
Class contained nickel) (thousands) contained nickel) (thousands) 
Primary: mm 
Unwrought: 
Cathodes, pellets, briquets, shot 914 $22,400 1,240 $23,800 
Ferronickel 23 630 182 5,190 
Powder and flakes 1,500 61,500 1,350 54,600 
Metallurgical-grade oxide” 4,590 31,600 1,700 17,900 
Chemicals: 
Catalysts 3,560 244,000 3,410 247,000 
вав L0 _ 3090 ______ 1м _ 23000 
Total 12,400 391,000 9,100 372,000 
Secondary? 
Stainless steel scrap 49,200 958,000 46,800 804,000 
Waste and scrap 15,600 128,000 13,000 121,000 
Total 64,800 1,090,000 59,800 925,000 
Grand total 77,200 1,480,000 68,900 1,300,000 
Wrought, not alloyed: 
Bars, rods, profiles, wire 253 7,520 326 10,300 
Sheets, strip, foil 436 15,200 356 12,400 
Tubes and pipes 202 7,240 138 2,360 
Total 891 30,000 820 25,100 
Alloyed, gross weight: 
Unwrought alloyed ingot 6,480 170,000 5,500 149,000 
Bars, rods, profiles, wire 18,600 675,000 21,800 796,000 
Sheets, strip, foil 14,300 503,000 10,700 390,000 
Tubes and pipes 2,370 120,000 2,310 134,000 
Other alloyed articles 3,530 370,000 __3,590 366,000 
Total 45,300 1,840,000 43,900 1,830,000 


!Data are rounded to no more than three significant digits; may not add to totals shown. 

?The nickel contents are as follows: metallurgical-grade oxide, 7776; waste and scrap, 5096; and stainless steel scrap, 
7.5%. The salts category contains the following: chemical-grade oxide, sesquioxide, and hydroxide, 6596; chlorides, 
25%: and sulfates, 2296. Other salts and various catalysts are assumed to be 229^ nickel. 

ЗЕхејџдез nickel carbonate. 


Source: U.S. Census Bureau. 


U.S. GEOLOGICAL SURVEY M 


Google 


INERALS УВА 


_ та 


ТАВГЕ 7 
U.S. EXPORTS OF NICKEL PRODUCTS, BY COUNTRY! 


(Metric tons of contained nickel)? 


2012 
Cathodes, 
pellets, and Powder Wrought 
briquets and Metallurgical- Waste Stainless Total nickel 

. County _ (unwrought) flakes _ Ferronickel — grade oxide? ^ andscrap  steelscrap Chemicals — Total іп2011 — in2012" 
Australia -- 5 -- (5) 238 1 1 245 1,430 ] 
Belgium -- 8 -- 357 56 190 319 930 798 ] 
Brazil 92 49 1 -- -- 1 148 291 224 7 
Сапада 36 197 174 1,210 9,670 2,240 744 14,300 14,300 28 
China 1 213 -- 15 10 7,290 724 8,250 11,400 105 
Colombia 65 16 — -- -- (5) 16 97 95 62 
Finland -- -- -- -- -- 450 27 477 3,090 -- 
France 34 4 (5) -— 1 4 39 82 112 44 
Germany (5) 209 (5) 32 338 166 197 942 2,440 85 
Hong Kong -- 17 — (5) -- 575 (5) 592 18 24 
India -- 46 -- 4 104 4,330 213 4,700 2,340 51 
Italy -- 2 -- -- -- 251 28 281 312 15 
Јарап mE = 66 = 8 562 2,610 122 3,370 6,430 12 
Korea, Republic of (5) 58 (5) -- 9 5,660 65 5,790 6,010 54 
Mexico 966 80 -- (5) 11 97 304 1,460 883 86 
Netherlands -- 2 -- -- 376 775 362 1,520 2,860 15 
Pakistan -- 1 -- -- 23 3,110 -- 3,130 851 -— 
Singapore 13 121 -- 7 47 14 83 285 1,590 39 
South Africa — 6 -- 5 16 -- 54 81 57 (5) 
Spain -- (5) -- -- -- 1,230 6 1,240 723 1 
Sweden -- 11 -- -- 308 189 -- 508 448 3 
Taiwan 13 25 6 (5) 22 16,200 158 16,400 15,300 45 
Thailand 3 69 (5) -- -- 833 36 941 1,160 (5) 
United Kingdom 3 55 -- 2 975 61 226 1,320 1,410 38 
Other 11 87 -- 58 187 583 764 1,690 2,970 ' 104 


Мв ӘӘ 
Тога! 1,240 1,350 181 1,700 13,000 46,800 4,640 68,900 77,300 820 


‘Revised. -- Zero. 

! Data are rounded to no more than three significant digits; may not add to totals shown. 

The nickel contents are assumed to be as follows: metallurgical-grade oxide, 77%; waste and scrap, 50%; and stainless steel scrap, 7.5%. The chemicals 
category contains the following: chemical-grade oxide, sesquoxide, and hydroxide, 65%; chlorides, 25%; and sulfates, 22%. Other salts and various 


catalysts are assumed to be 22% nickel. 

ЗСћеписа!-ртаде oxide is included in the “Chemicals” category. 
*Excluded from “2012, total." 

"Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF NICKEL PRODUCTS, BY CLASS! 


saua a aa ee ee, PO 


2011 (342 ___ | 


51.18 


Quantity Quantity | 
(metric tons of Value (metric tons of Value 
Class contained nickel) (thousands) contained nickel) (thousands) 
Primary: 
Unwrought: 
Cathodes, pellets, briquets, shot 117,000 $2,770,000 111,000 — $2,010,000 
Ferronickel 11,700 269,000 13,000 228,000 
Powder and flakes 6,530 191,000 5,210 131,000 
Metallurgical-grade oxide 451 7,850 868 18,500 
Chemicals? 
Catalysts 1,770 105,000 1,590 111,000 
Salts 979 21,400 952 19,100 
Total 138,000 3,370,000 133,000 2,520,000 
Secondary: 
Stainless steel scrap 12,700 295,000 11,700 236,000 
Waste and scrap 8,600 189,000 10,600 209,000 
Total 21,300 484,000 22,300 445,000 
Grand total 159,000 3,850,000 155,000 2,960,000 
Wrought, not alloyed: 
Bars, rods, profiles, wire 301 11,300 669 16,500 
Sheets, strip, foil 422 16,200 600 16,700 
Tubes and pipes 104 4,160 174 5,670 
Total 827 31,700 1,440 38,800 
Alloyed, gross weight: 
Unwrought alloyed ingot 7,780 185,000 12,200 237,000 
Bars, rods, profiles, wire 10,300 331,000 11,400 344,000 
Sheets, strip, foil 3,890 108,000 3,650 91,200 
Tubes and pipes 1,640 89,900 1,590 91,000 
Other alloyed articles 2,210 125,000 1,350 143,000 
Total 25,800 840,000 30,100 906,000 


Data are rounded to no more than three significant digits; may not add to totals shown. 


The nickel contents are as follows: metallurgical-grade oxide from Australia, 90%; elsewhere, 77%. The salts 
category contains the following: chemical-grade oxide, sesquioxide, and hydroxide, 65%; chlorides, 25%; 
sulfates, 2296; and other salts, which are assumed to be 2296 nickel. The typical catalyst is assumed to have a 
nickel content of 2296. Waste and scrap is assumed to be 50% nickel; stainless steel scrap, 7.5% nickel. 


?Excludes nickel carbonate. 


Source: U.S. Census Bureau. 
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TABLE 9 
U.S. IMPORTS FOR CONSUMPTION OF NICKEL PRODUCTS, BY COUNTRY! 


(Metric tons of contained nickel)” 


2012 
Cathodes, 
pellets, and Powder Wrought 
briquets and Metallurgical- Waste Stainless Total nickel 
. . Country _ (unwrought — flakes —— Ferronickel втайеохійе — andscrap — steel scrap Chemicals _ Total _ in2011 — 12012 
Australia 17,200 543 -- 753 149 — -- 18,600 19,600 -- 
Belgium -- 105 -- 25 7 l 136 274 360 -- 
Brazil 3,450 -- 1,330 -- 117 3 1 4,900 4,390 352 
Сапада 50,500 2,960 29 17 2,090 7,540 148 63,300 60,300 " 1 
Colombia -- -- 4,570 -- 1 6 -- 4,580 3,010 -- 
Dominican Republic 23 -- 1,890 -- - 17 -- 1,930 3,580 E 
Finland 9,410 50 -- -- -- -- 245 9,700 9,170 ' -- 
Етапсе 843 6 766 -- 1,210 -- 383 3,210 2,420 237 
Germany -- 151 -- (5) 543 7 357 1,060 1,120 437 
Indonesia -- -- -- -- 16 1 -- 17 116 -- 
Israel -- 12 -- -- 167 10 -- 189 204 (5) 
Кају -- | -- -- 144 -- -- 145 104 15 
Јарап 455 80 -- 36 633 40 199 1,440 1,180 158 
Мехісо -- -- -- -- 1,090 3,560 23 4,670 5,960 24 
Netherlands? 11 (5) 75 Е 21 Е 419 526 527 2 
New Caledonia -- -- 2,950 -- -- -- -~ 2,950 3,570 — 
Norway 11,200 =- 52 -- -- -- - 11,200 12,100 -- 
Russia 16,500 382 1,290 -- 32 -- -- 18,200 22,500 ' -- 
South Africa 259 280 7 (5) 7 -- -- 553 1,050 -- 
Spain -- 1 -- -- 69 -- 3 73 50 (5) 
Taiwan -- = -- -- 234 56 11 301 234 (5) 
United Kingdom 434 572 -- 32 2,670 274 171 4,150 3,380 57 
Zimbabwe 412 -. -- -- -- -- -~ 412 324 - 
Other (0 а в а 5 1450  — по 446 — 2580 410 158 


'Revised. -- Zero. 

!Data are rounded to no more than three significant digits; may not add to totals shown. 

>The nickel contents are assumed to be as follows: metallurgical-grade oxide from Australia, 90%; elsewhere, 77%. The chemicals category contains 

the following: chemical-grade oxide, sesquioxide, and hydroxide, 65%; chlorides, 2596; sulfates, 22%. Other salts and various catalysts are assumed to be 
22% nickel. Waste and scrap is assumed to be 50% nickel; stainless steel scrap, 7.5% nickel. 

Primarily oxide, rondelles, and sinter. 

“Excluded from “2012, total.” 

"Less than % unit. 

The different nickel products (cathode, powder, etc.) are apparently materials that have transited through bonded warehouses in the Netherlands, including 


warehouses overseen by the London Metal Exchange. 


Source: U.S. Census Bureau. 
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TABLE 10 
NICKEL: WORLD MINE PRODUCTION, BY COUNTRY"? 


(Metric tons of contained nickel) | 


аа о AL на т LL TIT "ул" 


DO Wald, Urt Ч 


ога, OM 


Country and products” 2008 2009 2010 2011 2012 | 
Albania, laterite оге“ 4,000 f 1,000 i 3,000 5 5,000 т 3,000 
Australia, ores and concentrate’ 188,000 " 165,000 170,000 " 212,000 ' 246,000 | 
Botswana, ore milled 28,940 28,595 23,053 ' 15,675 € 17,948 | 
Brazil, ore 67,116 41,059 108,983 131,673 ' 139,230 
Burma, ore* 10 10 -- ' 800 n3 5,000 2 
Canada, concentrate 259,651 135,037 ' 160,063 ' 219,025 ' 204,161 
China? 79,500 84,800 80,000 * 90,000 "> 93,300 ? | 
Colombia, laterite ore 64,200 72,000 * 70,200 7“ 70,000 ' 84,000 
Cuba: 
Recoverable laterite:” 
Limonitic 34,600 ' 32,100 ' 32,500 * 38,100 ' 35,700 
Serpentinic 35,800 ' 37,900 ' 37,200 ' 34,400 ' 32,500 
Total 70,400 ' 70,000 ' 69,700 ' 72,500 ' 68,200 
Oxide, oxide sinter, oxide powder, sulfide, ammoniacal -- т -7 at d -- 
liquor? 
Dominican Republic, laterite ore 31,300 500 ' -- 21,693 25,590 
Finland, concentrate’ 43,343 ' 10,304 ' 29,448 ' 63,209 ' 46,755 | 
Greece, laterite ore 18,646 10,203 16,345 21,710 22,000 | 
Guatemala, laterite ore — us ds = 3,240 è 
Indonesia, laterite ore? 219,300 202,800 235,800 297,000 228,000 
Kazakhstan, laterite ore” 500 500 500 500 450 
Kosovo, laterite ore!” 8,500 ' 10,500 9,100 " 7,700 ' 4,400 
Macedonia, ferronickel produced! | 15,026 12,000 14,413 17,292 19,427 
Madagascar, laterite ore m mm 2,000 ' 5,900 ' 10,000 
Morocco, nickel sulfate? 507 ' 733 ' 317° 217° 225 | 
New Caledonia, ore 102,700 "€ 92,500 ' 129,800 ' 130,700 : 131,700 * | 
Norway, concentrate 377 369 ' 351° 339 351 | 
Papua New Guinea, ore = ue E sad 11,700 12 | 
Philippines: 
Or 71,281" 104,060" 165,180" 296,569" 293,731 | 
Concentrate" 8,019 ' 14,940 ' 24,820 ' 22,794 ' 23,890 
Total 79,300 * 119,000 ' 190,000 * 319,363 ' 317,621 
Russia, marketable mine production: 
Laterite ore!" 47,551 ' 32,294 ' 41,179" 41,777 ' 28,210 
Sulfide concentrate" 229,765" 229,493" 228,093" 225,616" 217,085 
Total 277,316" 261,787"  269272' 267,393" 245,295 
South Africa, concentrate 31,675 34,605 39,960 ' 43,321 € 45,945 | 
Spain, concentrate 8,136 8,035 ' 6,300 ' E 6,300 ? 
Turkey, laterite ore" 1,000 " 800 ' 1.400 ' 3,000 ' 2,400 
Ukraine, laterite ore* 8,000 ' и - т 2 
Venezuela, laterite ore 10,900 ' 10,400 * 11,400 ' 19,500 ' 6,060 
Zambia, concentrate” —— o 750 ' 280 * 2,482 ' 2,724 ' -— 
Zimbabwe, concentrate —  — — — —  — — — 6,354 4,858 6,200 ^* 7,992 ' 7,899 
Grand total 1,630,000 * — 1,380,000" — 1,650,000 * 2,050,000: 2,000,000 
. Ofwhih —— 24. ?d. o 
Concentrate" LLL 888000' 438,000" 4980007 585,000" 552,000 


Ore and ore mulled 458,000" 431,000" 597,000" 787,000" 845,000 


Laterite ore 484,000 ' 411,000 ' 460,000 ' 566,000 ' 486,000 
Ferronickel produced 15,000 12,000 14,400 17,300 19,400 
Nickel sulfate* 507 ' 733 ' 317 ' 217' 225 


*Estimated. "Preliminary. ‘Revised. -- Zero. 


1 
Grand totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


2 у E 
о па ae — Ж е recoverable mine production of nickel. Where actual mine output is not available, data related to 
Í ghly p orm have been used to provide an indication of the magnitude of mine output and this is noted. Includes data 
available through March 2, 2015. 
3 
North Korea may have an active nic i inf E А 
КААП ВАН kel mine, but information is inadequate to make reliable estimates of output. 
gricultural and Resource Economics (ABARE) data for mines in Western Australia and Tasmania. 
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TABLE 10—Continued 
NICKEL: WORLD MINE PRODUCTION, BY COUNTRY"? 


*Burma’s new Tagaung Taung Mine is a joint project of the Government of Burma, China's Taiyuan Iron and Steel (Group) Co., Ltd., 
and the China Nonferrous Metal Mining Group Co., Ltd. (CNMC). The joint venture officially began recovering laterite ore on 

March 27, 2011. 

‘Included in table 11 (nickel intermediate materials), but revised to zero in this table. 

"The gross weight of concentrates processed in Finland from domestic ores was, in metric tons, as follows: 2008—43,038 (under 
investigation); 2009—1 1,413 (revised); 2010—43,151 (revised); 2011— 87,974 (revised); and 2012— 99,089. 

Ш 2012, Cunico Resources Group N.V. acquired Guaxilan, S.A. and began mining high-grade saprolitic ores for export to Eastern 
Europe. Solway Investment Group Ltd. was also active in Guatemala and began upgrading the long-dormant Fenix Mine and ferronickel 
plant west of El Estor. 

"Includes а small amount of cobalt that was not recovered separately. 

"On February 17, 2008, the Kosovo Assembly declared independence from Serbia. 

ИСитсо Resources Group extracts nickel ore from its open pit Rzanovo Mine and transports the ore by conveyor to its FeNi Industries 
pyrometallurgical facility in Kavadarci. At the Kavadarci plant, the Rzanovo ore is blended with higher grade imported ores from Albania, 
Indonesia, New Caledonia, and Turkey to optimize production. 

2At yearend 2011, the Ramu nickel and cobalt project was undergoing commissioning. Beneficiated ore from the Kurumbukari Mine 
was to be piped to the treatment plant at Basamuk for leaching in autoclaves. 

Nickel content of concentrate produced at Rio Tuba in 2008-12 by Coral Bay Nickel Corp. 

'4Nickel content of ore mined in the Ural Mountains region. 

I5Nickel content of concentrate produced on the Kola and Taimyr Peninsulas. 

léin December 2010, Rio Narcea Recursos, S.A. suspended production at its Aguablanca open pit mine after heavy rainfall caused a 
major slope failure on the main access ramp. Mining resumed in August 2011, but milling operations did not restart until the third 
quarter of 2012. 

!7 Albidon Limited concentrates were shipped to Jinchuan, China. First production was in June 2008. The concentrate produced in 2010 
averaged 8.3996 nickel. The Munali Mine was on care and maintenance from March to December 2009 until ramp-up problems were 
resolved and world nickel prices recovered. 

'8Includes “Russia, sulfide concentrate.” 
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TABLE 11 
NICKEL: WORLD PRODUCTION OF INTERMEDIATE PRODUCTS FOR ЕХРОКТ, BY COUNTRY" ?? 


(Metric tons of contained nickel) 


anea a E ызык ле ват a a E Е 


Matte: 


ед 


Australias O O O O 
Botswana 


_ Botswana Ш 
Brazil’ 
Canada? 
China’ 
Finland 


СОРА а i (| њем cl 
Indonesia? 
New Caledonia 


Edd dosi t ND ЕН lo 


Philippines 


Е ии 


Russia 


Zimbabwe'? 
Total 


NEED uu c M ED MM DL M M. ee 


Other: 


ufui sc NNNM ER eee SS 


Cuba: 


1 ini i li = = OC Uc M LLL А EE 


Sulfide precipitate 


Ammoniacal liquor precipitate and unspecified" 
Total" 
New Caledonia, nickel hydroxide cake 
Papua New Guinea, mixed hydroxide product 
Grand total, other 


2008 2009 2010 2011 2012 
31,085 27,531 ° 59,186 ' 51,081 ' 66,295 
28,940 27,905 ' 25,127 ' 28,800 ^* 24,000 € 

8,328 8,518 14,308 13,703 € 14,345 P 
76,908 68,972 70,127 73,724 80,765 P 
1,530 ' = 1 - - 

4 735 10,381 16,088 12,915 
72,385 ' 67,329 € 75,989 € 66,900 € 70,717 
13,564 13,902 13,917 13,780 13,417 
10,562 17,800 20,500 22,794 23,890 
1,500 € 100 € 85" 65° I 
1,572 € 1,608 ' 3,105 € 3,519 € 3,787 

246,000 ' 234,000 ' 293,000 ' 290,000 ^* — 310,000 < 

32,099 ' 33,856 ' 34,197 € 34,816 ' 34,325 

2,500 ' 2,400 ' 2,400 ' 2,400 ' 2,300 
34,600 ' 36,300 ' 36,600 ' 37,200 ' 36,600 
s = 222 7,374 ^" 3,378 

- E = = 5,283 
34,600 ' 36,300 ' 36,800 ' 44,600 ' 45,300 


_ Grand total, other — > — — — à 0 0 1 1 МУ ____ мом ____ мн |- 


*Estimated. PPreliminary. ‘Revised. -- Zero. 


! Includes data available through March 2, 2015. Data represent nickel content of matte and other intermediate materials produced. 
2World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
Source: International Nickel Study Group (INSG) World Nickel Statistics. 


*Figures exclude toll-refined material. Total matte production on a contained nickel basis, in metric tons, was as follows: 2008— 31,000; 


2009— 28,000 (revised); 2010—54,000 (revised); 2011—57,000 (revised); and 2012—66,000. 


5 
Represents the output of the Fortaleza smelter. All of the Fortaleza matte is shipped to Finland for further processing. 
"Nickel content of reported exports. Matte from the smelter at Falconbridge typically assays 55% nickel. 
China's exports were estimated to have a nickel content of 63%. Total matte production on a contained nickel basis, in metric tons, 


was estimated as follows: 2008— 114,000; 2009— 143,000 (revised); 2010— 139,000 (revised); 2011—166,000 (revised); and 


2012—170,000. 


8 ; 
Represents the nickel output of the Soroako smelter. The Soroako matte is shipped to Japan for further processing and contains on 


average 78% nickel. 


on: В d А : 
Primarily exports to China. Sources: International Nickel Study Group (INSG); United Nations Statistics Division. The average nickel 


content of the exported matte is estimated to be 25%. 


107 implats material shipped to the Impala Refinery at Springs, South Africa. 


li Corrected to remove coproduct cobalt. 


1? Derived from both limonitic laterite and saprolitic laterite ores. 
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TABLE 12 
NICKEL: WORLD PLANT PRODUCTION, BY COUNTRY AND PRODUCT? 


(Metric tons of contained nickel) 


Country and product? 2008 2009 2010 2011 2012 
Australia: 
Metal 89,474 ' 123,204 " 92,200 97,655 € 115,796 Р 
Unspecified" 19,441 ' 8,006 ' 9,400 ' 12,558 € 12,963 Р 
Total 108,915 ' 131,210 € 101,600 т 110,213 € 128,759 P 
Austria, ferronickel and ferronickel molybdenum* 500 € 700 600 700 ' 800 
Brazil? 
Ferronickel 7,136 9,427 8,465 16,750 * 31,342 P 
Metal 18,530 16,598 19,111 20,521 * 21,437 Р 
Total 25,666 26,025 27,576 37,271 * 52,779 P 
Burma, ferronickel -- -- -- -- (6) 
Canada, unspecified’ 167,732 116,909 105,413 142,445 139,800 Р 
China:** 
Ferronickel and high-nickel pig iron 70,900 98,000 € 158,000 " 254,000 ' 308,000 Р 
Metal 129,000 165,000 159,000 175,000 ' 229,000 
Chemicals and unspecified 8,000 ? 8,000 8,500 8,900 € 9,000 Р 
Total 207,900 ? 271,000 ' 326,000 " 438,000 " 546,000 
Colombia, ferronickel 41,636 51,802 49,443 37,817 47,408 
Cuba, oxide sinter and oxides? 30,200 ' 27,900 ' 27,100 ' 29,200 " 28,700 * 
Dominican Republic, ferronickel 18,782 -- -- 13,498 15,186 
Finland:'! 
Metal, electrolytic, including cathode and briquettes 42,971 € 41,848 ' 41,317 ' 43,840 ' 39,374 
Chemicals and unspecified, including powder, salts, 6,904 ' 4,900 " 7,866 ' 7,275 € 6,500 
solutions, and other 
Total 49,875 ' 46,748 ' 49,183 ' 51,115 ' 45,874 
Егапсе: 
Мега! 11,397 т 11,996 * 10,799 7 11,697 ' 11,273 
Chemicals 1,839 € 1,959 ° 2,080 2,039 " 1,927 
Total"? 13,236 ' 13,955 * 12,879 ' 13,736 " 13,200 
Greece, ferronickel 16,650 8,269 13,956 ' 18,527 € 18,632 
India: 
Ferronickel!^ --" -' zd EET = 
Ferronickel magnesium 93 88 96 ' 107 >° 114° 
Nickel sulfate? -- " sat sae a = 
Total 93 88 96° 107 "° 114 ° 
Indonesia, ferronickel 17,566 12,550 18,688 19,690 18,373 
Japan: 
Ferronickel 59,259 54,491 64,350 "€ 62,773 € 73,248 
Мега! 34,861 29,351 40,228 41,290 41,947 
Oxide sinter 61,753 58,808 59,011 50,437 52,000 * 
Chemicals 2,333 1,669 2,497 2,383 2,362 
Total 158,206 144,319 166,086 ' 156,883 ' 169,557 
Korea, Republic of: 
Ferronickel 2,506 21,609 20,965 19,300 ^* 19,800 Р° 
Metal (16) (16) (16) (16) (16) 
Total 2,506 21,609 20,965 19,300 ^* 19,800 © 
Kosovo, ferronickel!' 3,655 ' 10,538 ' 9,081 ' 7,728 ' 4,436 
Macedonia, ferronickel 15,026 12,000 14,413 17,292 19,247 
Madagascar, metal = ES те T 5,695 
Morocco, chemicals, including nickel sulfate (18) " (18) " (18) ' (18) " (18) 
New Caledonia: 
Ferronickel 37,467 38,230 39,802 40,015 43,030 P 
Nickel oxide sinter _ HE z = = 2,353 " 
Total 37,467 38,230 39,802 40,015 45,383 P 
Norway, metal 88,741 88,577 92,185 92,427 91,687 


See footnotes at end of table. 
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TABLE 12—Continued 


NICKEL: WORLD PLANT PRODUCTION, BY COUNTRY AND PRODUCT"? 


(Metric tons of contained nickel) 


ла a eee ee a RU O T -— n шың 


Country and product? 2008 2009 2010 2011 2012 
Russia: 
Ferronickel 
High-nickel 16,158 15,565 16,799 16,899 9,782 
Other* ? 4,910 5,130 5,140" 5,090 ' 2,940 
Total, ferronickel 21,068 20,695 21,939 ' 21,989 ' 12,722 
Metal 242,209 239,269 245,543 242,228 ' 239,632 ? 
Chemicals 2,900 2,700 2,700 2,700 2,600 
Total, Russia 266,177 262,664 270,182 ' 266,917 ' 254,954 
South Africa: 
Ferronickel, high-nickel 4,300 630 " 614° 575° 658 
Metal 29,400 ' 34,200 ' 34,700 ' 35,900 ' 30,100 Р 
Chemicals?’ 4,450 4,850 1,345 ' 1,930 ' 1,515 
Тога! 38,150 € 39,680 ' 36,659 ' 38,405 ' 32,273 
Taiwan, metal (16) (16) (16) (16) (16) 
Ukraine, ferronickel"' 16,224 12,392 15,467 ' 13,655 ' 20,782 
United Kingdom, metal 40,800 17,800 31,650 37,400 34,300 ? 
Venezuela, ferronickel® 10,900 10,400 11,700 13,400 8,100 
Zimbabwe, metal: 
Refined from domestic nickel ore 3,400 S: T 22 55 
Toll refined Кот imported nickel feed? 10,300 5,000 ' 4,039 ^? 3,715 >° 2,400 
Total 13,700 5.000 ' 4,039 ^? 3,715 "> 2,400 
Grand total 1,390,000 ' 1,370,000 ' 1,440,000 1,620,000 ' 1,760,000 
Of which: 
Ferronickel, including ferronickel magnesium, ferronickel 344,000 ' 362,000 ' 448,000 ' 558,000 ' 642,000 
molybdenum, and high-nickel pig iron 
Metal 741,000 ' 773,000 * 771,000 € 802,000 " 863,000 
Oxide sinter 92,000 ' 86,700 ' 86,100 ' 79,600 " 83,100 
Chemicals, including nickel sulfate 11,500 ' 11,200 ! 8,620 ' 9,050 ' 8,404 


*Estimated. PPreliminary. "Revised. -- Zero. 


! Grand totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


“Includes data available through March 3, 2015. 


3 За А ; К : 
In addition to the countries listed, North Korea is believed to have produced metallic nickel and (or) ferronickel, but information is inadequate 
to make reliable estimates of output levels. Several countries produce nickel-containing matte, but output of nickel in such materials has been 


excluded from this table to avoid double counting. 


4 i А 
Class II products with a nickel content of less than 99%. Includes oxides and oxide sinter. Excludes intermediate nickel-cobalt sulfide matte, 


regulus, and speiss for further refining. 


5 у FUR А 
Source: DNPM/DIPLAM-RAL, MDIC/ SECEX (DNPM Sumário Mineral 2009—2013). Production year 2009 is under investigation. Brazil 

produced nickel carbonate (an intermediate product for metal production), in metric tons: 2008— 18,580; 2009— 16,766; 2010—30,161 

(revised preliminary number); (revised preliminary number); 2011—19,381 (revised); and 2012— 19,400 (estimated). Companhia Brasileira 


de Metalurgia e Mineração (CBMM) produced nickel niobium for sale to the superalloys industry. 


6 Й • . . 
The Tagaung Taung nickel mine concentrating and smelting ferronickel complex is funded by China Nonferrous Metal Mining Company 


Group Co., Ltd. (CNMC). China ENFI Engineering Corp. (ЕМЕТ) designed the complex for an annual output of 25,000 metric tons of 


nickelferrite and nickel metal. The nickelferrite pelletization system was started on March 5, 2013, and proved to be stable and successfully 


put into operation. 


y, 2 а ES 
Nickel contained in products of smelters and refineries in forms that are ready for use by consumers. Figures include the nickel content of nickel 


one sinter exported to the Republic of Korea and Taiwan. More information can be found in footnote 16. 
Preliminary figures for ferronickel and chemicals were derived from data published by Beijing Antaike Information Development Co. Ltd. 
Figures for electrolytic and other class I nickel are based on data provided by the China Nonferrous Metals Industry Association and the 
International Nickel Study Group. In 2007-11, China also produced nickeliferous pig iron from lateritic ores imported from Indonesia, 


New Caledonia, and the Philippines. 
Reported figure. 


10 ; : NE 
Cuba also produces nickel sulfide and ammoniacal liquor precipitate, but because they are used as feed material elsewhere, they are not included 


to avoid double counting. 


''Most of the production is extracted from imported raw materials. 


12 | 
Reported by ЕКАМЕТ for Sandouville. Excludes secondary production from spent rechargeable batteries. 


P India's fiscal year ending March 31 of that year stated. 
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TABLE 12—Continued 
NICKEL: WORLD PLANT PRODUCTION, BY COUNTRY AND PRODUCT"? 


^ vidarbha Nickel Pvt. Ltd. of Nagpur, Maharashtra State, has been producing ferronickel from spent nickel catalysts, but no production data 
were available. The ferronickel typically contains 47% to 50% nickel. 

ја India, nickel sulfate was produced as a byproduct at the Ghatsila copper smelter in Jharkhand State. The facility, part of Hindustan Copper Ltd., 
is capable of producing 390 tons (gross weight) per year of nickel sulfate, but no production figures have been reported since 2005. The copper 
anode slime typically contains 0.4% to 0.8% nickel in addition to 4% to 10% silver. 

IéNickel metal production for the Republic of Korea and Taiwan are not included because the production is derived wholly from imported 
metallurgical-grade oxides and to include them would result in double counting. Metal estimates are as follows, in metric tons: Republic of 
Korea: 2008—27,266 (revised); 2009—16,404 (revised); 2010—12,200 (revised); 2011—1 1,706 (revised); and 2012—1 1,000 (estimated). 
Taiwan: 2008— 15,162 (revised); 2009—11,148 (revised); 2010— 12,200 (revised); 2011—11,706 (revised); and 2012—1 1,700 (estimated). 
"Оп February 17, 2008, the Kosovo Assembly declared independence from Serbia. 

іске! content of nickel sulfate is listed in table 10. Most of the nickel sulfate was a byproduct of the concentrating, smelting, and refining 
of domestically mined copper ores. Some production, however, may have been derived from imported nickeliferous raw materials that were 
blended with the domestic copper concentrates. 

Includes ferronickel chromium and Ni-resist cast iron. 

20 Includes nickel sulfate plus exported metal in concentrate. 

2 Мау include nickel in remelt alloys derived from scrap. 

2Топпареѕ include nickel contents of chemicals. 

? Data represent production from matte imported from Botswana and nickel sulfate imported from South Africa. 
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ТАВГЕ 13 
NICKEL: NEW LATERITE PROJECTS SCHEDULED FOR COMPLETION, BY YEAREND 2017 


NENENIIC—————P———————A— a a ш — MÉ— o 
Estimated Annual 
Projected Resource X resources production capacity 
year of first Country grade (thousand (metric tons of 
2012 Burma Tagaung Taung? 2.02 40,000 22,000 Ferronickel. 
(Thabeikkyin, China Nonferrous Metal Mining (Group) Co., | 
Мапдајау) Ltd. (CNMC), Government of Burma, and 
Taiyuan Iron and Steel (Group) Co., Ltd. 
ОИС с: CO) EDD AE LU E 
2012 Indonesia Cilegon nickel pig iron complex XX XX 8,000 Nickel pig iron briquettes 
(Port of Ciwandan, Nickel ore sintering plant (2.25%—4.05% 
Cilegon city, Banten Single blast furnace with а nickel pig iron nickel). 
province, Java island) casting capacity of 250,000 metric tons/year 
PT Indoferro (subsidiary of Growth Steel Group) 
2012 Madagascar Ambatovy (Ambatovy and Analamay deposits) 1.04 78,000 ^ 60,000 Nickel metal powder 
(Moramanga) Sherritt International Corp. (40%), Korea 0.87 91,000 and briquettes. 
Resources Corp. (27.596), Sumitomo Corp. 0.85 19,000 
(27.594), and SNC-Lavalin Inc. (5%) 1.01 42,000 
2012 Papua New Guinea Ramu 0.93 42,000 31,000 Nickel-cobalt hydroxide. 
(Madang) Metallurgical Corporation of China, Ltd. 1.07 30,000 
consortium (85%), Highlands Pacific Ltd. 1.04 71,000 
(8.5696), and Mineral Resources Development 
Co. (6.4496) 
2012 Philippines Adlay-Cagdianao-Tandawa (mine expansion) 1.61 5,800 20,000 Direct shipping ore. 
(Surigao del Norte Surigao Integrated Resources Corp. (assignment 1.58 13,000 
and Surigao del Sur) from CTP Construction and Mining Corp.) 
and Shenzhou Mining Group Corp. 
2012 Philippines Acoje and Zambales— Stage 1 0.93 22,000 $ 24,000 Do. 
(Zambales) David M. Consunji, Inc. (DMCI) Holdings, Inc., 0.96 16,000 9 
ENK PLC (formerly European Nickel PLC),’ 1.08 4,800 5 
and Montemina Resource Corp. (МЕС) 1.18 24,000 8 
1:22 18,000 '° 
2013 New Caledonia Koniambo (saprolite ores)/ North Plant 2.54 21,000 60,000  Ferronickel. 
(Northern) Société Miniére du Sud Pacifique S.A. (5196) 2.45 54,000 
and Xstrata Nickel (49%) 2.50 83,000 
2013 Philippines Taganito mine and hydrometallurgical processing 1.06 100,000 |! 30,000 Nickel-cobalt sulfide. 
(Surigao del Norte plant 0.68 102 !! 
and Surigao del Sur) Mine ownership—Nickel Asia Corp. (65%), 
Pacific Metals Co., Ltd. (33.5%), and Sdjitsu 
Kabushiki-gaisha (SOJITZ) Corporation (1.5%) 
Hydrometallurgical processing plant ownership— 
Sumitomo Metal Mining Co., Ltd. (62.594), 
Nickel Asia Corp. (22.5%), and Mitsui & Co., 
Ltd. (15%) 
2015 Сира Las Camariocas-Yamaguey 1.32 110,000 21,000 Ferronickel. 
(Holguin) Quality Cuba S.A. (Ferroniquel S.A.and the 
Government of Venezuela) 
2015 Indonesia East Halmahera (PT Feni Haltim) 2.17 9.100 !? 27,000 Do. 
(Tanjung Buli, East РТ Antam (Persero) Tbk 22] 550 ? 
Halmahera, North 
омак pp» 2999102 
2016 Philippines Agata (includes Bolobolo-Karihatag and Agata 0.80 680 ° 7,500 Phase I, direct shipping 
(Agusan del Norte) South) 0.95 13,000 6 ore. 
Mindoro Resources Ltd. 1.00 250 6 
1.11 1,700 3 14,000 Phase 2, nickel-cobalt 
1.16 540 ? hydroxide. 
2016 Australia | NiWest (Eucalytus, Hepi, Mt. Kilkenny, and 1.04 34,000 25,000 Metal. 
(Western Australia) Wanbanna) 0.99 22.000 
Heap leaching and solvent extraction plant 0.96 19.000 


—————————À ИШИН - eh С 


See footnotes at end of table. 


U.S. GEOLOGICAL SURVEY MINERALS YEARBOO 


м 


Google 


TABLE 13—Continued 
NICKEL: NEW LATERITE PROJECTS SCHEDULED FOR COMPLETION, BY YEAREND 2017 
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Estimated Annual 
Projected Resource resources production capacity 
year of first Country grade (thousand (metric tons of 
production (state/province) Project and company! (% nickel) metric tons)” contained nickel) Nickel product 
2016 Indonesia Mandiodo 2.12 3,200 '3 20,000 Ferronickel. 
(Southeast Sulawesi, PT Antam (Persero) Tbk 2.09 1,800 13 
North Konawe 1.49 18,300 ^ 
regency) 1.46 12,800 ^ 
2016 Do. North Konawe 1.50 100,000 20,000 Do. 
Jilin Horoc NonFerrous Metal Group Co., Ltd. 
PT Billy Indonesia, and Government of 
Southeast Sulawesi 
2016 Do. North Konawe nickel pig iron complex XX XX 48,000 Nickel pig iron briquettes 
Ibris Nickel Pte. Ltd. of Singapore and Yong-Xing (~8.0% nickel). 
Alloy Material Technology Taizhou Co. Ltd. 
(Zhaoyang Industrial Park, Jiangsu, China) 
Rotary kiln electric furnace smelter with a 
production capacity of 600,000 metric tons/year 
2016 | Philippines Mindoro l/Sablayan (Buraboy, Kisluyan, and 0.85 17,000 53,000 Metal. 
(Mindoro Oriental) Shabo areas) 0.86 210,000 
Aglubang Mining Corp. (local partner) and 0.87 120,000 
LLL Ш Вещие АА 
2016 Philippines Acoje and Zambales—Stage 2 0.98 7,100 '5 24,000 Nickel-cobalt hydroxide. 
(Zambales) David M. Consunji, Inc. (ОМС!) Holdings, Inc., 0.98 2,600 '> 


ENK PLC (formerly European Nickel PLC),’ 
and Montemina Resource Corp. (МЕС) 
2016 Turkey Caldag 1.13 33,000 21,000 Do. 
(Manisa) Caldag Nikel Madencilik San. ve Tic. А.5., а 
subsidiary of OreMine Madencilik (OreMine 
Resources) San. ve Tic. A.S. 


Resources) Зав. ме Пе. Ај. ese 
2017 Australia Lucky Break (Circular Laterite and Dingo Dam) 0.82 590,000 730 Nickel carbonate. 
(Queensland) Metallica Minerals Ltd. (5096) and Metals 0.82 48,000 Cathode, later. 
Finance Ltd. (50%) 0.75 490,000 
2017 Do. Marlborough (Coorumburra, Slopeaway, and 0.99 12,000 63,000 Metal. 
Whereat)'É— Stage 1 0.91 43,000 
Gladstone Pacific Nickel Ltd. 0.70 70,000 
2017 Do. SCONI (formerly NORNICO-Greenvale) [Bell 0.80 17,000 10,000 Do. 
Creek, Greenvale, Kokomo, Lucknow, and 0.58 48,000 
Minnamoolka deposits] 0.41 24,000 
Metallica Minerals Ltd. 
2017 Australia Barnes Hill, Mount Vulcan, and Scott's Hill 1.01 2,500 4,800 Cathode. 
(Tasmania) Proto Resources & Investments Ltd.!" and 0.93 300 
Metals Finance Ltd. | КЕ | 
2017 Australia Е Mt. Thirsty (north-northwest of Norseman) 0.60 17,000 9,000 Nickel-cobalt hydroxide 
(Western Australia) Barra Resources Ltd. (5096) and Conico Ltd. 0.51 15,000 intermediate. 
(formerly Fission Energy Ltd.) [50%] 
2017 Australia Wingellina (high pressure acid leach project) 1.00 69,000 40,000 Nickel-cobalt hydroxide. 
(junction of the Metals X Ltd. and Samsung C&T Corp. 0.97 99,000 
Western Australian, 0.97 16,000 
South Australian, 
and Northern 
Territory borders) 
2017 Cameroon Mada and Nkamouna 0.68 60,000 18 3,200 Cobalt-nickel sulfide. 
(East Province) Geovic Cameroon PLC. (60%) and National 0.67 21,000 ! 
Investment Corp. (40%) 0.19 20,000 !5 
0.59 40,000 !? 
0.58 180,000 '? 
2017 Indonesia North Konawe 1.50 100,000 20,000 Ferronickel. 
(Southeast Sulawesi, Jilin Horoc Non-Ferrous Metal Group Co., Ltd., 
North Konawe PT Billy Indonesia, and Government of 


See footnotes at end of table. 
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TABLE 13—Continued 
NICKEL: NEW LATERITE PROJECTS SCHEDULED FOR COMPLETION, BY YEAREND 2017 


O И И ее en на си 
Estimated Annual 
Projected Resource X resources production capacity 
year of first Country grade (thousand (metric tons of 
production (state/province) Project and com any! (% nickel) metric tons)’ contained nickel) Nickel product 
2017 New Caledonia Nakety-Bogota ^ 1.47 88,000 ?! 52,000 Ore. 
(Nakety-Bogota) Société Gestion—Exploitation des Mines de 1.50 140,000 2° 
Nickel (GEMINI S.A.), Société Miniére 
Georges Montagnat S.A., and Société des 
Mines de la Tontouta (Ballande Group) 
2017 Philippines Romblon (Sibuyan Island —Bato, Binaya-an, 1.56 7,300 9,000 Direct shipping ore. 
(Romblon) and Taclobo 
Pelican Resources Ltd. 
2019 Indonesia Central Saluwesi (La Sampala) 1.62 160,000 46,000 Nickel-cobalt hydroxide. 
(Sulawesi) Rio Tinto Group 
2019 Tanzania Dutwa (Ngasamo Hill and Wamangola) 0.92 110,000 ? 9.000 Nickel-cobalt hydroxide 
(Northern/Lake African Eagle Resources ple 0.93 100,000 24 or sulfide. 


Do. Ditto. XX Not applicable. 

‘Company names reflect organizational structure as of March 3, 2015. 

Gross weight, dry. Rounded to no more than two significant digits and represent measured, indicated, and (or) inferred resources depending on the 
depending on the project. When two or more datasets are listed, the first resource data represent measured resources; the second, indicated resources; and 
the third, inferred resources, unless otherwise specified. 


>The new Tagaung Taung Mine is а joint project of the China Nonferrous Metal Mining (Group) Co., Ltd. (CNMC), Taiyuan Iron and Steel, and the 
Government of Burma. The joint venture began recovering laterite ore on March 27, 2011. 


*Represent mineral resources of only the Ambatovy deposits. Significant additional resources are associated with the Analamay deposits, northeast of the 
Ambatovy mine area. 


*Metallurgical Group Corp. of China Ltd. Is owned by Metallurgical Corporation of China Ltd. (61%), Jinchuan Group Ltd. (13%), J ilin Jien Nickel Industry 
Co., Ltd. (13%), and Jiuquan Iron & Steel Group Co., Ltd. (13%). 

*Limonite. 

Tin June 2010, European Nickel PLC and Rusina Mining NL merged to form ENK PLC. 

5Saprolite. 

*Montemina Resource Corp. (MRC) has а 60% interest in the Zambales (laterite) part of the project. 
107 ambales—laterite. 

! Dry metric tons of limonite. Exclude saprolite resources. 

ÜProved and probable resources of nickel in saprolite, dry weight basis. 

PMeasured and indicated resources of nickel in saprolite, dry tonnage. 

Measured and indicated resources of nickel in limonite, dry tonnage. 

5 Acoje saprolitic rock only. 


16 : ; er ; 
The Marlborough ores would be supplemented with ores from the mines of Société des Mines de la Tontouta and Société Miniere Georges Montagnat їп 
New Caledonia. 


17 : ; ; 

Proto Resources & Investments Ltd. was also evaluating the Waite Kauri North laterite deposit near Leonora in Western Australia. 
I5Nkamouna deposit. 

Мада deposit—first datum is indicated resources; and second is inferred resources. 


з Ore would be shipped to Queensland for blending with ores from the Marlborough project and subsequent processing. 
Nakety only. 


2 Bogota only. 


23 риба (Ngasamo Hill and Wamangola)—combined indicated and inferred resources. 
4Dutwa (Ngasamo Hill and Wamangola)—total indicated resources. 
25Dutwa (Ngasamo Hill and Wamangola)— total inferred resources. 


Sources: Company annual reports, presentations, and press releases; CRU International, Ltd. 
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TABLE 14 
NICKEL: NEW SULFIDE PROJECTS SCHEDULED FOR COMPLETION, BY YEAREND 2017 


Annual 
production 
Estimated capacity 
Projected Resource resources (metric tons 
year of first Country grade (thousand — of contained 
production — (state/province) __________ Projectandcompany (nickel) metric tons)? те)  — Mickelproduct — 
2012 Canada Raglan-Kikialik 3.10 1,800 24,000 Concentrate. 
(Quebec) Xstrata Nickel (GlencoreXstrata since May 2013) 
2012 Finland Kevitsa 0.29 89,000 11,000 Do. 
(Lappi) First Quantum Minerals Ltd. 0.32 150,000 
0.29 35,000 
2012 Finland Outokumpu Copper (Kylylahti mine and 0.20 1,400 450 Cobalt-nickel 
(Pohiois) Luikonlahti mill) 0.20 5,400 concentrate. 
Altona Mining Ltd.’ 0.25 900 
2013 Canada Nunavik (South Raglan) [АПаттад, Expo, 0.93 560 6,800 Concentrate. 
(Quebec) Ivakkak, Mequillon, Mesamax, Рштајџа 0.93 21,000 
and TK deposits] 0.73 5,200 
Canadian Royalties Ltd. (controlled by Jilin 
Jien Nickel Industry Co., Іл.) 
2013 . China Tula'ergen 1.10 100,000 3,000 Do. 
(Xinjiang (Qincheng Township) 
Autonomous region/ Xinjiang Hami Hexin Mining Ltd. 
East Tianshan) 
2013 Vietnam Ban Phuc 2.78? 730 6,600 Do. 
(Son La) Asian Mineral Resources Ltd. and Son La 2.60 ? 960 
Mechanical Engineering JSC 1.94 > 170 
1.05 °% 200 
1.23 6 700 
1.14 $ 400 
2014 Сапада Fraser Morgan 1.94 4,400 6,000 Ore. 
(Ontario) Xstrata Nickel (GlencoreXstrata since 1.81 2,400 
May 2013) 1.70 1,800 
2014 Do. Totten (plus new Clarabelle mill addition) 1.33 8,400 8,200 Concentrate. 
Ме Canada |> > > SS S a aaa 
2014 China Heishan 0.60 23,000 5,000 Do. 
2014 United States Eagle 4.80 1,500 17,000 Do. 
(Michigan) Sold by Rio Tinto Group to Lundin Mining 3.10 3,300 
2015 Australia Cosmic Boy and Diggers’ 1.46 * 2,100 7,000 Ро. 
(Western Australia) Western Areas Ltd. 2.40 ? 380 
1.00 '° 10,000 _ n 
2015 Do. .. Mt. Windarra and Cerberus 1.24 910 7,000 Ро. 
Poseidon Nickel Ltd. 1.72 3,000 
1.5] !! 4,600 
2015 Canada  — Onaping Depth | 2.67 15,000 10,000 — Do. 
(Ontario) Xstrata Nickel (GlencoreXstrata since 3.60 1,200 
May 2013) | | 
2015 Canada Raglan-Qakimajurg 4.52 2,500 11,000 — Do. 
(Quebec) Xstrata Nickel (GlencoreXstrata since May 2013 ___6_ ___________________--------------- 
2015 United States NorthMet Е 0.08 213,000 7,100 Concentrate, initially. 
(Minnesota) PolyMet Mining Corp. and Glencore 0.07 590,000 Byproduct nickel-cobalt 
International AG 0.07 260,000 . . hydroxide, later. ____ 
2016 Canada "T Minago | 0.56 11,000 11,000 Concentrate. 
(Manitoba) Victory Nickel Inc. 0.51 43,000 
0.53 15,000 
2016 Canada - Eagle's Nest-McFaulds Lake 2.08 5,400 15,000 Ро. 
(Ontario) Noront Resources Ltd. and Baosteel 1.50 5,600 
Resources International Co., Ltd. 1.10 9,000 
0.31 1,600 12 


See footnotes at end of table. 
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TABLE 14—Continued 
NICKEL: NEW SULFIDE PROJECTS SCHEDULED FOR COMPLETION, BY YEAREND 2017 


ие ЕС ee ИН ОНИ ИРИНУ 


Annual | 
production 
Estimated capacity 
Projected Resource resources (metric tons 
year of first Country grade (thousand of contained 
production (state/province) Project and company (nickel) metric tons} nickel) Nickel product 
2016 Canada Dumont 0.29 360,000 49,000 Ferronickel. 
(Quebec) Royal Nickel Corp. 0.26 1,300,000 
a ea Se эе и = a a 07: 5 510,000 
2016 Russia Kun-Manie (Ikensoe, Maly Krumkon, and 0.61 3,700 16,000 Concentrate. 
(Amur) Vodorazdelny) 0.48 48,000 
Amur Minerals Corp. 0.54 17,000 
2017 Australia New Moming/Daybreak 3.70 ? 320 3.000 Ore. 
(Western Australia) Western Areas NL 3.50 ? 93 
0.90 $ 1,100 
0.90 $ 660 
2017 Do. Radio Hill (conventional heap leaching) 0.61 2,000 7,400 Nickel-copper 
Fox Resources Ltd. 0.42 2,000 concentrate. 
2017 Botswana Dikoloti 0.70 4,100 2,000 Nickel-cobalt sulfide. 
(Selebi-Phikwe The Japan Oil, Gas and Metals National 
region) Corp. (81%) and Discovery Metals Ltd. (19%) 
2017 Canada Turnagain 0.22 230,000 24,000 Concentrate. 
(British Columbia) Hard Creek Nickel Corp. 0.21 640,000 
0.20 980,000 | 
2017 Canada Makwa (formerly Maskwa) 0.61 7,200 3,600 Do. \ 
(Manitoba) Mustang Minerals Corp." 0.27 700 | 
2017 Canada Hart 1.40 1,500 9,000 Do. | 
(Ontario) Liberty Mines Inc. (Jilin Jien Nickel Industry 1.27 320 
Co., Ltd. (60%)] а | 
2017 Ро. Kenbridge (open pit) 0.43 3,300 3,900 Do. | 
Canadian Arrow Mines Ltd. 0.38 1,100 | 
2017 Canada Copper Cliff Mine (merger and expansion) 1.15 130,000 NA Ore. 
(Sudbury) (formerly Copper Cliff Deep project) 
ate Cana 2 сщш зш сызышы сыы ыыы а ач Бнын? | 
2017 Canada Wellgreen 0.31 450,000 14,000 Concentrate. | 
(Yukon Territory  Wellgreen Platinum Ltd. (formerly Prophecy 
Platinum Corp.) —— 
— 3907 Finland Kuhmo (Arola, Hietaharju, Peura-aho, = 0.55 14 6,000 3,000 Ро. 
(Oulu) Sika-aho, and Vaara) | 
Altona Mining Ltd." and Polar Mining Oy REESE TM 
— joi? Rusia Vuruchuavench (10 kilometers southwest of — 0.23 17,500 NA Metal. 
(Kola Peninsula) Monchegorsk) 
2017 Russia Maslovsky (Butter) 0.33 728,000 18, 


(Taimyr Peninsula) Russian Platinum Co. (in late 2012 and 2013 | 
ownership of the deposit was contested by 


MMC Norilsk Nickel-Polar Division) MEMOREM E 
017 Tanzania Kabanga 2.49 14,000 40,000 Concentrate. 
г • 
? (Карега region) Barrick Gold Corp. (5096) and Xstrata Nickel 2.72 23,000 Е 
(50%) 2.24 19,000 ; > 
О 1 ы 
2017 Tanzania Nachingwea Regional Exploration Project, 0.58 20,000 25,00 
(Lindi and Mtwara including Мака Hill Nickel Sulphide Project 0.66 36,000 
regions) [МХ Resources Ltd. and. ММС Exploation BEEN 
Holdings 149. ° — === 000 Byproduct nickel-cobalt 
2017 United States Nokomis/Maturi Extension 0.20 е ges : na hydroxi de. 
(Minnesota) Birch Lake, Maturi, Spruce Road 0.21 : с 
Twin Metals Minnesota LLC" [Duluth Metals 0.17 к pue 
Ltd. (6096) and Antofagasta PLC (40%)] 0.16 40,0 
0.25 7° 120,000 п 
021? 120000 ______------- 
table. 
See footnotes at end of ta m 
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TABLE 14—Continued 
NICKEL: NEW SULFIDE PROJECTS SCHEDULED FOR COMPLETION, BY YEAREND 2017 


Do. Ditto. NA Not available. 

'Company names reflect organizational structure as of March 25, 2015. BHP Billiton Group is a dual listed company comprising BHP Billiton Ltd. and 
BHP Billiton Plc. Vale Nickel is a wholly owned subsidiary of Vale S.A. 

"Gross weight, dry. Rounded to no more than two significant digits and represent measured, indicated, and (or) inferred resources depending on the 
project. When two or more datasets are listed, the first resource data represent measured resources; the second, indicated resources; and the 

third, inferred resources, unless otherwise specified. 

Altona Mining Ltd. was created when Universal Resources Ltd. merged with Vulcan Resources Ltd. in February 2010. 

^On March 22, 2012, Jilin Jien Nickel Industry Co., Ltd. purchased 95.62% of the outstanding shares of Goldbrook Ventures Inc. In May 2012, the 
company acquired the remaining shares (4.38%) of Goldbrook Ventures Inc. This acquisition gave Jilin Jien Nickel Industry Co., Ltd. 100% control 
of the Nunavik project. 

*Massive sulfides. 

SDisseminated sulfides. 

"Includes Diggers Rocks, Diggers South, Purple Haze, and Seagull resources. 

*Diggers areas— probable ore reserves. 

*Cosmic Boy area—indicated resources. 

Diggers areas—indicated resources. 

"Cerberus deposit. 

"Inferred resources of East zone. 

"Mustang Minerals Corp. was also evaluating the potential of resources at the nearby Mayville property. 

"^Kuhmo project area—total indicated and inferred resources. 

Measured and indicated resources. 

'°Continental Resources Ltd. and [МХ Resources are in the process of merging to simplify development of the Ntaka Hill Nickel Project. 
"Nokomis deposit—indicated and inferred resources. 

п March 2011, Twin Metals Minnesota LLC (ТММ) acquired Franconia Minerals Corp., doubling the project's mineral and land assets. 

PBirch Lake deposit—indicated and inferred resources. 

Maturi deposit resource. 

21 Spruce Road open pit resource. 


Sources: Australian Mines Atlas 2011; Canadian Minerals Yearbook 2012; company annual reports, presentations, and press releases; CRU International, 
Ltd., and the International Nickel Study Group. 
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NIOBIUM (COLUMBIUM) AND TANTALUM 
By John Е. Papp 


Domestic survey data and tables were prepared by Robin C. Kaiser, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


In 2012, U.S. niobium apparent consumption (measured in 
contained niobium) was 9,734 metric tons (t), 6% more than 
that of 2011; U.S. tantalum apparent consumption (measured 
in contained tantalum) was 437 t, 64% less than that of 2011. 
No domestic mine production of niobium or tantalum ore 
was reported. Compared to that of the previous year, world 
production of niobium ore increased 2%, while tantalum 
ore production increased 21%; U.S. imports of tantalum ore 
increased 37%, while exports increased 91%. The leading use of 
niobium was as an alloying element in high-strength low-alloy 
(HSLA) steel. The leading use of tantalum was in electronic 
capacitors. 

Because the United States has no niobium or tantalum 
reserves, domestic supply has been a concern during every 
national military emergency since World War I. World niobium 
and tantalum resources and mining capacity are geographically 
concentrated in Brazil (niobium and tantalum) and Canada 
(niobium) in the Western Hemisphere and Australia (tantalum), 
Congo (tantalum), and Mozambique (tantalum) in the Eastern 
Hemisphere. World niobium and tantalum reserves are adequate 
to meet anticipated world demand. Materials from recycling 
and stocks are the only domestic supply sources of niobium and 
tantalum. 

Traded tantalum materials included tantalum ore and 
concentrate, slags, potassium heptafluorotantalate (commercially 
known as, K-salt), chemicals, metal, scrap, and residue. 


Legislation and Government Programs 


The Defense Logistics Agency, Strategic Materials (DLA) did 
not designate niobium or tantalum materials for disposal under 
its fiscal year 2012 and 2013 Annual Materials Plans (Defense 
Logistics Agency—Strategic Materials, 2012). 

Tantalum was identified as a “conflict mineral” by the 
Dodd-Frank Wall Street Reform and Consumer Protection Act. 
The U.S. Securities and Exchange Commission (SEC) (2012) 
ruled that United States-listed companies that use conflict 
minerals must report annually whether any of those minerals 
originated in the Democratic Republic of the Congo or an 
adjoining country. 


Production 


The major marketable niobium materials are ferroniobium and 
niobium metal, ore, and oxide. The major marketable tantalum 
materials are tantalum metal (unwrought and wrought alloys, 
metal, and powder), ore, and scrap. In 2012, neither niobium nor 
tantalum domestic mine production was reported. 

NioCorp Developments Ltd., formerly Quantum Rare Earth 
Developments Corp., reported 19.3 million metric tons (Mt) 
of indicated resources at 0.67% niobium pentoxide (Nb,O,) 
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and 83.3 Mt of inferred resources at 0.63% Nb,O, to a cutoff 
grade of 0.40% Nb,O, at its Elk Creek, NE, property. Elk Creek 
was thought to be the only primary niobium deposit being 
developed in the United States (NioCorp Developments Ltd., 
undated; 2013). 


Consumption 


Domestic data for niobium and tantalum materials were 
developed by the USGS by means of the “Columbium 
(Niobium) and Tantalum,” “Consolidated Consumers,” and 
“Specialty Ferroalloys” surveys. For niobium and tantalum 
materials, one consumer responded to the *Columbium 
(Niobium) and Tantalum” canvass, about 70 responded to 
“Consolidated Consumers” canvass, and one responded to the 
“Specialty Ferroalloys” canvass. The steel industry accounted 
for 79% of niobium and tantalum reported consumption; the 
superalloy industry, 21%. 

Niobium ore was beneficiated to concentrates containing 
about 54% Nb,O.. Nb,O, was produced from the concentrate; 
ferroniobium or niobium metal, from МЬ,О,. Ferroniobium, the 
leading commercial niobium-containing material, was typically 
about 60% niobium, and was consumed in the production of 
HSLA steel. Other uses included the production of niobium 
carbide and chemicals. The use of niobium-containing steel in 
automobiles results in greater fuel efficiency (Lowder, 2012). 

Tantalum was used by the chemical processing, cutting tool, 
electronics, medical, and optical and X-ray equipment industries 
(Stratton and Henderson, undated). The electronics industry was 
the leading tantalum consumer, and electronic capacitors were 
the leading electronic use. Tantalum provides high dielectric 
constant and oxide layer stability to tantalum capacitors which 
results in high volumetric and thermally stable capacitance, 
which are desirable characteristics in some applications. 
Bioinertness makes tantalum useful in biomedical and surgical 
applications. Ductility and corrosion resistance make tantalum 
mill products useful in chemical processing. High-temperature 
strength and high melting points of tantalum and tantalum 
alloys make tantalum useful in superalloys. А wide variety of 
tantalum chemical uses take advantage of specific properties. 
For instance, tantalum pentoxide usage in glass increases the 
refractive index of the glass, tantalum carbide in cemented 
carbide cutting tools increases their toughness, and the inertness 
of tantalum nitride contributes to its use for diffusion barriers in 
microelectronic circuits (Espinoza, 2012). 

Schwela (2012) reported world niobium and tantalum 
consumption by material. Tantalum consumption, based on 
tantalum processors' shipments, was capacitor-grade tantalum 
powder (2496); metallurgical-grade powder, unwrought 
metal, scrap, and other (11%); mill products of tantalum 
(16%); tantalum carbide (7%); tantalum chemicals (3694) 


* 
2 
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and tantalum ingot (696). Niobium consumption, based on 
niobium processors' shipments, was niobium alloys (1.9%); 
niobium chemicals (4.5%); niobium metal (1.2%); steel-grade 
ferroniobium (88.896); and vacuum-grade niobium (3.6%). 
Niobium masteralloys—ferroniobium and niobium-nickel 
alloy—were consumed to produce steel and superalloys. About 
75% of world niobium consumption was for the production 

of microalloyed steel (Companhia Brasileira de Metalurgia e 
Mineracáo, undated c). 

ATI Wah Chang, Global Advanced Metals Pty. Ltd. (GAM), 
and H. C. Starck Inc. consumed niobium and (or) tantalum feed 
materials to produce intermediate niobium and (or) tantalum 
materials used in industrial manufacturing processes and products. 


Prices 


Niobium and tantalum materials were not openly traded. 
Purchase contracts were confidential between buyer and seller; 
however, trade journals reported composite prices of tantalite 
based on interviews with buyers and sellers, and traders declared 
the value of niobium and tantalum materials that they imported 
or exported. In 2012, the annual average price of tantalite ore 
per pound of contained tantalum oxide (Ta,O;) was 5108.469. 
The tantalite ore price decreased to $90 in May 2012, rose to 
$121.944 in October, and closed the year at $120.000. 


Foreign Trade 


Niobium and tantalum material exports from and imports to 
the United States included ferroniobium and niobium chemicals, 
metal, ore, and oxide, and tantalum metal and ore. In 2012, the 
values of foreign trade of these niobium and tantalum materials 
were $161 million for exports (1196 less than that of 2011) and 
$772 million for imports (20% greater than that of 2011). 

The United States exported 385 t of niobium contained in 
niobium materials (6% greater than that of 2011) and imported 
10,100 t of niobium contained in niobium materials (6% greater 
than that of 2011) (table 1). The United States exported 577 t of 
tantalum contained in tantalum materials (1 1% less than that of 
2011) and imported 1.014 t of tantalum contained in tantalum 
materials (45% less than that of 2011) (table 2). 


World Industry Structure 


Brazil and Canada were the leading producers of niobium 
mineral concentrates; Brazil and Rwanda were the leading 
producers of tantalum mineral concentrates (table 6). Tantalum- 
bearing tin slags, which are byproducts from tin smelting, 
principally from Asia, Australia, and Brazil, were another source 
of tantalum. The leading niobium ore and concentrate producers 
were Companhia Brasileira de Metalurgia e Mineração | 
(CBMM) in Brazil and IAMGOLD Corp. at its Niobec Mine 
in Canada. The leading tantalum ore and concentrate producers 
were Metalurg Group (Mibra Mine) and Mineração Taboca S/A 
(Pitinga Mine) in Brazil and Noventa Ltd. (Morropino Mine) 

3 ws alor of world niobium production resulted 

from mining the mineral pyrochlore in Brazil and Canada. т 
Steelmaking, primarily HSLA and stainless steels, CAPE Or 
about 9096 of niobium use. Niobium-containing HSLA steel was 
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used in automobiles, construction, and gas pipelines; stainless 
steel was used in automobiles (Roskill Information Services 
Ltd., 2009, p. 1-3). 

About 74% of tantalum world supply resulted from the mine 
production of tantalum-containing minerals with an additional 
8% from slags and synthetic concentrates and the remaining 18% 
from recycling (Roskill Information Services Ltd., 2012, p. 17). 

The Tantalum-Niobium International Study Center reported 
annual niobium and tantalum primary production based on 
a survey of its members. Tantalum primary production from 
tantalum concentrates, tin slags, and other concentrates was 
estimated to have been 600 t of contained tantalum in 2011, the 
most recent year for which data were available. Niobium primary 
production from niobium concentrates and other concentrates 
containing more than 2% niobium pentoxide (Nb,O.) was 
estimated to have been 64,000 t of contained niobium in 2011 
(Tantalum-Niobium International Study Center, 2012). 


Niobium 


Leading world ferroniobium producers were CBMM, 
Mineração Catalão de Goias (Brazil), and IAMGOLD Corp. 
(Canada), which collectively accounted for 123,700 metric 
tons per year (t/yr) of ferroniobium production capacity that 
was expected to increase to 193,000 t/yr of ferroniobium 
by 2017. World ferroniobium consumption was more than 
80,000 t in 2011, and from 2000 through 2011, the ferroniobium 
consumption trend generally followed the world steel 
production trend (Dufresne, 2012). 

Niobium ore grade at deposits mined in 2011 ranged 
from 0.59% Nb,O, in Canada to 3% Nb,O, in Brazil, Congo 
(Kinshasa), and Russia (British Geological Survey, 2011, 

p. 1, 3-4, 10-12). Brazil has been the leading niobium producer 
and Canada has been the second-ranked producer in since 1997. 


Tantalum 


World tantalum resources were reported to have been about 
260,000 t of tantalum distributed among Australia (2176); ; 
Brazil (4096); central Africa (1096); and other Africa, Asia, an 
Europe (2996). Tantalum's country production concentration 
was moderate but increasing. Tantalum production capacity | 
was 574 t/yr, measured in tantalum content, and was expecte 
to increase to 1,002 t/yr in 2013 and to 1,084 Џуг in 2015. 
The additional 428 t/yr expected annual production В 
addition in 2013 was to have been from the ramp up of i - 
expansion or reopening in Australia, Brazil, and Мохатоја 
(Polinares Consortium, 2012). 


World Review 


Australia. —The Government of Australia Mee pua Е 
of December 31, 2011, Joint Ore Reserves Nes е 
compliant ore reserves (as stated in company gs и 15.0001 
and reports to the Australian Stock Е n Е 
for niobium and 29,000 t for tantalum. epe со) 62,0001 
demonstrated resources for niobium were 205, 
for tantalum (Geoscience Australia, 2013). 
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Alkane Resources Ltd. planned to complete a definitive 
feasibility study on its Dubbo Zirconia Project in New South 
Wales in 2013 with updated capital and operating costs for 
the production of 1 Mt/yr of ore. By producing 1 Mt/yr of 
ore, Alkane could produce 3,000 t/yr of niobium-tantalum 
concentrates. Alkane reported 35.93 Mt of reserves at 0.46% 
Nb,O, and 0.03% tantalum pentoxide (Ta,O,) contained in 
73.20 Mt of resources at the same grades. Alkane planned to 
start ore production in 2016 (Alkane Resources Ltd., 2013, p. 5, 
7, 10). 

In Western Australia, GAM produced tantalum ore at 
Wodgina Mine and processed it along with tantalum ore from 
Galaxy Resources Ltd.'s Mt. Cattlin operation into concentrate 
at GAM's Greenbushes processing plant. Wodgina's production 
capacity of Ta,O, contained in concentrate was 635 Џуг of which 
one-half was committed for contracts. GAM processed conflict- 
free tantalum concentrate in Japan and the United States to 
produce tantalum products, including tantalum powder, tantalum 
metallurgical products, and niobium metallurgical products 
(Global Advanced Metals Pty. Ltd., 2012). GAM Resources 
Perth suspended mine production in 2012. 

Galaxy Resources shipped 638 t of tantalum concentrate in 
2012 from Mt. Cattlin to GAM's Greenbushes processing plant. 
Galaxy suspended production at Mt. Cattlin to permit processing 
of spodumene stocks, Mt. Cattlin's primary product, which had 
built up at Galaxy's Jiangsu, China, lithium carbonate plant. 
Galaxy reported reserves at Mt. Cattlin of 10.737 Mt containing 
146 g/t (0.014696) Ta,O, and resources of 17.155 Mt containing 
155 g/t (0.015576) Ta,O, to a cutoff grade of 0.4% lithium oxide 
as of 2011 (Galaxy Resources Ltd., 2013, p. 2, 9). 

Lithex Resources Ltd. reported 1.9 Mt of inferred resources 
containing 20 g/t tantalum in tin mine tailings stockpiles at its 
Moolyella project with preliminary recovery results of 66.3%. 
The tailings were from tin mining that took place from 1898 
to 1986. Lithex was also considering options for tantalum 
production at its Pilgangoora and Arthur River projects (Lithex 
Resources Ltd., 2012, undated). 

Brazil.—Niobium mine production in Brazil was 165,723 t 
of contained Nb,O, from reserves of 4,133,193 t М.О, in 2011. 
Final products were 64,657 t of Nb,O, contained in concentrate, 
53,691 t of niobium contained in ferroniobium, and 4,388 t of 
Nb,O, (Pereira and da Rosa, 2012, p. 93-94). Brazilian tantalum 
mine production was 136 t of tantalum contained in concentrate 
from reserves of 36,000 t of tantalum in 2011 (Pontes, 2012, 

p. 111-112). 

Anglo American Brazil Ltd. (a subsidiary of Anglo American 
plc) mined pyrochlore from а carbonatite deposit. The Catalão 
Mine comprised three open pits and a processing facility near 
the city of Catalão, Goiàs State. Anglo reported production of 
4,400 t of niobium contained in ore in 2012 compared with 
3,900 t in 2011. The company mined 933,000 t of ore and 
processed 974,000 t of ore at 8.5 kilograms per ton (kg/t) of 
niobium (or 0.8594 Nb). In 2012, Anglo reported reserves 
of 5.9 Mt at 0.93% Nb,O, containing 38,000 t of niobium 
contained in resources of 75.5 Mt at 1.1396 М.О, containing 
595,000 t of niobium (Anglo American plc, 2013, p. 17, 88, 198, 
234). Anglo planned to bring the Boa Vista Fresh Rock project 
into production in 2014, which would bring their niobium 
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production capacity to 6,500 t/yr of contained niobium in 2015 
from 4,400 t /yr in 2012. 

CBMM mined niobium ore from the Barreiro carbonatite 
complex near Агаха, Minas Gerais State, and beneficiated the 
ore at the mine site by selectively extracting the pyrochlore 
minerals from which niobium oxide is produced. The deposit 
contained 440 Mt of reserves at an average grade of 2.5% to 
3% Nb,O, that could be mined by open pit methods (Riffel, 
undated). CBMM produced ferroniobium, nickel-niobium, 
niobium metal, niobium oxide, and high-purity ferroniobium, 
and had production capacities of 70,000 t/yr of ferroniobium, 
3,000 t/yr of high-purity ferroniobium and nickel-niobium, and 
210 t/yr of niobium metal (Companhia Brasileira de Metalurgia 
e Міпегасӣо, undated а, b). A consortium of Chinese companies 
including Citic Group, Anshan Iron & Steel, Baosteel, 
Shougang, and Tisco purchased a 1596 stake in CBMM, which 
planned to increase its ferroniobium production capacity to 
150,000 t/yr in 2014 (Camargo, 2012). 

Міпегас̧ӣо Taboca S.A. mined columbite at the Pitinga 
Mine in Presidente Figueiredo Municipality, Amazon State. 
Taboca produced a ferroniobiumtantalum alloy containing 4596 
niobium, 4.296 tantalum, and 25% iron that was sold for the 
production of niobium and tantalum oxide (Mineração Taboca 
S.A., 2013а, b). 

Companhia Industrial Fluminense Mineracáo S.A. (owned by 
AMG Advanced Metallurgical Group N.V.) produced niobium 
and tantalum concentrate at the Volta Grande Mine near 
Nazareno, Mineras Gerais State. AMG planned to complete an 
updated NI 43-101 estimate of niobium and tantalum resources 
in 2013 (AMG Advanced Metallurgical Group N.V., 2013, p. 22, 
25, 76). 

Canada.—Niobium mine production, all from Quebec, was 
4,819 t of contained Nb,O, in 2012 compared with 4,551 t of 
contained Nb,O, in 2011. No production of Та,О, was reported 
for 2011 or 2012 (Natural Resources Canada, 2013a, b). 

Avalon Rare Metals Inc. (Toronto, Ontario) prospected for 
niobium and tantalum at its Nechalacho deposit at Thor Lake 
and tantalum at its Separation Rapids property. Avalon planned 
to complete a feasibility study for Nechalacho in 2013. At the 
Nechalacho deposit at Thor Lake, Avalon reported resources 
of 493 Mt at 0.31% Nb,O, and 0.02% Ta,O, (Avalon Rare 
Metals Inc., 2012). At Separation Rapids, Avalon reported 
petalite resources of 11.6 Mt at 0.007% Та,О, (Avalon Rare 
Metals Inc., 2013). 

Commerce Resources Corp. (Vancouver, British Columbia) 
prospected for niobium and (or) tantalum at the Blue River 
(east of Quesnel, British Columbia), Eldor (south of Kuujjuaq 
Quebec), and Carbo (northeast of Prince George, British | 
Columbia) properties, which host carbonatite deposits. 
Commerce reported NI 43-101-compliant resources for the Blue 
River project, comprising Fir, Verity, and Upper Fir deposits 
of 60.58 Mt containing 11,500 t of Ta,O, and 91,500 t of Nb O 
(Commerce Resources Corp., 2012, p. 1-9). da 

Critical Elements Corp. (Montreal, Quebec) developed the 
Rose tantalum property in the James Bay area of Quebec and 
explored Quebec Rare Earths project for tantalum and niobium 
For the Rose property, Critical Elements reported 37.2 Mt of | 
resource at 0.01694 Ta. O, (Critical Elements Corp., 2012, p. 4). 
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IAMGOLD (Toronto, Ontario) mined niobium contained 
in pyrochlore from the Saint-Honoré carbonatite deposit at 
the Niobec Mine, 15 km northwest of Chicoutimi, Quebec. 
Niobec mill production capacity was 4,500 t/yr of niobium 
in ferroniobium. The mill produced concentrate from which 
Niobec produced Nb,O, that was then converted to standard 
grade (66% niobium) ferroniobium by aluminothermic 
reduction. In 2012, the Niobec Mine produced 4,707 t of 
niobium compared with 4,632 t of niobium in 2011. IAMGOLD 
reported reserves of 422.9 Mt at 0.42% Nb,O, in addition to 
720 Mt of resources at 0.40% Nb,O, (IAMGOLD Corp., 2013, 
p. 26). IAMGOLD planned to increase production capacity at 
Niobec to 13,500 t of ferroniobium due to come onstream in 
phases starting in 2016 (Gibbons, 2012). 

Geomega Resources Inc. estimated 0.130% Nb,O, contained 
in 251 Mt of resources at Montviel Core Zone in Quebec at a 
cutoff grade of 1% total rare-earth oxides. Geomega planned 
to update its Montviel NI 43-101 report for 2013 (Geomega 
Resources Inc., 2013, p. 3). 

MDN Inc. (Montreal, Quebec) continued its development of 
the Crevier niobium project north of Lac Saint-Jean, Quebec. 
MDN developed flotation (to produce pyrochlore concentrate 
from ore) and leaching (to produce niobium and tantalum oxide 
from concentrate) processes and was seeking a strategic partner 
(MDN Inc., 2013, p. 14). 

Niocan Inc. (Montreal, Quebec) explored for niobium 
minerals at its Oka property near Oka, Quebec. The company 
reported 13.85 Mt of resources at 0.6676 Nb,O, as of December 
2009. Niocan planned to update its resource estimate (Niocan 
Inc., 2013, p. 23). 

PhosCan Chemical Corp. (Toronto, Ontario) sought a 
process to recover niobium from ore processed for phosphate 
concentration from its Martison phosphate deposit near Hearst, 
Ontario. PhosCan achieved moderate niobium recovery and 
continued to develop the process (PhosCan Chemical Corp., 

CI 
iion Ж Earth Inc. (formerly Rare Earth Metals) 
(Thunder Bay, Ontario) reported an 8.5 Mt inferred resource 
with 0.13% Nb,O, at a cutoff grade of 0.696 total rare-earth | 
oxides for the Clay-Howells deposit near Kapuskasing, Ontario. 
For the Two Tom deposit near Letitia Lake, Newfoundland and 
Labrador, the company reported a 41-Mt inferred resource at 
0.26% Nb,O, toa cutoff grade of 0.60% total rare-earth oxides 
(Rare Earth Metals Inc., 2011, p. 2, 64, 66; 2012, p. 73). 

Quest Rare Minerals Ltd. (Montreal, Quebec) explored for 

niobium minerals, among other minerals, at Strange Lake rare- 
h project on the Quebec-Labrador border. Quest reported 
sa £ 492.5 Mt grading 0.16% Nb,O, at Strange Lake. 
A ere (apii study discussed solvent extraction for the 
ее niobium at Strange Lake (Quest Rare Minerals Ltd., 
ed 3 и Ltd. (Vancouver, British Columbia) explored 

Ch ‘nerals at its Aley prospect in northern British 
fer poou 6 ko completed drilling to define ore reserves 
EUN ыры: metallurgical, process, and construction 
dits requirements in 2014 (Taseko Mines Ltd., 2013, 


p. 4). 
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China.—The leading tantalum mining areas were at Yichun, 
Jiangxi Province, and Nanping, Fujian Province (Fetherston, 
2004, р. 78—79). China consumed about 1,000 t/yr of tantalum, 
about two-thirds of which was imported (Ziguo and others, 
2012). 

Colombia.—Colombian police seized 17 t of illegally 
mined columbite-tantalite in the Amazon. Rebel groups in 
Colombia were thought to use illegally mined ore to finance 
their activities. No columbite-tantalite mining activities were 
sanctioned by the Government of Colombia in 2012 (Walsh, 
2012). 

Congo (Kinshasa).—Katanga, Kivu, Maniema, and Orientale 
Provinces in the eastern part of Congo (Kinshasa) host 
columbite-tantalite deposits (Fetherston, 2004, p. 71). 

Noventa Ltd. (St. Helier, United Kingdom) planned to 
develop a tantalum mine in Katanga Province, where it 
holds exploration licenses and trading rights through its joint 
ownership in African Specialty Metals Sprl and Tantale et 
Niobium du Tanganika Sprl. (Noventa Ltd., 2012, p. 18). 

Egypt.—Tantalum Egypt JSC [a joint venture of Gippsland 
Ltd. (Claremont, Australia) and the Government of Egypt] 
planned to mine tantalite from the Abu Dabbab and Nuweibi 
deposits. Gippsland reported 33.18 Mt reserves at 252 grams per 
metric ton (g/t) Ta,O, at Abu Dabbab and 142.5 Mt resources at 
176 g/t Ta,O, at Abu Dabbab and Nuweibi. H.C. Stark Group 
GmbH (Goslar, Germany) committed to buy 600 t/yr contained 
Ta,O, for 10 years. Gippsland planned to produce 3 Mt/yr 
run-of-mine ore from which it could produce 420 t of Ta,O, 
(Gippsland Ltd., 2013, p. 8-9, 16). 

Ethiopia.—The Ethiopian Mineral Development Share Co. 
(EMDSC), a state-owned enterprise, managed the Kenticha 
tantalum mine, which produced tantalum concentrate from 
a mine with a production capacity of 200 t/yr of concentrate 
grading 45% to 60% Ta,O, and exported tantalum concentrate. 
EMDSC estimated proven reserves of 16.4 Mt at 0.015% 
Ta,O, and inferred reserves of 100 Mt at 0.017% Та,О,. 
EMDSC planned to vertically integrate its tantalum industry 
by installing a tantalum ore processing plant at its Kenticha 
Mine while tantalum mining was suspended in 2012. EMDSC 
was the leading tantalum ore producer with output of 125 to 
230 t/yr supplemented by artisanal mining of 25 to 30 t/yr. 
The processing plant was expected to remove uranium, an ore 
constituent that had limited the shipment of raw tantalum ore 
and concentrate (Ethiopian Mineral Development Share Co., 
undated; Markram, 2012; Tekleberhan, 2012). | 

Finland.—Tertiary Minerals plc (Macclesfield, United " 
Kingdom) was granted an exploration license for the ded а 
tantalum prospect (Kemió Island). The deposit was à |- XE 
mineral resource grading 255 g/t Ta,O, (Tertiary Minerals plc, 

. 10). 

ge т Resources Ltd. (Perth, Australia) S 
the Motzfeldt area in southern Greenland. Ram г а 
Mt of resources grading 4.6 kg/t RE. Е ГА ез 

spect (Ram Resources Ltd., 2012, р. ^79^ :tish 
p Wildcat Resources Corp. A те 
Columbia, Canada) explored for niobium at В Mt at 
company reported a niobium inferred resource 
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0.654% Nb,O, (Pacific Wildcat Resources Corp., 2011, p. 14, 
18; 2012, p. 3-4). 

Malawi.—Globe Metals & Mining Ltd. (West Perth, 
Australia), through its Kanyika project, planned to begin 
niobium mining in 2014, followed by ferroniobium production 
in 2015. Globe reported 68.3 Mt of resources for the project at 
2.83 kg/t Nb,O, and 135 g/t Ta,O,. Globe planned to complete 
a definitive feasibility study in 2012 (Globe Metals & Mining 
Ltd., 2013). 

Mozambique.—Highland African Mining Co. Ltd. [a 
subsidiary of Noventa Ltd. (St. Helier, United Kingdom)], 
operated the Marropino Mine, held concessions for the Morrua 
and Mutala deposits, and held exploration licenses for adjacent 
areas. Noventa reported indicated resources of 7.40 Mt at 
223 g/t Ta,O, at Marropinno and 4.65 Mt at 510 g/t Ta,O, 
at Morrua. Noventa planned to complete a processing plant 
upgrade and ramp up production at Marropinno, and continue 
development of the Morrua and Mutala concessions (Noventa 
Ltd., 2012, p. 2). 

Namibia. —Procomex Namibia Pty. Ltd. (Uis) planned to 
reopen the Uis Mine, which formerly produced tin and tantalite. 
Procomex planned to start tantalum ore production after 
construction of a new processing plant, rehabilitation of the 
water infrastructure, and modernization of electrical connections 
by NamPower, Namibia's national electrical power utility 
(Hartman, 2012). 


Outlook 


Niobium.—As much as 90% of global niobium use was 
as an additive in steelmaking, mostly in the manufacture of 
microalloyed steels (Roskill Information Services Ltd., 2009, 
p. 1-3). The production of HSLA steel was the leading use for 
niobium. The trend for niobium consumption, domestically 
and globally, was expected to continue to closely follow that of 
niobium-containing-steel production. (Additional information 
about the steel industry can be found in the Iron and Steel 
chapter of the USGS Minerals Yearbook, volume I, Metals and 
Minerals.) Consumption of niobium, however, does not coincide 
with trends in overall steel production, as only 10% of steel 
products contain niobium. The leading nonsteel use of niobium 
was in superalloys for, among other applications, aircraft 
engines. 

The long-term growth of niobium use was interrupted by 
the economic downturn of 2008-09. Niobium is mainly used 
in HSLA steels consumed by automobile, construction, and 
pipeline industries. Greater demand for natural gas was expected 
to result in increased demand for pipeline steel. The sharp fall 
in demand for automobiles and in construction that started in 
2008 was expected to decrease demand for niobium-containing 
steel. Recovery of these markets was expected to revive demand 
for niobium. It was reported that the global unit consumption of 
niobium per ton of steel produced was 55 to 60 g/t, while that of 
highly economically developed countries was 100 g/t and that 
of China was 40 g/t, suggesting significant potential for niobium 
consumption growth as the Chinese economy develops (Roskill 
Information Services Ltd., 2009, p. 124-125). 

Tantalum.—Tantalum supply comprises artisanal and 
conventional mining, slags and synthetic concentrates, 
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recycling, and stocks. World primary production was expected 
to increase from about 1,100 t of tantalum in 2011 to about 
1,600 t of tantalum in 2016. Conventional mining accounted 
for about one-half of supply in 2011. If conventional mining 
accounts for all of the expected growth, an additional 500 t of 
tantalum in mine expansions and new projects would be needed 
to account for that amount of material. It has been estimated 
that current producers collectively will probably increase 
production by 600 t of tantalum, and that projects are currently 
being planned collectively would increase production by more 
than 1,300 t of tantalum. Thus, expansions at existing operations 
and projects in the pipeline were more than adequate to meet 
anticipated growth. Processing capacity would also need to 
increase to convert that ore and concentrate into intermediate 
and final chemical and metal products (Roskill Information 
Services Ltd., 2012, p. 2, 6, 21-23, 31-33). 
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TABLE 1 
SALIENT NIOBIUM STATISTICS! 


| 2008 2009 2010 2011 2012 
United States: 
Exports, Nb content metric tons 781 195 281 363 385 
Imports for consumption: 
Mineral concentrates, Nb content do. 134 4l 5 23 32 
Niobium metal, gross weight? do. 1,130 699 1,380 1,460 1,440 
Niobium oxide, Nb content? do. 852 742 824 1,120 1,220 
Ferroniobium, Nb content" do. 7,120 2,920 6,280 6,910 7,430 
Reported consumption, Nb content 
Raw materials do. W W W W W 
Ferroniobium and nickel niobium do. 5,380 | 4350 5590 —  9060' 7670 
Apparent consumption, Nb content do. 8,450 4,210 8,210 29,160 9,730 
Value: m 
Niobium ores and concentrates (gross weight) dollars per kilogram 26.70 59.86 19.84 39.34 23.54 
Niobium oxide (gross weight) do. 25.65 27.30 30.32 37.69 4443 
Ferroniobium (gross weight) do. 21.29 23.59 24.01 о 264 n6 


World, production of niobium-tantalum concentrates, Nb content metric tons 106,000 ' 67,100 ' 49,000 ' 50,100 ^* 50,100 “ 
"Estimated. "Revised. do. Ditto. W Withheld to avoid disclosing company proprietary data. 

"Раја are rounded to no more than three significant digits, except values. 

"Includes natural and synthetic niobium ore and concentrates, niobium oxide, niobium ferroalloy, and unwrought niobium metal and alloys. 

*Includes niobium and articles made of niobium. 

*Weighted average value of imported plus exported materials. 


TABLE 2 
SALIENT TANTALUM STATISTICS' 


о ees NONEM 
2008 2009 2010 2011 2002 _ 
United States: 
Exports: 194 
ee (SCS ee 65 
Tantalum ores and concentrates,” Ta content тете 008 26 = >. 443 341 
Tantalum metal, gross weight T = „ел = Ше PERRA, eO а О ES M 140 111 
Tantalum and tantalum alloy powder, gross weight do. 176 94 1 сы Мы ы шы aes 
„к= = е ша к еа ала Е ос ка ЕН о ас зна ко кана яя 
Imports (ог consumption: uu я 32 
Нин ui cone e EPI ee ep Ee D mL ЕЕ C» EL LEER S _ 
Mineral ores and concentrates, Ta content do. I ЖООИ 2 о — 9. 
gie ааа ТЇС = 24994 689 1,590 1,800  —— 
Tantalum metal and tantalum-bearing alloys, gross weight + т 
_ Reported consumption, raw materials ^3 conten | S == WA mo 41_ 
Apparent consumption, Ta content do. ó ao age M 239 
^ Price, tantalite, Таз; content dollars per kilogram 96 89 010 m crar Cal 
Ice, tantae, 9-3 Бенита ви a a a MM 32 Е 
Value,” tantalum ores and concentrates, gross weight фо A ae ep m. 
"World, production of niobium-tantalum concentrates, Ta content metric tons 2,230" 1,060 ____ PEDE 


*Estimated. ‘Revised. do. Ditto. W Withheld to avoid disclosing company proprietary data. 

Data are rounded to no more than three significant digits. 

?Includes natural and synthetic tantalum ore and concentrates. к 
3includes unwrought powders, unwrought alloys and metals, а and scrap, and wrought alloys and metal. 
* Average annual price per Та,О; content as reported in Ryan's Notes. 


5Weighted average value of imported plus exported materials. 
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TABLE 3 


REPORTED CONSUMPTION, BY END USE, INDUSTRY STOCKS OF FERRONIOBIUM AND 
NICKEL NIOBIUM, AND GOVERNMENT STOCKS BY MATERIAL IN THE UNITED STATES! 


(Metric tons of niobium and tantalum content) 


2011 2012 
End use: 
Carbon 1,630 1,570 
Stainless and heat-resisting 718 ' 811 
Full alloy (2)' (2) 
High-strength low-alloy 815° 784 
Electric (2) (2) 
Tool (2) " (2) 
Unspecified 2,880 ' 2,870 
Total 6,040 * 6,030 
Superalloys 3,000 " 1,620 
Alloys (excluding steels and superalloys) 2297 18 
Grand total 9,060 ' 7,670 * 
Stocks, December31: | _ 
_ Consumer 402 ' 388 
тоаг w w.. 
_ Total 402 ' 388 
National Defense Stockpile, total uncommitted inventory by material: 
Niobium metal ingots 10.0 10.0 
Tantalum carbide powder | 1.72 1710 


*Estimated. 'Revised. W Withheld to avoid disclosing company proprietary data. 

!Data are rounded to no more than three significant digits; may not add to totals shown. 
"Included with "Steel, unspecified." 

*Ferroniobium only. 
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TABLE 7 
FERRONIOBIUM (FERROCOLUMBIUM): WORLD PRODUCTION, ВУ COUNTRY' 


(Metric tons, Nb content) 


"E TY 208 —  à— 209 — 200 — 0201 — 207 _ 
Brazil 53,839 ' 34,746 ' 52,588 ' 53,691 ' 54,000 
Canada 4,383 ' 4,330 ' 4,343 ' 4,632 ' 4,707 3 
Russia* | 53 ' 524 53 ' 53 ' 53 
United States NA |. Мм NA . — | NA CNA 
Total | 58,300 ' 39,100 ' 57,000 ' 58,400 ' 58,800 


“Estimated; estimated data are rounded to no more than three significant digits; may not add to totals shown. 
"Revised. МА Not available. 

"Table includes data available through July 23, 2013. 

п addition to the countries listed, Austria, China, and Germany are thought to have produced ferroniobium 

(ferrocolumbium), but production information is inadequate for the formulation of estimates of output levels. 
"Reported figure. 
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NITROGEN 
By Lori E. Apodaca 


The world production table was prepared by Glenn J. Wallace, international data coordinator. 


In 2012, U.S. ammonia production contained 8.73 million 
metric tons (Mt) of nitrogen, about a 796 decrease from 
production in 2011, and apparent consumption decreased by 
about 7% from that in 2011. According to the U.S. Census 
Bureau, exports of ammonia increased by 1994 from those in 
2011, and imports decreased by about 8% from those of 2011 
(tables 8, 9). Most of the imports in 2012 were from Canada, 
Russia, Trinidad and Tobago, and Ukraine. About 87% of the 
domestically produced ammonia consumed in the United States 
was used in fertilizer applications. Global ammonia production 
in 2012, which was estimated to contain 136 Mt of nitrogen, 
was 2% higher than that in 2011. China, India, Russia, and the 
United States were the leading producers, together accounting 
for about 56% of the total. In the United States, the increased 
supply of shale gas has lowered prices for domestic natural 
gas, which has resulted in significant interest in new nitrogen 
capacity to replace higher cost imports. 

Nitrogen is an essential element of life and a part of all 
plant and animal proteins. Some crop plants, such as alfalfa, 
soybeans, garden peas, and peanuts, can convert atmospheric 
nitrogen into a usable form in a process called fixation. Most 
nitrogen available for crop production, however, comes from 
decomposing animal and plant waste or from commercially 
produced fertilizers. 

АП commercial fertilizers contain their nitrogen in the 
ammonium and (or) nitrate form or in a form that is quickly 
converted to these forms once the fertilizer is applied to the 
soil. Commercial production of anhydrous ammonia is based 
on reacting nitrogen with hydrogen under high temperatures 
and pressures. The source of nitrogen is air, which is almost 
80% nitrogen. Hydrogen is derived from a variety of raw 
materials, including water, and crude oil, coal, or natural gas 
hydrocarbons. Other nitrogen fertilizers are produced from 
ammonia feedstocks through a variety of chemical processes. 


Legislation and Government Programs 


The 2008 Farm Bill expired at the end of September 2012, 
and Congress passed a 1-year extension of the Farm Bill in 
January 2013. The Farm Bill is a comprehensive bill that 
addresses agriculture, conservation, and food policy in the 
United States (Thiesse, 2013). Changes to the Farm Bill could 
have affected the planting season, which in turn could have 
affected the purchase of fertilizers. 

In November 2012, the U.S. Environmental Protection 
Agency (EPA) approved Florida's State numeric nutrient 
criteria for streams, lakes, springs, and south Florida estuaries 
and coastal waters as established by the Florida Department of 
Environmental Protection (FDEP). FDEP's criteria establish 
specific limits on the amount of nitrogen and phosphorus 
allowed in Florida's waterways. The agreement between FDEP 
and EPA would allow FDEP to move forward with rulemaking 
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and legislation in 2013 to finish setting specific nutrient criteria 
for Florida's waterways (Green Markets, 20124). 

In June 2012, the U.S. Department of Commerce initiated an 
expedited second sunset review and determined that revoking 
the existing antidumping duty order on solid agricultural grade 
ammonium nitrate from Ukraine would lead to continuation 
or recurrence of dumping and material injury to an industry 
in the United States. The results indicated that the existing 
antidumping duty orders should remain in place. The products 
covered by the order were solid, fertilizer grade ammonium 
nitrate products, whether prilled, granular or in other solid form, 
with or without additives or coating, and with bulk density equal 
to or greater than 849 kilograms per cubic meter (53 pounds per 
cubic foot) (U.S. International Trade Administration, 2012). 


Production 


Industry statistics for anhydrous ammonia and derivative 
products, including the third and fourth quarters of 2011 and 
all of 2012, were developed by the The Fertilizer Institute and 
adjusted by the U.S. Geological Survey. A summary of the 
production of principal inorganic fertilizers through the second 
quarter of 2011 was reported in the U.S. Census Bureau’s series 
MQ325B. In 2012, production of anhydrous ammonia (82.2% 
nitrogen) decreased by about 7% to 8.73 Mt of contained 
nitrogen compared with 9.35 Mt in 2011 (table 1). Of the total 
produced, 87% was used as a fertilizer and 13% was used in 
other chemical and industrial sectors (table 2). 

The United States was a leading producer and consumer 
of elemental and fixed types of nitrogen. In declining order, 
urea, ammonium nitrate, ammonium phosphates [diammonium 
phosphate (DAP) and monoammonium phosphate (MAP)], 
nitric acid, and ammonium sulfate were the major downstream 
products derived from domestic and imported ammonia in 
the United States. Their combined estimated production was 
8.58 Mt of contained nitrogen, with urea and ammonium 
nitrate each accounting for 28%, ammonium phosphates 
19%, nitric acid 17%, and ammonium sulfate 8% of the total 
production (table 3). 

Ammonia producers in the United States operated at about 
80% of design capacity in 2012; this percentage included 
capacities at plants that operated during any part of the year and 
did not include plants that were idle for all of 2012. More than 
57% of the U.S. ammonia production capacity was concentrated 
in Louisiana (3096), Oklahoma (2194), and Texas (696), where 
there are large reserves of feedstock natural gas. CF Industries 
Holdings, Inc., Koch Nitrogen Co., LLC, PCS Nitrogen, Inc. 
and Agrium Inc., in descending order, accounted for 7594 of | 
total U.S. ammonia production capacity (table 4). 

In February, Rentech Nitrogen Partners LP secured a 
$100 million loan to finance expansion of ammonia production 
and storage at the East Dubuque, IL, plant. The project would 
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increase ammonia production capacity by 23% or about 

65,000 metric tons per year (t/yr), bringing the total ammonia 
production at the plant to about 336,000 t/yr. Ammonia storage 
capacity would increase to 18,000 t/yr. The ammonia expansion 
project was expected to be completed by yearend 2013 (Green 
Markets, 2012c). 

In November, Iowa Fertilizer Co. (a wholly owned subsidiary 
of Orascom Construction Industries) began constructing its new 
greenfield nitrogen fertilizer production plant in Wever, IA. This 
would be the first large gas-based fertilizer plant built in the 
United States in 25 years and was projected to cost $1.4 billion. 


for ecosystem restoration in the Gulf Coast. In addition, the Gulf 
Restoration Council was tasked with identifying projects and 
programs aimed at restoring and protecting the natural resources 
and ecosystems of the Gulf Coast region, which was to be 
funded from a portion of the trust account established from the 
Deepwater Horizon oil spill (White House, The, Office of the 
Press Secretary, 2012). The RESTORE Act not only addresses 
the effects from the Deepwater Horizon oil spill but also 
addresses other water quality issues affecting the Gulf Coast, 
such as excess nutrients, hypoxia, altered sediment resources, 
pathogens, and mercury (Gulf Coast Ecosystem Restoration 


The plant was expected to produce between 1.5 and 2.0 million Council, 2013). 
metric tons per year (Mt/yr) of ammonia, urea, urea ammonium | 
nitrate (UAN) and was expected to be completed by midyear Consumption 
2913 [ге О РВСН S ORSIQUSIAGH In 2012, U.S. apparent consumption of ammonia was 
асраи, 2012); ; 13.9 Mt of contained nitrogen, about 7% lower than that in 
SE GUB ILE ОИ Ц would ees ant ; 2011. Apparent consumption is calculated as production plus 
akon d ae brea Dow proauchon м ПАЈА Non ле imports minus exports, adjusted to reflect any changes in 
пайдалу, Е. a a Dm к: да stocks. Consumption of nitrogen fertilizers in the United States 
its complex ue ort Neal, b» | о Р “2 dba d for the 2012 crop year (ending June 30, 2012) is listed in 
ЈУ а E a RU p Ro TM а table 5. Consumption of fertilizers was reported to be p Mt 
.6 Mt/yr o | i е 
be 5 уе ру 2016 at a cost of $3.8 billion (CF Industries of contained nitrogen, which was an increase of about 6% 
compared with that of 2011. Anhydrous ammonia and nitrogen 
Holdings, Inc., 2012). solutions, mostly UAN solutions containing 29.8% to 29.9% 
А nitrogen, were the principal nitrogen fertilizer products, each 
Environment representing about 28% of fertilizer consumption. Urea (45.9% 
Hypoxia, or oxygen depletion, is caused by excess nutrients nitrogen) constituted 21% of the nitrogen fertilizer ssa be 
in the water coming from many sources including fertilizers, during the 2012 crop year. Ammonium унук (33.9% nitrogen) 
soil erosion, sewage discharge, and deposition of atmospheric and ammonium sulfate each constituted an of кун 
nitrogen. Therefore, hypoxia has become a controversial fertilizer consumption. The remaining 19% consiste | 25 
environmental concern for the fertilizer industry and an issue multiple-nutrient (various combinations of is у | M ; 
that spawned significant research efforts to determine its cause. and potassium) and other nitrogen fertilizers. e мн 
Hypoxia occurs where water near the bottom of an affected area nitrogen-consuming States in the 2012 crop jun < Spake 
of a large body of water, such as the Gulf of Mexico, contains order were Iowa, цой, Nebraska, ird an ae , 
less than 2 parts per million of dissolved oxygen. Hypoxia can accounting for about 40% of total fertilizer consumption. 
cause stress or death in bottom-dwelling organisms that cannot TRUE NE 
move out of the hypoxic or “dead” zone. p 


Dead zones in coastal oceans have been reported in more than 
400 ecosystems, affecting a total area of more than 245,000 
square kilometers (km) worldwide. The number of dead zones 
has approximately doubled each decade since the 1960s. More 
recently, dead zones have developed in continental seas, such 
as the Baltic Sea, the Black Sea, the East China Sea, the Gulf of 
Mexico, and the Kattegat (Diaz and Rosenberg, 2008). 


Ammonia was transported by refrigerated barge, rail саг, — 
pipeline, and tank truck. Three companies served 11 States НА 
5.090 km of pipelines and 4,800 km of river barge transport; ral 
and truck were used primarily for interstate or local delivery. 

NuStar Energy L.P. continued to operate the Gulf pc ; 
ammonia pipeline. The 3,200-km ammonia pipeline originate 


"ete in the Louisiana Delta, where it had access to three marine 
On July 6, 2012, the Resources and Ecosystems Sustainability, terminals and three anhydrous ammonia plants on the 


Tourist Opportunities and Revived Economies of the Gulf Coast Mississippi River. The capacity of this pipeli rm ой du 
"ey Act (RESTORE Act) was signed into law by the President 2 Mt/yr of ammonia, with a storage capacity of more 


| | e Gulf 
of the United States. The law RU = ans et ы In 2012, about 5 4 Mt с К ammonia vasi рро й А о an 
established a bce E Om the Deepwater Horizon oil spill. "— jin ipeline system. The 1,7 50-km pipeline system, 
Water Act penalties го inated the Gulf Coast Ecosystem " vie чу C ей and distributed ammonia from pode 
This executive order E joint state federal council, established рет TA nom and Texas to various distribution р D 
Renni несме 13554 to address the persistent and in the Midwest, had а delivery сара city of about 820,000 t/yr. 
in 2 y 


А . $ $ th ou h Magellan's 
:enificant damage in the Gulf Coast region of the United States In 2012, 700,000 t of ammonia was Misc я Midstream 
m It of the Deepwater Horizon oil spill. | рїрейпе сотрагед with 660,000 t in EO COR operated the 
roue ep RESTORE Act, a Gulf Restoration Council was Partners, L.P., 2013, p. 40). Tampa Pipe 
gud ej d charged with developing a comprehensive plan 
established an 
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135-km Tampa Bay pipeline system, which moved ammonium 
phosphate and nitrogen compounds for fertilizer producers in 
Hillsborough and Polk Counties, FL. 


Prices and Stocks 


Midyear and yearend prices for nitrogen materials are listed 
in table 7. According to Green Markets, the average Gulf Coast 
ammonia price began 2012 at $612 per short ton ($675 per 
metric ton), and in mid-October reached the high for the year of 
$685 per short ton ($755 per metric ton), where it remained until 
yearend, a 12% increase in price from the average high for 2011. 

The average granular urea price fluctuated throughout 2012, 
beginning the year at $373 per short ton ($411 per metric ton). 
The average price reached a high of $728 per short ton ($802 
per metric ton) at the end of April. At yearend, the average urea 
price was $402 per short ton ($443 per metric ton). 

The average ammonium nitrate price, which began 2012 at 
$395 per short ton ($435 per metric ton), fluctuated through 
most of the year. The average price rose to $485 per short 
ton ($535 per metric ton) by early May and then declined to 
$398 per short ton ($439 per metric ton) by yearend. 

Typically, ammonium sulfate prices do not follow the 
same trend as other nitrogen products, which correlate to 
natural gas prices, mainly because a substantial portion 
of the material is produced as a byproduct of caprolactam 
production. Caprolactam, an organic compound, is the 
precursor to Nylon 6, a widely used synthetic polymer. The 
average price of ammonium sulfate began 2012 at about 
$370 per short ton ($408 per metric ton) and fluctuated, 
reaching a high of $435 per short ton ($480 per metric ton) at 
end of April. By yearend, the price averaged $400 per short ton 
($441 per metric ton). 

In 2012, the annual average price paid index for all types 
of fertilizers increased by about 14% from the 2011 index 
(U.S. Department of Agriculture, Economic Research Service, 
2013a). Fertilizer prices increased as a result of the decrease 
in available supply and not as a result of increased demand 
for fertilizers. 

Stocks of ammonia at yearend 2012 were estimated to be 
180,000 metric tons (t), slightly higher than comparable stocks 
at yearend 2011 (table 6). 


Foreign Trade 


Ammonia exports increased by 1996 compared with those 
in 2011 (table 8). Canada was the leading destination for 
U.S. exports of ammonia accounting for 7996 of the total. 

Ammonia imports decreased by 8% compared with those in 
2011 and dwarfed the quantity of exports. The average value of 
ammonia imports increased to about $600 per metric ton from 
5560 per metric ton in 2011 (table 9). Trinidad and Tobago 
(60%) continued to be the leading, import source. Canada (1894), 
Russia (976), and Ukraine (596) were the remaining significant 
Import sources. 

Tables 10 and 11 list trade data for other nitrogen materials 
and include information on principal destination or source 
countries. Exports of DAP and MAP decreased in 2012, while 
ammonium nitrate, ammonium sulfate, and urea increased. 
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Imports of nitrogen materials in 2012 increased compared with 
those in 2011 for about one-half of the nitrogen compounds. 
The exceptions were ammonium sulfate, DAP, MAP, nitrogen 
solutions, and potassium nitrate-sodium nitrate mixtures. 


World Review 


Anhydrous ammonia and other nitrogen materials were 
produced in more than 60 countries. Global ammonia 
production in 2012, estimated to be 136 Mt, was a 2% increase 
compared with that of 2011 (table 12). China, with 3396 of 
total production, was the leading world producer of ammonia. 
Asia contributed 5096 of total world ammonia production, and 
the Commonwealth of Independent States (CIS), Estonia, and 
Lithuania produced 13% of the global total. North America 
produced 10% of the total; Middle East, 996; Western Europe, 
896; Central America and South America, 496; and Africa, 
Eastern Europe, and Oceania contributed the remaining 696. 

In 2012, world ammonia exports, estimated to be 15.5 Mt 
of contained nitrogen, increased by 3% compared with those 
in 2011. Canada, Indonesia, Russia, Saudi Arabia, Trinidad 
and Tobago, and Ukraine accounted for about two-thirds of 
world exports. North America (primarily the United States) 
imported about one-third of global ammonia trade, followed 
by Asia and Western Europe (International Fertilizer Industry 
Association, 2013). 

Bangladesh.—China Chengda Engineering Co. awarded a 
contract to Stamicarbon B.V. for the supply of high-pressure 
proprietary urea synthesis and granulation equipment for 
the Shahjalal Fertilizer Project. This contract followed the 
license and process design package agreement signed at the 
beginning of the year for urea synthesis and a granulation unit, 
each with a capacity of 1,760 metric tons per day (t/d). The 
plant was expected to begin operations in 2015 (Nitrogen + 
Syngas, 20122). 

Bolivia.—Bolivia’s national oil company, Yacimientos 
Petroliferos Fiscales Bolivianos (YPFB), awarded Toyo 
Engineering Corp. the urea synthesis and granulation 
technologies supply contract and Samsung Engineering Co. 
Ltd. the engineering, procurement, and construction contract 
for the ammonia and urea project to be located in Carrasco. The 
plant was expected to produce 2,100 t/d of urea using natural 
gas as a feedstock and was scheduled to be operational by 2015 
(Nitrogen + Syngas, 2012b). 

Canada.—Yara International ASA announced it would 
expand the Belle Plaine facility in Saskatchewan. The expansion 
would increase urea capacity by approximately 1.3 Mt/yr. The 
project was expected to begin in early 2014 and to be completed 
by 2016 (Nitrogen + Syngas, 20124). 

Indian Farmers Fertiliser Cooperative (IFF CO) and 
agriculture food cooperative La Coop Fédérée signed an 
agreement to invest $1.2 billion in the construction of a nitrogen 
fertilizer plant in Becancour, Quebec. The plant was expected to 
produce 1.25 Mt/yr of urea using natural gas as the feedstock. 
Construction of the plant was expected to begin in 2014 and to 
be completed by 2017 (Nitrogen + Syngas, 2012c). 

The Government of Canada added 41 unique substances 
including ammonium nitrate fertilizer to its Environmental 
Emergency Regulations. The regulations require that facilities 
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that handle these 41 listed substances at or above regulated 
quantities develop environmental emergency (E2) plans, if they 
are not already in place. E2 regulations require that individuals 
and industrial facilities using and storing regulated hazardous 
substances listed in the regulations have plans for and can 
manage the consequences of unintended release of the substance 
into the environment. For ammonium nitrate, the E2 regulation 
set the regulation limit at 20 t, but the new rule includes an 
exemption for bagged ammonium nitrate sold in its usual 
20-kilogram (44 pound) container (Green Markets, 2012а). 

China.—Inner Mongolia Erdos Chemical Industry Group Co., 
Ltd. contracted with Stamicarbon for a new urea plant to be built 
in Qi Pan Jing, Ordos City, Inner Mongolia. The 2,860 t/d plant 
was planned to start up in 2014 (Nitrogen + Syngas, 2013a). 

China XLX Fertiliser Ltd. planned to construct a new 
coal-based complex in Manas county in Xinjiang Uyghur 
Autonomous Region to expand its production of urea and 
compound fertilizer and to begin melamine production. The 
complex would produce about 450,000 t/yr of urea, most of 
which was to be used in the production of 100,000 t/yr of 
melamine. The project would be carried out in stages and was 
expected to be completed by yearend 2016 at a cost of about 
$424 million (Nitrogen + Syngas, 2012e). 

In December, the Chinese Government released its 2013 
export tariff rates for many products, including urea. The rate for 
urea was lowered from 11096 to 7596 during the high seasons, 
which are from January through June and November through 
December. The rate of 796 in the low season was reduced to 2%. 
In addition to the reduced tariff rates, the base price on which 
the progressive taxation would be assessed was increased by 
about 8% (Fertilizer Week, 20122). | 

Ethiopia.—Metal and Engineering Corp. signed an agreement 
with the Privatisation and Public Enterprises Agency of Ethiopia 
to build a fertilizer complex in the country within the next 
3 years. The $3.1 billion project would include five coal-fired 
ammonia-urea trains, each with a capacity of 300,000 t/yr of 
urea, three 250,000-t/yr DAP plants, and a 1.1-Mt/yr phosphate 
plant (Nitrogen + Syngas, 20124). | 

Iraq.—Mitsui, Toyo Engineering Corp. and Unico 
International Corp. were conducting а feasibility study for a 
2.000- to 3,000-t/d ammonia/urea plant to be built at Basra. The 
-owned Japan International Cooperation Agency 
would provide $1.95 million for the feasibility study. The 

t would be a joint venture with an Iraqi state-run 
ан ith project completion slated for 2018 
fertilizer company, ке У у 
РОВ пеге m Group broke ground on the 

E h Ammonia Urea (SAMUR) project in Siptang. 
S а the capacity to produce 2,100 t/d of 
The plan Mone 850 t/d of urea. When complete, the new facility 
ammonia ane 4 ble Petronas Chemical's urea production 
would almost m г. making it the second ranked producer of 
capacity to hic AC The plant was expected to be completed 
urea deett output aimed primarily (95%) at the export 
by 201» WI 012h). 
market (Nitrogen > aa ea Fine Chemical Corp. 

The Republic of Kor ding with the government 

dum of understanding | 
Malaysia to construct a nitrogen complex. 
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The complex would consist of a 600,000-t/yr ammonia plant, 
a 400,000-t/yr nitric acid plant, and 200,000-t/yr ammonium 
nitrate plant next to the Bintulu port on the Malaysian part of the 
island of Borneo. The complex was expected to be completed 
by late 2015 or early 2016 at an estimated cost of $740 million 
(Nitrogen + Syngas, 2013b). 

Nigeria. —Notore Chemical Industries Ltd. signed a joint- 
venture agreement with Mitsubishi Corp. to develop an 
integrated 1,700-t/d ammonia, 3,000-t/d urea, and 1,500-t/d 
petrochemical plant at its existing facility at Onne, Rivers 
State. The plant was expected to be operational by 2016 (Green 
Markets, 2012b). 

Indorama Eleme Fertilizer & Chemicals Ltd. contracted 
with KBR, Inc. to provide ammonia technology for its planned 
grassroots 2,300-t/d ammonia plant in Port Harcourt, Rivers 
State. No timetable for completion of the plant was announced 
(KBR, Inc., 2012). 

Dangote Group awarded front-end engineering and design 
contracts for twin 2,200-t/d ammonia and 3,850-t/d urea plants 
at Algenebode in Edo State to Saipem S.p.A. Construction was 
expected to begin in January 2013 and to be completed by late 
2015 or early 2016 at an estimated cost of $1.9 billion (Nitrogen 
+ Syngas, 2013c). 

Trinidad and Tobago.—The government-owned National Gas 
Co. Ltd. and Methanol Holdings Trinidad Ltd. (MHTL) signed 
a 20-year natural gas supply agreement that would provide 
100 million standard cubic feet per day (MMcfd) of natural 
gas to MHTL’s proposed $2 billion ammonia-urea-melamine 
complex. Construction was expected to begin in 2013, but no 
timetable for completion of the complex was announced (Oil & 
Gas Journal, 2012). 


Outlook 


Large corn plantings increase the demand for nitrogen 
fertilizers. According to the U.S. Department of Agriculture 
(USDA), U.S. corn growers intended to plant 39 million 
hectares (Mha) of corn for all purposes in the 2013 crop year, 
a slight increase from that in 2012 and an increase of 6% 
from that in 2011 (U.S. Department of Agriculture, National 
Agricultural Statistics Service, 2013a, p. 1). If this takes 
place, 2013 will represent the largest planted corn acreage 
in the United States since 1936 when an estimated 41 Mha 
were planted, and it would mark the fifth consecutive year 
that planted corn acreage increased in the United States. Corn 
acreage utilization was projected to increase in many X У 
because of expectations of higher selling prices and better n 
returns from corn compared to other field crops. The 201 А 
growing season did not get off to a good start as a result o ч. 
the cold and wet weather in early spring 1n much of the xs " 
corn-producing regions; however, conditions improved bon » 
allowing U.S. growers to continue planting (U.S. Depa Saki 
of Agriculture, National Agricultural Statistics не yields 
For 2013, the production forecast remained high id | = 

According to long-term projections from the USI : dbi 
for the eight major field crops (barley. corn, a m 
soybeans, upland cotton, and wheat) in the Unite К ding 
expected to decrease slightly in the next few er its 
the remainder of the projection period (2012-22), p 
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would remain near 98 Mha, down from about 104 Mha in 2012. 
Corn, soybeans, and wheat were expected to account for about 
89% of acreage utilization for the eight major field crops during 
this 10-year period, and the amount of acreage planted in corn 
was expected to remain high. Soybean planting likely would rise 
during the projection period as growth in domestic and foreign 
demand keeps prices high, which could result in higher profits 
for producers. Wheat plantings probably would decline as a 
result of weak demand. 

Continued high levels of domestic corn-based ethanol 
production and gains in exports were projected to keep demand 
for corn high. Most U.S. ethanol production used corn as a 
feedstock, with about 35% of total corn use expected to go to 
ethanol production through 2022. Smaller gains for corn-based 
ethanol were projected during the 10-year period than those 
of recent years (U.S. Department of Agriculture, Economic 
Research Service, 2013b, p. 56-89). 

In 2012, as a result of strong gains in domestic shale gas 
production, natural gas prices decreased by 31% to the lowest 
annual average price since 1999. Natural gas prices in the 
United States have typically been higher than those in the rest 
of the world, and lower natural gas prices made U.S. ammonia 
production more competitive with offshore imports. Depending 
on its price, natural gas can account for approximately 70% to 
8596 of the U.S. cash cost of producing ammonia. Favorable 
natural gas prices continued to provide North American 
producers with a delivered-cost advantage to domestic markets 
over most offshore suppliers, prompting the announcement of 
several regional expansions and potential greenfield nitrogen 
projects. The Middle East, North Africa, and Russia have 
large supplies of lower cost natural gas, which gave them a 
cost advantage in producing and exporting ammonia. Western 
Europe, Ukraine, and China have experienced rising natural 
gas prices, so producers in these regions were higher cost 
suppliers and played an important role in setting prices in the 
global marketplace (Potash Corp. of Saskatchewan Inc., 2013, 
p. 71). The U.S. Department of Energy projected that the Henry 
Hub natural gas spot price in the United States would average 
$3.69 million British thermal units (Btu) in 2013, a $0.94 
increase from the 2012 average, and $3.78 per million Btu in 
2014 (U.S. Energy Information Administration, 2013, p. 1). 

The future of U.S. ammonia production depends on the 
variability in natural gas prices. The United States is the world's 
leading importer of ammonia and the second ranked consumer. 
U.S. firms have favored constructing new plants in Trinidad and 
Tobago where natural gas prices were lower and the distance 
to the United States was shorter compared with other offshore 
exporters. However, recent low prices for natural gas in the 
United States have prompted some companies to upgrade 
or make plans to upgrade existing U.S. plants, while other 
companies are considering the possibility of constructing new 
nitrogen projects in North America. 
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TABLE 1 
SALIENT AMMONIA STATISTICS? 


(Thousand metric tons of contained nitrogen unless otherwise specified) 


2008 2009 2010 2011 
United States: 
Production 7,870 7,700 8,290 9,350 ? 
Exports 192 16 36 ' 26 
Imports for consumption 6,020 4,530 5,540 5,600 
Consumption, apparent? 13,500 12,300 13,800 14,900 
Stocks, December 31, producers 302 167 165 178 * 
Average annual price, free on board gulf coast dollars per short ton 590 251 396 531 
Net import reliance as a percentage of apparent consumption’ 42 38 40 37 
Natural gas price, wellhead, average price® dollars per thousand cubic feet 7.97 3.67 4.48 3.95 
World: 
Production 123,000 " 121,000 127,000 " 133,000 ' 
Trade” 15,500 14,400 16,000 16,600 


“Estimated. "Preliminary. ‘Revised. 

'Data are rounded to no more than three significant digits. 

"Synthetic anhydrous ammonia, excluding coke oven byproduct; data are for calendar year and are from the U.S. Census Bureau unless otherwise noted. 
"Source: U.S. Census Bureau and The Fertilizer Institute; data adjusted by the U.S. Geological Survey. 

*Source: The Fertilizer Institute; data adjusted by the U.S. Geological Survey. 

"Calculated from production plus imports minus exports and industry stock changes. 

Source: Green Markets. 

"Defined as imports minus exports; adjusted for industry stock changes. 

‘Source: Monthly Energy Review, U.S. Department of Energy. 

"Source: International Fertilizer Industry Association Statistics, World Anhydrous Ammonia Trade. 
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8,730 >“ 

31 
5,170 

13,900 " 

180 * 
579 

37? 
2.66 


136,000 
15,400 


TABLE 2 
ANHYDROUS AMMONIA SUPPLY AND DEMAND IN THE UNITED STATES! 


(Thousand metric tons of contained nitrogen) 


2010 2011 2012P 
Production: 
Fertilizer: 
January-June 3,550 4,090 3,860 
July-December 3,580 4,080 3,740 
Total 7,130 8,170 7,600 
Nonfertilizer: 
January-June 577 590 568 * 
July-December 585 590 567 * 
Total 1,160 1,180 1,140 * 
Grand total 8,290 9,350 ? 8,730 
Exports: 
January—June 28 13 19 
July-December 7 13 12 
Total 35 26 31 
Imports for consumption: 
January—June 2,630 2,880 2,580 
July-December 2,910 2,720 2,590 
Total 5,540 5,600 5,170 
Stocks, end of period: 
January—June 149 170 170 * 
July-December 165 178 * 180 * 
Apparent consumption: 
January-June 6,750 7,550 7,170 
July-December o wo 10 610. 
Total ШЕШШ 14.900 üY 1590 


“Estimated. PPreliminary. 
l a в е . 
Data are rounded to no more than three significant digits; may not add to totals shown. 


?Source: U.S. Census Bureau and The Fertilizer Institute; data adjusted by the U.S. Geological 
Survey. 


Source: The Fertilizer Institute; data adjusted by the U.S. Geological Survey. 
‘Calculated from production plus imports minus exports and industry stock changes. 


Source: U.S. Census Bureau. 


TABLE 3 
MAJOR DOWNSTREAM NITROGEN COMPOUNDS PRODUCED IN THE UNITED STATES"? 


(Thousand metric tons) 


ПРИ a о _____ А 


2011 2012" 
_ January-June — July-December Total January-June July-December BE —— 
Gross Nitrogen Gross Nitrogen Gross X Nitrogen "Gross Nitrogen "Gross Nitrogen Gross Nitrogen 
weight — content weight ^ content ^ weight ^ content ^ weight ^ content weight ^ content weight content 
Urea 2,840“ 1,300 — 2,590* 1,190 5,430° 2,490 2,730° 1,250 2,490“ 1,150 s220* _ 2400 
Ammonium nitrate —— 3490 — 1180 _ 3450 1170 6330 2350 3,605 1210 _ 3520 1190 7080 177 
Ammonium sulfate“ 1300 276 1480 313 2,780 589 1,650 350 1,550 329 3200 67 


*Estimated. PPreliminary. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
?Ranked in relative order of importance by nitrogen content. 

3Diammonium phosphate and monoammonium phosphate. 

^Excludes coke plant ammonium sulfate. 


Source: U.S. Census Bureau, Current Industrial Reports MQ325B, and The Fertilizer Institute; data adjusted by the U.S. Geological Survey. 
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TABLE 4 
DOMESTIC PRODUCERS OF ANHYDROUS AMMONIA IN 2012! 


(Thousand metric tons per year of ammonia) 


а" а Е ш on ——=—„. 


Сотрапу Location Capacity? 
Agrium Inc. Borger, TX 490 
Do. Kennewick, WA? 180 
CF Industries Holdings, Inc. Donaldsonville, LA 2,490 
Do. _ Port Neal, ТА 336 
Do. Verdigris, OK 953 
Do. Woodward, OK 399 
Do. Yazoo City, MS 454 
Coffeyville Resources Nitrogen Fertilizers, LLC Coffeyville, KS 375 
Dakota Gasification Co. Beulah, ND 363 
Dyno Nobel Inc. Cheyenne, WY 174 
Do. St. Helens, OR 101 
Green Valley Chemical Corp. Creston, IA 32 
Honeywell International Inc. Hopewell, VA 530 
Koch Nitrogen Co., LLC Beatrice, NE 265 
Do. Dodge City, KS 280 
Do. Enid, OK 930 
Do. Fort Dodge, IA 350 
LSB Industries, Inc. Cherokee, AL 159 
Do. Pryor, OK 210 
Mosaic Co., The Faustina (Donaldsonville), LA 508 
OCI North America Beaumont, TX 231 
PCS Nitrogen, Inc. Augusta, GA 644 
Do. Geismar, LA? 483 
Do. Lima, OH 535 
Rentech Energy Midwest Corp. East Dubuque, IL 278 
Total 11,800 
Do. Ditto. 


'Data are rounded to no more than three significant digits; may not add to total shown. 
"Engineering design capacity adjusted for 340 days per year of effective production capability. 


"Idle. 
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TABLE 5 


U.S. NITROGEN FERTILIZER CONSUMPTION, BY PRODUCT TYPE"? 


(Thousand metric tons of nitrogen) 


'Data are rounded to no more than three significant digits; may not add to 
totals shown. 


"Fertilizer years ending June 30. 

Ranked in relative order of importance by product type. 

“Principally urea-ammonium nitrate solutions, 29.9% nitrogen. 

“Includes other single-nutrient nitrogen materials, all natural organics, and 
statistical discrepancies. 


Various combinations of nitrogen (N), phosphate (P), and potassium (К): 
N-P-K, N-P, and N-K. 


Source: Slater, J. V. and Kirby, B.J., 2014, Commercial Fertilizers 2012: 
Columbia, MO, Association of American Plant Food Control Officials Inc. 
Fertilizer/Ag Lime Control Service, University of Missouri, 42 p. 
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Fertilizer material 2011 ' 2012 
Single-nutrient: 
Anhydrous ammonia 3,160 3,470 
Nitrogen solutions" 3,100 3,390 
Urea 2,530 2,620 
Ammonium nitrate 230 262 
Ammonium sulfate 284 289 
Aqua ammonia 3l 37 
Other 438 393 
Total 9,780 10,500 
Multiple-nutrient? 1,860 1,830 
Grand total 11,600 12,300 
"Revised. 
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ТАВГЕ 6 
U.S. PRODUCER STOCKS OF FIXED NITROGEN 
COMPOUNDS AT END OF PERIOD 


(Thousand metric tons of contained nitrogen) 


Material! 2011 2012 

Ammonia: 

January—June 170 170 * 

July-December 178 * 180 * 
Nitrogen solutions:” 

January—June 121 МА 

July-December NA NA 
Urea: 

January-June NA NA 

July-December NA NA 
Ammonium phosphates:” 

January-June NA * NA 

July-December NA NA 
Ammonium nitrate: 

January-June 22 NA 

July-December NA NA 
Ammonium sulfate: 

January-June 38 NA 

July-December NA NA 


Yearend total? NA NA 
*Estimated. NA Not available. 

'Ranked in relative order of importance. 

*Urea-ammonium nitrate and ammoniacal solutions. 
3Diammonium апа monoammonium phosphates. 

*Diammonium phosphates data withheld. 

Calendar year ending December 31. 


Source: U.S. Census Bureau, Current Industrial Reports 
MQ325B. 


TABLE 7 
PRICE QUOTATIONS FOR MAJOR NITROGEN COMPOUNDS AT END OF PERIOD 


(Dollars per short ton) 


2011 | 200 
_ Compound р June December June December 
Ammonium nitrate, free on board (f.o.b.) Сот Belt! _ 385-400 395-400 480 395—400 
Ammonium sulfate, f.o.b. Corn Belt! 360-380 365-375 375-425 380-420 


Anhydrous ammonia: 
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F.o.b. Corn Belt! 635-680" 670-710 625—730 760-820 
F.o.b. Gulf Coast 5507 62. (655 | 685 
Diammonium phosphate, f.o.b. central Florida 565-570' 540-575 490-500 490-520 
Urea: 
. F.o.b. Сот Belt,’ prilled and granular 505-520" 410—450 450-550 440-480 
F.o.b. Gulf Coast, granular” 490-495" 360-375 418—506 393-410 


"Revised. 
Illinois, Indiana, Iowa, Missouri, Nebraska, and Ohio. 
*Barge, New Orleans, LA. 


Source: Green Markets. 
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TABLE 8 


U.S. EXPORTS OF ANHYDROUS AMMONIA, BY COUNTRY! 


(Thousand metric tons of ammonia and thousand dollars) 


эг = мй ши шшш н PAESE SOS 


2011 


Country Gross weight 

Belgium | 
Сапада 21 
Israel (3) 
Когеа 4 
Singapore 3) 
Taiwan 1 
Other 5 
Total 32 


*Cost, insurance, and freight value. 
?Less than / unit. 


Source: U.S. Census Bureau. 


Value? 

185 
12,000 
201 
1,080 
128 

323 
1,450 
15,300 


TABLE 9 
U.S. IMPORTS OF ANHYDROUS AMMONIA, BY COUNTRY! 


2012 

Gross weight 
(3) 
30 


(Thousand metric tons of ammonia and thousand dollars) 


Value? 
161 
18,000 
517 
1,790 
214 
36 
959 
21,700 


m  ————— ái P! M SUPE НЕ EE 
Data are rounded to no more than three significant digits; may not add to totals shown. 


-- Zero. 


2011 2012 
Country Gross weight Value? Gross weight Value? 

Canada 1160 687,000 1130 768,000 
Egypt 162 86,400 49 21,500 
Estonia Zn 109 62,900 -- -- 
Russia 546 312,000 538 341,000 
Saudi Arabia 57 40,800 117 48,600 
Trinidad and Tobago 3,770 2,030,000 3,770 2,150,000 
Ukraine 588 342,000 303 204,000 
Venezuela 234 131,000 206 126,000 
Other 180 104,000 183 125,000 

Total 6,810 3,790,000 ~ 6300 3,780,000 


1 "A icc 
Data are rounded to no more than three significant digits; may not add to totals shown. 


^Cost, insurance, and freight value. 


Source: U.S. Census Bureau. 
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2011 2012 
Gross Nitrogen Gross X Nitrogen 
Compound weight content weight content Principal destinations in 2012 

Ammonium nitrate? 315 107 335 114 Canada, 76%; Mexico, 23%. 
Ammonium sulfate? 1,050 222 1,300 275 Brazil, 3596; Mexico, 15%; Peru, 14%; Canada, 9%. 
Anhydrous ammonia 32 26 38 31 Canada, 81%; Republic of Korea, 6%. 
Diammonium phosphate 3,940 708 3,630 653 India, 29%; Brazil, 1496; Mexico, 11%. 
Monoammonium phosphate 2,710 298 2,410 265 Canada, 34%; Brazil, 25%; Australia, 14%; Argentina, 10%. 
Urea 207 95 336 154 Canada, 90%; Mexico, 8%. 

Total 8,250 1,460 8,040 1,490 


TABLE 10 
U.S. EXPORTS OF MAJOR NITROGEN COMPOUNDS! 


(Thousand metric tons) 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
?Includes industrial chemical products. 


Source: U.S. Census Bureau. 


(Thousand metric tons and thousand dollars) 


TABLE 11 
U.S. IMPORTS OF MAJOR NITROGEN COMPOUNDS' 


2011 2012 
Gross X Nitrogen Gross Nitrogen 
Compound weight ^ content Value? weight ^ content Value? Principal sources in 2012 
Ammonium nitrate? 634 215 180,000 851 288 267,000 Canada, 40%; Georgia, 30%; Netherlands, 19%. 
Ammonium nitrate and 74 20 22,900 81 22 23,600 Netherlands, 34%; Lithuania, 23%; Croatia, 14%. 
limestone mixtures 
Ammonium sulfate? 300 64 68,200 249 53 74,900 Canada, 90%. 
Anhydrous ammonia* 6,810 5,600 3,790,000 6,300 5,170 3,780,000 Trinidad and Tobago, 60%; Canada, 18%. 
Calcium nitrate 34 6 6,160 39 7 7,040 Norway, 91%. 
Diammonium phosphate 260 47 155,000 92 17 52,500 Russia, 51%; Morocco, 29%. 
Monoammonium phosphate 598 66 377,000 477 52 277,000 Morocco, 36%; Russia, 35%; Canada, 16%; Mexico, 10%. 
Nitrogen solutions 3,500 1,050 1,130,000 3,010 900 990,000 Trinidad and Tobago, 26%; Russia, 23%; Canada, 12%; 
Lithuania, 12%; Romania, 9%. 
Potassium nitrate 115 16 77,400 159 22 123,000 Chile, 90%. 
Potassium nitrate and sodium 2 (5) 998 1 (5) 295 Chile, 6996; Canada, 30%. 
nitrate mixtures 
Sodium nitrate 92 15 29,800 152 25 73,700 Chile, 82%; Germany, 14%. 
Urea 5,860 2,600 2,690,000 6,910 3,170 3,370,000 Canada, 21%; Oman, 15%. 
Total 18,300 9,780 8,530,000 18,300 9,730 9,040,000 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


"Соз, insurance, and freight value. 
"Includes industrial chemical products. 
"Includes industrial ammonia. 

"Less than % unit. 


Source: U.S. Census Bureau. 
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ТАВГЕ 12 


AMMONIA: ESTIMATED WORLD PRODUCTION, BY COUNTRY"? 


Country? 
Afghanistan 
Algeria 
Australia 
Austria 
Bangladesh’ _______ 
Belarus 
Belgium 
Brazil 
Bulgaria 
Burma 
Canada‘ 
China" 
Croatia 
Cuba* 
Czech Republic 
Denmark 
Egypt 
Estonia 
Finland 
France 
Ses т 
Gema ______ 
Greece 
Hungary —0 0 
India? 
Indonesia 
Iran 
Iraq 
ау 
Ј арап“ 
Korea, North 
Kuwait 
Libya’ 
Lithuania’ 
Malaysia 


Mexico" 
Netherlands 
New Zealand 
Norway 
Oman 
Pakistan 
Peru 

Poland 
Portugal 
Qatar" 
Romania 
Russia 

Saudi Arabia 
Serbia 
Slovakia 
South Africa 
Spain 
Switzerland 
Syria 


See footnotes at end of table. 
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(Thousand metric tons, contained nitrogen) 


2008 
18 4 


260 
510° 
30° 
165 "^ 


2009 
22 ^ 
500 ' 


r 


370 
390 n4 
1,300 
829° 
830 ' 
NA‘ 
320 
30 
3,611 


42,290 


530 
472° 
МА ' 
861 ' 
МА ' 
125 
300 "4 
1,000 
2,350 


T 


1,600 " 
244 
1,828 ' 

40 ' 


10,441 * 
2,400 ' 


53 


2010 
21" 


30 
3,620 
40,870 
358 ^^ 
36 ' 
160 ^* 


r 


— 


3,000 
50" 
7854 

3,517 "° 

150 
2,677 
130° 
300 
11,500 
4,800 
2,500 
126 4 
460 
1,178 
100 
380 ' 
580 ' 
434 ' 
МА ' 
824 ' 
NA' 
120 ' 
300 "4 

1,700 "4 

2,400 

1,700 

244 

1,883 ' 

80 ' 
10,400 

2,500 ' 

84 
493° 
470 ' 


г 


30' 
169 "4 
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30 
3,946 
43,250 ' 
367 "^ 
45° 
189 "^ 


r 


3,500 ' 


r 


72 T,4 
3,500 ' 
145! 
2,821 ' 
130 ' 
300 
11,800 
5,000 
2,500 
143 54 
460 
1211" 
100 
520 ' 
n 
870 ' 
NA ' 
766 ' 
NA' 
120 ' 
300 ' 
1,700 
2,450 


r 


1.900 € 
244 
1,919 € 

160° 
10,400 ' 
2,800 ' 
132° 
487 "4 
470° 


T 


30 


85 г, 4 
d en Cu cepe и 


300 
12,000 
5,100 
2,500 
143 
2,365 * 
1,055 
100 
470 
79 
918 
МА 
880 
МА 
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TABLE 12—Continued 
AMMONIA: ESTIMATED WORLD PRODUCTION, BY COUNTRY"? 


(Thousand metric tons, contained nitrogen) 


( Comm 208 209 200 201 20° 


Taiwan gt ET ET: 
Tajikistan“ 23° —' —' 
Trinidad and Tobago“ 5,100 ' 4,946 5,553 
Turkey 50 100 200 ' 
Turkmenistan 270 270 270 
Ukraine 4,000 2,500 3,400 
United Arab Emirates" 380 380 392 
United Kingdom 1,100 1,100 1,100 
United States’ 7,870 7,700 8,290 
Uzbekistan 1,000 1,000 1,344 "4 
Venezuela 1,160 1,160 1,160 
Vietnam МА ' NA‘ NA' 
Zimbabwe 20 14 29 
Total 123,000 ' 121,000 ' 127,000 ' 


PPreliminary. Revised. NA Not available. -- Zero. 


! World totals, U.S. data, and estimated data have been rounded to no more than three significant digits; may not 


add to totals shown. 
“Includes data available through June 24, 2014. 


2011 2012 
5,444 ' 4,466 
200 ' 280 
270 280 
4,300 4,160 
386 ' 330 
1,100 1,100 
9,350 8,730 P 
1,294 "4 1,300 
1,200 ' 1,200 
МА ' МА 
26' 25 
133,000 € 136,000 


?In addition to the countries listed, Argentina, Brazil, Malaysia, Netherlands, and Vietnam produced ammonia, 


but available information is inadequate to make reliable estimates of output levels. 


“Reported figure. 

"Мау include nitrogen content of urea. 

$Data are for years beginning April 1 of that stated. 

"Synthetic anhydrous ammonia; excludes coke oven byproduct ammonia. 
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Domestic survey data and tables were prepared by Shonta E. Osborne, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


In 2012, peat produced in the conterminous United States was 
488,000 metric tons (t); output from Alaska was estimated to be 
93,100 cubic meters (L.A. Harbo, mineral specialist, Alaska 
Office of Economic Development, oral commun., 

July 19, 2013). World peat production for 2012 was estimated 
to be 25.5 million metric tons (Mt). The leading peat-producing 
countries were Finland, Ireland, Sweden, Belarus, Germany, 
Latvia, Russia, and Canada, in decreasing order of tonnage 
(table 9). 

The United States was a significant producer and consumer of 
peat for horticultural and industrial purposes. The types of peat 
are classified according to the degree of decomposed component 
plant material, with sphagnum moss being the least decomposed 
followed by hypnum moss, reed-sedge, and humus. 

Reed-sedge accounted for 78% of domestic peat production 
followed by sphagnum moss with 16% (table 4). Florida, with 
335,000 t, accounted for 6996 of U.S. peat production (table 3). 

Peat is a natural organic material of botanical origin and 
commercial significance. Peatlands are situated in wetland 
areas, primarily in the temperate and cold belt of the Northern 
Hemisphere, where large peat deposits developed from the 
gradual decomposition of plant matter under anaerobic 
conditions. The United States contains approximately 1596 of 
the world's peatlands by area (Lappalainen, 1996, p. 55). There 
are more than 400 million hectares (Mha) of peatlands on Earth, 
of which 80% remains undisturbed. Of the 80 Mha that have 
been used by humans, 50% has been used for agriculture; 30%, 
forestry; 1096, miscellaneous uses; and 1096, peat extraction. 
Peat continues to accumulate on 5596 of global peatlands; 
however, the volume of global peat resources has been 
decreasing at a rate of 0.0596 per year owing to human activity 
(Joosten and Clarke, 2002, p. 32-33). 


Production 


Domestic production data for peat were developed by the U.S. 
Geological Survey from a voluntary canvass of operations in 
the conterminous United States. Of the 38 operations to which 
a survey request was sent, 32 responded. Of the respondents, 
26 were active operations, 3 were idle, and 3 closed in 2012. 
Data for nonrespondents were estimated based on responses 
to the 2011 survey or other sources. Most peat operations are 
relatively small (producing less than 5,000 metric tons per 
year) and sell their products regionally. Peat production in 
the conterminous United States in 2012 was 488,000 t, about 
a 1496 decrease from that of 2011 (table 1). In 2012, 69% of 
domestic production came from just five operations (table 2). 
In the eastern region of the United States, peat production was 
reported to have decreased (table 3). Output from Alaska was 
estimated to be 93,100 cubic meters in 2012, according to the 
Alaska Department of Natural Resources, which conducted its 
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own survey of mineral production in the State (L.A. Harbo, 
mineral specialist, Alaska Office of Economic Development, 
oral commun., July 19, 2013). Peat production in Alaska was 
reported by volume only. 


Consumption 


Peat is widely used as а plant-growth medium in a variety 
of agricultural and horticultural applications where its fibrous 
structure and porosity enable a unique combination of optimum 
water-retention and drainage characteristics. Commercial 
applications include lawn and garden soil amendments, potting 
soils, and turf maintenance on golf courses. In industry, peat is 
used primarily as a filtration medium to remove toxic materials 
from process waste streams, pathogens from sewage effluents, 
and deleterious materials suspended in municipal storm-drain 
water. In its dehydrated form, peat is a highly effective 
absorbent for fuel and oil spills on land and water. 

Sales of domestic peat decreased by 1996 to 484,000 t in 2012 
from 595,000 t in 2011. Packaged products composed 16% of 
total domestic sales tonnage and commanded premium prices 
for all grades of peat. Apparent consumption was estimated to 
be 12% lower than that of 2011. Potting soil and general soil 
improvement mixes were the two leading usage categories, 
accounting for 91% of domestic sales tonnage and 84% of the 
volume (table 5). Other significant uses, by quantity of sales, 
included golf course applications, nursery applications, and 
seed inoculants. The United States imported 69% of its total 
consumption requirements, primarily from Canada, where 
deposits of high-quality sphagnum moss are extensive. Canadian 
peat was sold in bulk for blending in custom soil mixes and was 
packaged for horticultural use; however, a detailed distribution 
of Canadian imports was not available. Many of the soil 
blending facilities in the southern and western United States are 
owned by subsidiaries of Canadian peat producers and import 
much of their peat requirements. 


Stocks 


U.S. yearend stocks of peat increased by 6496 to 218,000 t 
in 2012 from 133,000 t in 2011 (table 1). Reed-sedge peat 
accounted for 78% of total stocks, followed by sphagnum moss, 
hypnum moss, and humus (table 4). 


Prices 


The total reported free on board (f.o.b.) value for domestic 
peat sold in the United States was about $12 million, according 
to the annual survey of domestic peat producers. The average 
unit value increased by 896 to $24.44 per metric ton compared 
with $22.73 per ton in 2011 (table 1). On an average unit-value 
basis, sphagnum moss was valued at $41.99 per ton, f.o.b. plant; 
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hypnum moss, $26.17 per ton; reed-sedge, $22.19 per ton; and 
humus, $11.51 per ton (table 7). 


Foreign Trade 


U.S. companies exported 76,000 t of peat (table 1). Imports 
of peat decreased by about 7% to 911,000 t from 982,000 t 
in 2011 (tables 1 and 8). The total customs import value was 
$237 million or $260.29 per ton. Imports of peat (sphagnum 
moss) from Canada decreased to 884,000 t, which represented 


97% of total United States imports and 91% of preliminary total 
Canadian production. 


World Review 


Finland, Ireland, Belarus, Germany, Sweden, Russia, Latvia, 
and Canada were the leading peat-producing countries, in 
decreasing order of tonnage. World peat production for 2012 
was estimated to be 25.5 Mt, about 8% lower than that of 
2011. Other significant producing countries included Estonia, 
Poland, and the Ukraine. Peat is an important source of energy 
in Finland, Ireland, and Sweden and to a lesser extent in Eastern 
Europe (table 9). 

Canada, —Production of peat (sphagnum moss) was 
estimated to have decreased to 973,000 t in 2012 from 1.14 Mt 
in 2011. New Brunswick, Quebec, Manitoba, and Alberta were 
the major producing Provinces, in decreasing order of tonnage, 
accounting for about 9396 of production. British Columbia, 
Newfoundland, Nova Scotia, Ontario, Prince Edward Island, 
and Saskatchewan also reported peat production (Natural 
Resources Canada, 2013). In 2012, favorable climatic conditions 
resulted in an increase in peat production in eastern Canada 
compared with the previous year. 

Ireland.—Bord na Móna P.L.C.'s peat harvest for 2012 was 
1.4 Mt, a shortfall of 6396 against the expected target, making 
2012 their worst harvest in 75 years. The 2012 summer had 
record-breaking rainfall during the peak harvesting season. The 
company was forced to cut jobs, reign in spending, and rely on 
its reserves to meet demand (Bord na Móna P.L.C., 2013, p. 4). 

Rwanda. —Rwanda signed а $283 million agreement with 
Hakan Mining and Generation Industry and Trade Inc. to set 
up a powerplant that would generate energy by burning peat. 
The project was to construct and operate a 100-megawatt 
powerplant, which would reach full operating capacity in 3 to 
5 years. The peat-to-power project would result in about a 90% 
increase in the total power generation of the country 
(Clover, 2012). 


54.2 


Google 


Outlook 


The domestic short-term peat situation will likely include 
steadily increasing Canadian imports and fluctuating domestic 
peat production. The number of domestic producers likely 
will continue to decline and remain dominated by large 
companies. Other factors, such as competition from organic 
soil amendments like coir (coconut fiber) and composted yard 
waste, Federal and State wetlands regulations, and restrictions 
on permitting new production sites likely will reduce or slow the 
growth of the domestic peat industry. Also, peatlands have been 
identified as carbon sinks, storing more carbon dioxide per unit 
hectare than any other ecosystem. Preservation of peatlands may 


become a high priority in the efforts to reduce greenhouse gas 
emissions. 
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TABLE | 
SALIENT PEAT STATISTICS! 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2008 2009 2010 2011 2012 
United States: 


Number of active producers 37 38 37 36 36 
Production 615 609 628 568 488 

Sales by producers: 

Quantity: 
| Bulk 546 559 554 535 406 
Packaged 102 85 51 60 78 
Total 647 644 605 595 484 
Value 17,100 15,000 14,800 13,500 11,800 
Average value dollars per metric ton 26.42 23.24 24.39 22.73 24.44 
Average value, bulk do. 24.73 22.06 24.28 22.12 25.37 
Average value, packaged or baled do. 36.24 31.01 26.48 28.14 19.65 
Exports 57° 77 69 49 76 
Imports for consumption 936 906 947 982 911 
Consumption, apparent" 1,440 1,440 1,560 1,500 1,320 
Stocks, December 31, producers' 152 149 100 133 218 
World, production 30,600" 28,800" 28,000' 27,900" 25,500* 


“Estimated. ‘Revised. do. Ditto. 

!Data are rounded to no more than three significant digits, except average values per metric ton. 

?Excludes Alaska. 

3Source: U.S. Census Bureau; data adjusted by the U.S. Geological Survey. 

* Apparent consumption equals U.S. production plus imports minus exports plus adjustments for industry stock changes. 


TABLE 2 
RELATIVE SIZE OF PEAT OPERATIONS IN THE UNITED STATES' 


Production 
Size Active operations (thousand metric tons) 
(metric tons per year) 2011 2012 2011 2012 
23,000 and more 5 5 420 336 
9,000 to 22,999 6 6 93 108 
5,000 to 8,999 5 4 35 25 
1,000 to 4,999 m 6 6 15 14 
Less than 1,000 14 15 4 4 
Total 36 36 568 488 


"Data are rounded to no more than three significant digits; may not add to 
totals shown. 
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ТАВГЕ 3 


U.S. PEAT PRODUCTION AND SALES BY PRODUCERS IN 2012, BY STATE! 


Sales | 
Active Production Quantity Value Percentage 
Region and State operations (metric tons) (metric tons) (thousands) packaged 
East: 
Florida 7 335,000 356,000 $7,270 4 
Other” 8 35,000 21,700 926 l | 
Тога! ог ауегаре 15 370,000 377,000 8,200 4 
Great Lakes: 
Minnesota 9 81,200 56,200 2,880 52 
Other 9 34,800 48,900 684 74 
Total or average 18 116,000 105,000 3,560 62 
West? 3 1,810 1,720 73 T 
Grand total or average 36 488,000 484,000 11,800 16 
-- Zero. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 

^Values for free on board producing plant. ( 
Includes Maine, New Jersey, New York, and Pennsylania. 

‘Includes Illinois, Indiana, Michigan, and Ohio. 

*Includes Iowa, Washington, and Wisconsin. 


TABLE 4 
U.S. PEAT PRODUCTION AND PRODUCERS' YEAREND STOCKS 
IN 2012, BY TYPE 
Yearend | 
Active Production^ Percentage of stocks” 

__ Type operations! (metrictons) production (metric tons) 

Sphagnum moss 9 76,000 16 W 
Hypnum moss 5 W W W | 
Reed-sedge 16 382,000 78 168,000 

Humus 5 W w | 3060 

Total? 36 488,000 100 218,000 


W Withheld to avoid disclosing company proprietary data; included in “Total.” 

'Some plants produce multiple types of peat. | 
?Data are rounded to no more than three significant digits. | 
ЗМау not add to totals shown. 
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TABLE 5 
U.S. PEAT SALES BY PRODUCERS IN 2012 BY TYPE AND USE! 


Sphagnum moss Hypnum moss 


Quantity Quantity 
Weight ^ Volume? Weight Volume 
(metric (cubic Value (metric (cubic Value 
Use tons) meters) (thousands) tons) meters) (thousands) 
Earthworm culture medium -- == m W W W 
General soil improvement 32,500 166,000 $1,070 W W W 
Golf courses W W W == = = 
Ingredient for potting soils W W W W W W 
Mixed fertilizers -- = is W у Ww 
Nurseries W W W at a с 
Packing flowers, plants, shrubs, etc. 2 - - E e m 
Seed inoculant -- za = = КА ЗА 
Vegetable growing -- -- = us á a 
Other W W W DS = s 
Total 53,300 293,000 2,240 W W W 
Reed-sedge Total 
Quantity Quantity 
Weight Volume Weight Volume 
(metric (cubic Value (metric (cubic Value 
tons) meters) (thousands) tons) meters) (thousands) 
Earthworm culture medium 23 50 $2 W W W 
General soil improvement 67,500 189,000 965 106,000 366,000 $2,150 
Golf courses W W W 24,800 144,000 1,900 
Ingredient for potting soils 310,000 694,000 6,410 333,000 750,000 7,090 
Mixed fertilizers -- -- -- W W W 
Nurseries W W W 2,990 13,800 192 
Packing flowers, plants, shrubs, etc. W W W W W W 
Seed inoculant W W W W W W 
Vegetable growing W W W W W W 
Other -- -- -- W W W 
Total 402,000 972,000 8,930 484,000 1,320,000 11,800 
W Withheld to avoid disclosing company proprietary data; included in "Total." -- Zero. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
оте of nearly all sphagnum moss was measured after compaction and packaging. 
Total includes humus; individual data withheld to avoid disclosing company proprietary data. 
TABLE 6 
AVERAGE DENSITY OF DOMESTIC PEAT SOLD IN 2012 
(Kilograms per cubic meter)! 
Sphagnum  Hypnum  Reed- 
moss moss  sedge Humus 
Вик 260 651 56l 759 
Раскаред 209 XX 447 648 
Bulk and packaged 238 657 541 757 
XX Not applicable. 
'To convert kilograms per cubic meter to pounds per cubic yard 
multiply by 1.685. 
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TABLE 7 
PRICES FOR PEAT IN 2012! 


(Dollars per unit) 


Sphagnum Нурпит Reed- 


moss moss sedge Humus Average 
Domestic: 
Bulk: 
Per metric ton 39.95 26.17 24.12 11.46 25.37 
Per cubic meter 10.40 17.09 5.05 873 5.68 
Packaged or baled: 
Per metric ton 45.35 NA 10.77 16.01 19.65 
Per cubic meter 6.96 NA 4.81 10.38 5.89 
Average: 
Per metric ton 41.99 26.17 22.19 11.51 24.44 
Per cubic meter 8.66 17.09 5.03 8.75 5.70 
Imported, total, per metric ton? XX XX XX XX 260.29 


МА Not available. XX Not applicable. 
'Prices are free on board plant. 
? Average customs value. 


TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF PEAT, BY COUNTRY! 


ncc ы з тс зш LL —————————— SS 


2011 ЕЕ 2012 | 

Quantity Value? Quantity Value? | 

Country (metric tons) (thousands) (metric tons) (thousands) | 
Belgium 120 $10 -- -- 
Сапада 954,000 219,000 884,000 $229,000 
Estonia 5,340 1,370 3,880 1,170 
Finland 265 113 739 346 
Germany 571 133 679 165 
India 170 93 122 78 
Ireland 1,330 440 780 249 

Latvia 16,700 4,970 16,000 4,910 | 

Lithuania 303 70 767 157 | 
Netherlands 1,160 522 2,110 469 
New Zealand 1,120 65 387 128 
Sweden 1,040 390 1,400 549 
Other Е 198 ' 170 ' 198 169 
Total 982,000 228,000 911,000 237,000 


"Revised. -- Zero. 
!Data are rounded to no more than three significant digits; may not add to 
totals shown. 


Customs value. | 


Source: U.S. Census Bureau. 
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TABLE 9 
PEAT: WORLD PRODUCTION, BY COUNTRY"? 


(Thousand metric tons) 


Argentina, horticultural use 12 8 6 654 6 
Australia? МА! NA‘ МА ' NA‘ NA 
Belarus: 
Horticultural use 395 * 272 241 ' 250 ' 250 
„вене Я _ 226 _ 233 2.9 300 — 
Тога! 2,756 2,488 2,593 3,164 "4 3,250 
Burundi, fuel use 10 11 13 gor 8 
Canada, horticultural use 1,151 1,131 1,262 1,139 "4 973 Р 
Denmark, horticultural изе“ 128 128 128 128 130 
Estonia: 
Horticultural use 520€ 532° 604 ' 567 ^^ 567 
Fuel use 213 328 ' 361° 360 "4 360 
Total 733 ' 860 ' 965 927 54 927 
Finland: 
Horticultural use 1,552 ' 876 ' 768 € 760 ' 760 
Fuel use 6,933 € 5,576 ' 4,032 ' 4,000 ' 4,000 
Тога! 8,485 6,452 4,800 € 4,760 ' 4,760 
France, horticultural изе" 200 200 200 200 200 
Germany, horticultural use 2,826 3,085 2,868 2,934 ^ 3,048 * 
Hungary, horticultural use* 90 85 ' 54° 24° 25 
Ireland:”° 
Horticultural use 500 500 500 500 500 
Fuel use 3,800 ' 3,800 ' 4,991 "4 3,707 "5 1,452 4 
Total 4,300 ' 4,300 ' 5,490 ' 4,210" 1,950 
Latvia, horticultural and fuel uses 923 ' 1,164 1,119" 1,379 ^^ 1,380 
Lithuania: 
Horticultural use 521 543 327 385 4 371 
Fuel use 15 15 15 15 15 
Total® | 536 ' 558 ' 342 ' 400 ' 386 
Moldova, fuel use* 475 475 475 475 475 
New Zealand, horticultural use? МА ' МА ' NA‘ МА " МА 
Norway, horticultural use* 438 * 423 ' 430° 440 ' 440 
Poland, horticultural and fuel uses 632 594 672 746 ^^ 736 
Russia, horticultural and fuel uses‘ 1,300 * 1,300 1,300 1,300 ' 1,300 
Rwanda, horticultural use* 6 19 19 19 19 
Spain" 60 S9 "4 65 "4 65 ' 60 
Sweden:* 
Horticultural use 1,260 ' 1,050 ' 1,100 € 1,420 € 1,420 
Fuel use 1,880 " 1,890 ' 1,950 ' 1,880 ' 1,880 
Тога! 3,140 € 2,940 ' 3,050 ' 3,300 ' 3,300 
Turkey 113 65 215 148 4 150° 
Ukraine, horticultural and fuel uses 558 691 597 736 "4 735 
United Kingdom | 1 1 1 l 
United States, horticultural use 615 609 628 568 4 488 4 
Grand total 30,600 ' 28,800 " 28,000 " 27,900 ' 25,500 
Of which: 
Horticultural use 10,200 ' 9,470 "€ 9,140 ' 9,340 ' 9,200 
Fuel use 15,700 ' 14,300 € 14,200 ' 13,400 "€ 11,200 
Unspecified 0 01 4,670' 5,010" — 4670 &w— 5190 ___ 5159 _ 


"Estimated. Preliminary. “Revised. NA Not available. 
World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


?Table includes data available through September 5, 2013. One cubic meter equals 0.8806 metric ton. 
За addition to the countries listed, Austria, Chile, Iceland, Italy, and Romania produced negligible amounts of peat. 


‘Reported figure. 
Зреа! is thought to be produced in Australia and New Zealand, but information is inadequate to estimate output. 


Fiscal year data. 
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РЕВШТЕ 


By Wallace P. Bolen 


Domestic survey data and tables were prepared by Joseph M. Krisanda, industry data analyst, and the world production 
table was prepared by Glenn J. Wallace, international data coordinator. 


In 2012, the amount of domestic processed crude perlite sold 
or used decreased by about 696 compared with that of 2011. The 
amount of expanded perlite sold or used decreased by about 
4% during the same period. Domestic production of processed 
crude perlite was 396,000 metric tons (t), down from 420,000 t 
in 2011 (table 1). The 458,000 t of expanded perlite sold or used 
in 2012 was about 3094 lower than the peak levels seen in 2004 
and 2005. 

Exports of crude processed perlite were estimated to have 
been about 38,000 t in 2012, increasing by about 5% compared 
with those of 2011. During 2012, imports of processed crude 
perlite decreased by 2296 to 150,000 t compared with those of 
2011. This decrease followed two consecutive years of increased 
perlite imports in 2010 and 2011. Imports reached a peak with 
record-high imports in 2006. Trade data in this report are from 
the U.S. Census Bureau and PIERS, a U.S. trade database 
compiled by the Journal of Commerce. World production of 
crude processed perlite, from 15 countries, was 3 million metric 
tons (Mt) in 2012 (table 4). This is about a 396 increase from the 
revised total of 2.9 Mt in 2011. Percentages in this report were 
computed using unrounded data. 


Production 


Domestic production data for perlite were compiled by the 
U.S. Geological Survey (USGS) from two voluntary annual 
surveys—one for domestic mine operations (processed crude 
perlite) and one for expanding plants. The expanding plants used 
domestic and imported processed crude perlite. The processed 
crude perlite in table 1 was produced by six companies with 
eight mines, all of which responded to the USGS survey in 
2012. According to data collected by the USGS, the 396,000 t of 
U.S.-processed crude perlite sold or used in 2012 was valued at 
$20.5 million. The total value of the processed crude perlite sold 
or used in 2012 decreased by 1396 compared with that of 2011. 
The 458,000 t of expanded perlite sold or used by domestic 
producers was valued at $142 million, a slight decrease in value 
compared with that of 2011 (table 1). 

The processed crude perlite reported in table 1 was mined in 
Arizona, Idaho, Nevada, New Mexico, and Oregon. The mines 
in Arizona, New Mexico, and Oregon accounted for most of 
the tonnage mined. Ore producers were, in alphabetical order 
by State, Harborlite Corp. in Arizona and New Mexico; Idaho 
Minerals, LLC in Idaho; EP Minerals, LLC and Wilkins Mining 
and Trucking, Inc. in Nevada; Dicaperl Minerals Corp. in New 
Mexico; and Cornerstone Industrial Minerals Corp. in Oregon. 

Perlite was expanded at 48 plants throughout the United States. 
In addition, five plants were reported as idle, including two 
of the larger expanding plants owing to sluggish demand for 
construction-related products. Production was consolidated at 
other locations until demand increased. Of the 48 active plants, 
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23 plant operators responded to the USGS survey, representing 
about 77% of the total expanded perlite sold or used. Production 
information for nonresponding companies was estimated using 
previously reported data, with adjustments based on currently 
reported production trends. The seven leading companies 
producing expanded perlite, each with production of more than 
15,000 metric tons per year, accounted for about 79% of the 
expanded perlite sold or used in the United States in 2012. The 
remaining 2196 was produced by 19 companies. 


Consumption 


In 2012, domestic apparent consumption of processed crude 
perlite was 508,000 t, a 1296 decrease compared with that of 
2011. This apparent consumption, the second lowest annual 
consumption in the past 23 years, reversed a 2—year trend 
of increasing consumption. The year with the lowest annual 
consumption during the same period was 2009. 

Expanded perlite consumed for construction-related uses, 
the major market for expanded material, was about 244,000 t, a 
decrease of about 6% compared with that of 2011. Construction 
uses of expanded perlite, which consisted of concrete aggregate, 
formed products, masonry- and cavity-fill insulation, and plaster 
aggregate, accounted for about 53% of total domestic sales 
of expanded perlite in 2012. Expanded perlite consumption 
increased for concrete aggregate, high-temperature insulation, 
masonry- and cavity-fill insulation, and plaster aggregate 
(table 3). Expanded perlite consumption decreased in five 
markets including the largest market, formed products, which 
decreased by about 1096 compared with that of 2011. 

Perlite was expanded, usually for local consumption, in 
27 States. The leading States, each with more than 20,000 t of 
expanded perlite sold or used were, in descending order, Illinois, 
Georgia, Pennsylvania, Minnesota, Michigan, Mississippi, 
Oregon, California, and Florida. These 9 States accounted for 
78% of the expanded perlite sold or used in the United States. 
The amount of expanded perlite sold or used by State was listed 
for those States with three or more companies expanding in each 
State; for other States, individual data were withheld to avoid 
disclosing company proprietary data (table 2). 


Prices 


Processed crude perlite was sold at an average value of 
$53 per metric ton, which was a 4% decrease compared with 
that of 2011. Perlite consumed by expanding plants operated by 
the mining companies was valued at $45 per ton, which was a 
22% decrease compared with that of 2011. The average value 
for all perlite sold or used by mining companies was $52 per 
ton, which was a 796 decrease compared with that of 2011. 
These changes in unit value were mostly a reflection of a large 
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decrease in quantity accompanied by a substantial decrease in 
unit value reported by one operation and not a trend that was 
reported across the industry. The average value of expanded 
perlite was $310 per ton, an increase of 3% compared with 
the revised $302 per ton in 2011. The range in reported prices, 
however, was wide—from about $125 per ton to more than 
$1,000 per ton. 

The average value of expanded perlite by use was, in 
descending order, low-temperature insulation, $572 per ton; 
horticultural aggregate, $471 per ton; masonry- and cavity-fill 
insulation, $469 per ton; filter aid, $443 per ton; fillers, $427 per 
ton; plaster aggregate, $425 per ton; concrete aggregate, 
$412 per ton; high-temperature insulation, $268 per ton; and 
formed products, $183 per ton (table 3). 


Foreign Trade 


The U.S. Bureau of Census reports perlite and vermiculite in a 
combined category. Because of this, the exact quantities of perlite 
exports and imports are not available and must be estimated based 
on information received from U.S. Bureau of Census and PIERS. 
The U.S. Bureau of Census data does contain information on the 
shipping ports, which can be useful in distinguishing between 
vermiculite and perlite, especially for exports. 

Exports of processed crude and expanded perlite, primarily 
to Canada, were estimated to be 38,000 t, about 5% more than 
those of 2011. Most of the perlite exported to Canada was 
horticultural-grade perlite and was commonly mixed with 
peat and other ingredients to produce potting soils. Canada 
has abundant peat resources and was a leading producer and 
exporter of potting soils. The Republic of Korea was probably 
the second largest recipient of U.S. exports, receiving an 
estimated 11,000 t in 2012, more than double the estimate for 
2011. Perlite was exported to approximately 30 other countries 
in 2012, but the average amount exported to most of those 
countries was less than 1,000 t. The value of exports could not 
be calculated based on available information, but the average 
prices quoted previously could be applied. | 

Imports of processed crude perlite, almost exclusively from 
Greece, decreased by 22% 10 150,000 t compared with those 
of 2011. S&B Industrial Minerals S.A. (Kifissia, Greece) was 
the primary supplier of processed crude perlite imports to the 
United States. Based on information from the U.S. Census 
Bureau, the average customs value of perlite imports from 
Greece in 2012 was estimated to be $107 per ton, a decrease 
of about 6% from that of 2011. Most imported perlite arrives 
through the ports of Brunswick, GA, Mobile, AL, Philadelphia, 
PA, and Wilmington, DE. After arriving at one of these ports, 
the perlite is shipped to expanding plants throughout the States 
east of the Mississippi River. 


World Review 


Based on available information, the United States was 
estimated to be the leading consumer of processed crude and 
expanded perlite in 2012 but was only the fourth or fifth ranked 
producer of crude perlite (depending on the levels in China). 
Greece and Turkey were estimated to have produced 800,000 t 
in 2012. Iran was estimated to have produced about 500,000 t. 
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The estimates for perlite production in Greece, Iran, and Turkey 
in recent years have been revised and are presented in table 4. 
Other leading producers of processed crude perlite were, in 
descending order, the United States and Japan. In 2012, 15 
countries produced 3 Mt of perlite, a 3% increase compared 
with the revised global production in 2011. Owing to a lack 

of reliable information, however, this total does not include 

all major producing countries, including China, which was 
probably one of the five leading producers in the world. 


Outlook 


Total consumption of processed and expanded perlite in 
the United States in 2013 was expected to increase slightly 
from the levels in 2012. As housing and office construction 
increases, as already seen in some areas of the United States, 
perlite consumption is likely to increase. Perlite imports in 2013 
were expected to increase from the levels in 2012. Although 
prices for crude processed perlite decreased in 2012, prices 
for expanded perlite increased. For 2013, the average price of 
expanded perlite is expected to remain at about the 2012 level, 
and processed crude perlite prices are expected to rebound and 
increase compared with prices in 2012. 

Perlite expanding plants, mostly in the eastern United States, 
continued to purchase imported perlite and imports offer strong 
competition to domestic perlite producers. Imported perlite 
has supplied about one-quarter to one-third of the demand for 
processed crude perlite in the United States during recent years, 
and that trend is expected to continue contingent upon the 
availability and cost of ocean freight. This strong competition 
from other countries is expected to continue in the coming years 
as domestic and foreign suppliers compete for market share amid 
fluctuating transportation costs, whether rail or ocean freight. 
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TABLE 1 
PERLITE MINED, PROCESSED, AND EXPANDED IN THE UNITED STATES! 


(Thousand metric tons and thousand dollars unless otherwise specified) 


СОО 208 209 à 200 201 202 
Peltemind) ___________________ 422 30 59 469 4l 
Processed crude perlite: 
Sold to expanders: 
Quantity 337 263 319 300 321 
Маше 16,400 13,100 16,500 16,600 17,100 
Average value dollars per metric ton 49 50 52 55 53 
_ Used at own plants to make expanded perlite: 
Quantity 98 85 95 120 75 
Value 4,450 4,000 5,090 6,990 3,400 
Average value dollars per metric ton 46 47 54 58 45 
Total, sold and used: 
Quantity 434 348 414 420 396 
/— Vale 20,800 17,100 21,600 23,600 20,500 
Average value dollars per metric ton 48 49 52 56 52 
Expanded perlite: 
Production, quantity 554 450 472 477 460 
Sold or used: | 
Quantity 548 439 471 475 458 
Value 153,000 132,000 143,000 144,000 ' 142,000 
Average value dollars per metric ton 279 302 304 302 ' 310 
"Revised. 
'Data are rounded to no more than three significant digits, except average value; may not add to totals shown. 
"Crude ore mined and stockpiled for processing. 
TABLE 2 
EXPANDED PERLITE PRODUCED AND SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE! 
| 2011 2012 
р Sold or used Е | Sold or used 
Average Average 
Production, value? Production, value? 
quantity Quantity Value (dollars per quantity Quantity Value (dollars per 
_ State (metric tons) (metric tons) (thousands) metric ton) (metric tons) _ (metric tons) (thousands) metric ton) 
California | 26,300 25,900 $10,100 388 24,600 24,500 $9,730 397 
Florida _ 25,500 25,400 7,900 310 23,700 23,600 7,460 315 
Michigan : 28,700 28,600 7,150 250 26,900 26,900 6,860 255 
Nevada T 13,200 31,100 5,850 446 14,600 14,500 6,520 449 
Pennsylvania TUM 41,000 41,000 9,390 229 49,000 48,900 10,400 212 
Other’ РЕМИ _342000 323,000 103,000 " 320 ' 321,000 319,000 101,000 316 
В Total or average 477,000 475,000 _ 144,000 ' 302 ' 460,000 458,000 142,000 310 
Revised. 


|| c RUE 
Dala are rounded to no more than three significant digits; may not add to totals shown. 
Average value is based on unrounded data and is rounded to the nearest dollar. 


Includes Arizona, Arkansas, Colorado, Georgia, Idaho, Illinois, Indiana, Louisiana, Maine, Massachusetts, Minnesota, Mississippi, Missouri, 
New Jersey, North Carolina, Ohio, Oklahoma, Oregon, Tennessee, Texas, Wisconsin, and Wyoming. 
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TABLE 3 


EXPANDED PERLITE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE! 


пишем ые еее eS 


1 . 
World totals, U.S. data, and estimated data аге rounded to no more than three sign 


2Unless otherwise stated, figures represent processed ore output. Table contains data available through July 2, 2013. 


?In addition to the countries listed, Djibouti started perlite production in 2009, and 
Morocco, Mozambique, and Russia are thought to have produced perlite, 


is inadequate to estimate output. 

^Crude ore. 

*Crude perlite screened and sold. 
Reported figure. 

TProcessed ore sold and used by producers. 


Algeria, Bulgaria, 
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but output is not reported, an 


China, Cyprus, 


2011 2012 
Average Average 
value? value? 
P ВЕНЫ Value (dollars per Quantity Value (dollars per 
EET = SCIT metric юп) (metric fons) (thousands) ^ metric ton) 
Fillers 72,100 30,900 re das 
: | 4 429 66,500 28 
Filter aid 46.200 ae “> 
У 19,800 429 45,700 20,200 443 
Formed products FE 251,000 48,000 ' 192 г 226,000 41,400 183 
High-temperature insulation 5,690 1,480 260 5,770 l 550 
Horticultural aggregate 64,800 29,600 457 64,400 30,300 a 
Low-temperature insulation 1,930 1,160 601 1 | 130 644 P. 
Masonry- and cavity-fill insulation 1,530 704 461 2,340 1,100 = 
Plaste 
оса aggregate s gus à са 11,500 4,910 425 
= ^ 1,320 404 306 
Unspecified 23,800 9,030 380 29,000 11,200 385 
Total or average 475,000 144,000 " 302' 458,000 142,000 310 
Revised. poa 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 
Average value is based on unrounded data and is rounded to the nearest dollar. 
Includes acoustic ceiling panels, pipe insulation, roof insulation board, and unspecified formed products. 
Includes absorbents, laundries, paint texturizers, and other miscellaneous uses. 
‘Estimated and reported data with specific use unknown. 
TABLE 4 
PERLITE: ESTIMATED WORLD PRODUCTION, BY COUNTRY" * 
(Metric tons) 
—— E 
Country? 2008 2009 2010 2011 — 2012 
Armenia 35,000 35,000 35,000 35,000 35,000. 
Australia" 6,500 ' 6,500 7,000 7,000 6,000 
Georgia 45,000 45,000 45,000 45,000 45,000 
Greece” 1,100,000 ' 862,935 ^9 760,000 ' 800,000 ' 800,000 
Hungary’ 67,000 82,000 ' 71,000 ' 70,000 ' 70,000 
Iran 600,000 ' 753,183 "6 — 547,618^5 500,000" 500,000 
Italy 60,000 60,000 60,000 60,000 60,000 
Japan 230,000 220,000 210,000 200,000 ' 200,000 
Mexico’ 43,180 ° 51,395 $ 31.778 * 30,750 ^^ 31,000 
Philippines 4,593 6 4,606 $ 4,756 É 6272" 6,300 
Slovakia 25,000 25,000 25,000 20,000 * 25,000 
South Africa 400 400 400 400 400 
Turkey" 551.266 "6 522,832" 545,585 "° 702.673 "$ 800,000 
United States? ' 434,000 348,000 414,000 420,000 396,000 
Zimbabwe 3,000 3,000 1,000 € Br NES 
Total 3210,000' 3,020,000" 2,760,000 ' = 2,900,000" 2,980,000 
"Revised. Pa 


ificant digits; may not add to totals shown. 


Iceland, 
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PHOSPHATE ROCK 


By Stephen M. Jasinski 


Domestic survey data and tables were prepared by Raymond I. Eldridge III, statistical assistant, and the world production 
table was prepared by Glenn J. Wallace, international data coordinator. 


Domestic and world phosphate rock production increased in 
2012 from those of 2011. U.S. production of phosphate rock 
was 30.1 million metric tons (Mt), a 7% increase from that of 
2011. World phosphate rock production was estimated to be 
215 Mt, a 7% increase from that of 2011. Reported domestic use 
of phosphate rock decreased to 27.3 Mt from 28.6 Mt in 2011 
because of lower production and export sales of phosphoric acid 
and phosphate fertilizers. This resulted in a significant increase 
in producer stocks of phosphate rock, which increased to 6.7 Mt, 
46% more than at yearend 2011 (table 3). World phosphate 
rock consumption was estimated to have been about the same 
as in 2011. U.S. apparent consumption decreased by 5% from 
32.0 Mt in 2011 to 30.4 Mt in 2012 (table 1). 

Phosphorus is an essential element for plant and animal 
nutrition and is consumed primarily as a principal component 
of nitrogen-phosphorus-potassium (NPK) fertilizers. Phosphate 
rock minerals are the only significant global resources of 
phosphorus. In this report (unless noted otherwise), phosphate 
rock production is reported in terms of marketable production, 
which refers to beneficiated phosphate rock with a suitable 
phosphorus pentoxide (P,O,) content for wet-process phosphoric 
acid or elemental phosphorus manufacturing. Percentages have 
been calculated using unrounded data. 

Domestic production of phosphoric acid for agricultural 
use in 2012 decreased to 7.89 Mt P,O, from 8.42 Mt in 2011. 
Combined production of diammonium phosphate (DAP) and 
monoammonium phosphate (MAP), the major fertilizer products 
manufactured from phosphoric acid, was 10.7 Mt, which 
was 7% lower than that in 2011. Combined exports of DAP 
and MAP, which were equivalent to about 4096 of domestic 
production, declined by 1096. (Fertilizer Institute, The, 2013). 


Production 


U.S. Geological Survey domestic phosphate rock production 
data were obtained from monthly and semiannual voluntary 
canvasses of all companies that mined phosphate rock. АП 
companies responded to the canvasses. In 2012, phosphate rock 
was produced at six mines in Florida, three in Idaho, and one 
each in North Carolina and Utah (table 2). 

The U.S. phosphate industry is concentrated in Florida in the 
counties of Hamilton, Hardee, Hillsborough, Manatee, and Polk. 
In 2012, the mines in Florida accounted for 65% of domestic 
annual production capacity. The Mosaic Company operated four 
mines, and CF Industries Holdings, Inc. and PCS Phosphate Co., 
Inc. each operated one mine (table 2). 

In Beaufort County, NC, PCS operated a large integrated 
production facility that included a mine, as well as animal feed, 
fertilizer, and phosphoric acid plants. 

In the Western Phosphate Field of Idaho, Montana, Utah, and 
Wyoming, four mines were active in 2012—three in Idaho and 
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one in Utah (table 2). In Idaho, phosphate rock was mined in 
Caribou County by Nu-West Industries, Inc. (a subsidiary of 
Agrium Inc., Calgary, Alberta, Canada), P4 Production, LLC (a 
subsidiary of Monsanto Co.), and J.R. Simplot Co. Simplot also 
operated the Vernal Mine in Uintah County, UT. 

Stonegate Agricom Ltd. (Toronto, Ontario, Canada) continued 
to develop the Paris Hills phosphate project in Bear Lake 
County in southeastern Idaho. The company planned to open an 
underground phosphate rock mine in a 1,010-hectare area where 
three mines operated intermittently during the 20th century. The 
Bloomington Canyon Mine operated from 1942 to 1943 and 
from 1973 to 1975, the Consolidated Mine operated from 1930 
to 1932, and the Paris Canyon Mine operated from 1917 to 1926 
(Jasinski and others, 2004). In December 2012, the company 
announced the completion of a feasibility study, which reported 
total measured and indicated mineral reserves of 16.7 Mt of 
marketable rock, with an average grade of 29.5% P,O,. The ore 
would not require beneficiation. Stonegate planned to have an 
average production of 904,000 metric tons per year (t/yr) for 
about 19 years. The company expected to receive its permits and 
begin mining by the end of 2014 (Green Markets, 2012). 


Consumption 


Phosphate rock was used primarily for production of wet- 
process phosphoric acid for fertilizer applications, which 
accounted for more than 90% of domestic consumption. 

The remainder was used for animal feed supplements, direct 
application to soil, and elemental phosphorus production. 
Domestic apparent consumption of phosphate rock was 

30.4 Mt compared with 32.0 Mt in 2011 (table 1). No sales of 
domestically mined phosphate rock were reported by producers. 

All phosphate rock mining companies were vertically 
integrated, having one or more fertilizer plants, usually located 
near the mine. Mosaic was the leading company with about 
56% of domestic phosphoric acid production capacity and 
13% of world capacity. In 2012, this company operated three 
wet process phosphoric acid plants and three fertilizer plants 
in Florida and one of each in Louisiana (Mosaic Company, 
The, 2013, p. 5). 

PCS had phosphoric acid and fertilizer production facilities 
near its mines in Florida and North Carolina. In Idaho, Simplot 
sent ore from its Smoky Canyon Mine by slurry Pipeline to its 
fertilizer plant in Pocatello, ID; Simplot sent ore by pipeline 
from the Vernal Mine in Utah to its plant in Rock Springs, WY. 

Two companies—Mississippi Phosphates Corp., Pascagoula, 
MS, and PCS Nitrogen, Inc., Geismar, LA—manufactured wet- 
process phosphoric acid using imported phosphate rock from 
Morocco. Mississippi Phosphates produced phosphate fertilizer 
products for domestic and export markets. PCS Nitrogen 
sold some merchant-grade phosphoric acid to Innophos 


Holdings, Inc., which had a nearby facility for upgrading into 
high-purity acid for technical- and food-grade applications 
(Innophos Holdings, Inc., 2013, p. 7). 

Monsanto operated the only elemental phosphorus plant in the 
United States in Soda Springs, ID. The company used elemental 
phosphorus to manufacture phosphorus trichloride, which was 
used as a chemical intermediary for the production of glyphosate- 
base herbicides (Monsanto Co., 2013, p. 8). In other countries, 
elemental phosphorus was used chiefly to manufacture high- 
purity phosphoric acid by burning the phosphorus in water, to 
what is known as thermal acid. Worldwide, there has been a 
gradual shift to manufacturing high-purity phosphoric acid from 
wet-process acid, which has lower production costs and none 
of the hazardous waste disposal issues that are associated with 
elemental phosphorus. Thermal acid, however, still accounts 
for more than 5096 of annual world production capacity of 
high-purity phosphoric acid, primarily in China. The only other 
operating elemental phosphorus facilities in the world were 
located in China and Kazakhstan. 

The United States is considered a mature market for phosphate 
fertilizers, with average annual consumption of slightly more than 
4.0 Mt from 1992 to 2012. Fertilizer consumption information 
is collected by the American Association of Plant Food Officials 
on a crop year (July 1 to June 30) basis. The most recent data, 
for crop year 2012 (July 1, 2011, to June 30, 2012), reported 
that consumption of P,O, consumed in fertilizers was 3.95 Mt 
compared with 3.90 Mt in 2011 (Slater and Kirby, 2014, p. 6). 


Transportation 


In Florida and North Carolina, crude phosphate rock ore was 
sent by slurry pipeline from the mines to the processing plants. 
The beneficiated phosphate rock was sent by conveyers to acid 
plants; all beneficiated phosphate rock was used internally to 
manufacture wet-process phosphoric acid. In central Florida, 
animal feed products, fertilizers, and phosphoric acid were sent 
by rail to domestic customers or to the Port of Tampa for export. 
The Port of Tampa handles the largest volume of fertilizer 
materials in the United States. 

In northern Florida, PCS transported its fertilizer products 
by rail to consumers; some materials, however, were sent by 
rail to the PCS port facility at Morehead City, NC, for export. 
PCS transported products from its Aurora, NC, complex to the 
Port of Morehead City by barge for export or delivery by rail 
to domestic consumers. Phosphoric acid producers along the 
Gulf of Mexico received imported phosphate rock by ship and 
transported their products by barge on the Mississippi River and 
‘ts tributaries ог by rail to domestic consumers. In Idaho and 
Utah, phosphate rock was transported to the processing facility 
from the mine via rail, slurry pipeline, and truck. 


Prices 


i llected through the semiannual canvass of 
Price d the value of phosphate rock used for 
producers of phosphoric acid and elemental phosphorus. The 
реза“ f преране rock sold or used in the United States 
total e à o% from that of 2011 (table 1). Unlike many other 
н кА К no standard domestic or world price for 
minera i 
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phosphate rock exists. Ranges of average world prices based 
on a sample of transactions were published in various industry 
trade journals. The average unit value of $144.04 per metric ton 
of imported phosphate rock was determined based on the U.S. 
Census Bureau customs value and included cost, insurance, and 
freight (table 1). 


Foreign Trade 


U.S. producers reported no exports of phosphate rock in 
2012 (table 1). The United States is the leading importer of 
phosphate rock in the world. In 2012, about 65% of imported 
phosphate rock was from Morocco with the rest from Peru. 

А! imported phosphate rock was consumed by phosphoric 
acid producers located along the Gulf of Mexico—Mississippi 
Phosphates (Mississippi), Mosaic (Louisiana), and PCS 
Nitrogen (Louisiana). In 2012, U.S. imports were estimated to 
be 3.08 Mt, based on data from the U.S. Census Bureau and 
PIERS, a commercial database reporting on waterborne trade 
activity. Tonnage and value information for some phosphate 
rock imports into Louisiana was not reported by the U.S. 
Census Bureau, which necessitated the use of another source 
of information. U.S. import tonnage of other phosphate 
fertilizers was insignificant compared with exports of the same 
materials (tables 5—7, 9). 

The United States is the leading exporter of phosphate | 
fertilizers in the world, accounting for about 2596 of world P.O, | 
contained in processed phosphate exports in 2012. In total, | 
exports of phosphoric acid and phosphate fertilizers decreased | 
by 10%, in terms of P,O, content (Fertilizer Institute, The, 

2012). India was the leading destination for U.S. phosphate 
exports (tables 5—7). 


World Review 


World production of phosphate rock increased by 7% 
in 2012 compared with that of 2011. China (95.3 Mt), the 
United States (30.1 Mt), and Morocco (27.1 Mt) were the 
leading producing countries, accounting for 71% of the world 
total (table 10). In 2012, much of the activity in phosphate 
rock exploration and expansion took place in Africa and 
Australia. Major projects were under development in Morocco 
(capacity expansion), Namibia (new offshore mining operation), 
and Saudi Arabia. New mines were under various stages of 
development in Angola, Congo (Brazzaville), Guinea-Bissau, 
Mali, Mozambique, and Uganda. Expansion of production 
capacity was planned in Egypt, Senegal, South Africa, 
Togo, and Tunisia. Other new mines and expansion of new 
facilities outside of Africa were ongoing in Brazil, Canada, 
China, Finland, Kazakhstan, New Zealand, Peru, and Russia 
(Fertilizer International, 2012). | 

Australia.—In October 2012, Minemakers Ltd. sold p 
share of the Sandpiper Marine Phosphate project in que id | 
to Mawarid Mining LLC of Oman, in order to paid P хм 
development of the Wonarah Phosphate project in the an A 
Territory of Australia. Minemakers began a feasibility S an 
2012 for the Wonarah project based on using the я А 
process (IHP) to manufacture phosphoric acid. The | ate 
kiln, similar to elemental phosphorus production, to ma 
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phosphoric acid. It eliminates the need for grinding and flotation 
to process the ore and does not produce phosphogypsum as a 
byproduct. The company planned to conduct pilot testing of the 
IHP in Florida at the demonstration plant of JDCPhosphate, Inc., 
the owner of IHP (Minemakers Ltd., 2013, p. 3-11). 

Canada.—Arianne Phosphate Inc. continued development 
of the Lac à Paul Project in Northern Quebec. An enhanced 
prefeasibility study was completed in May 2012 that showed 
measured and indicated resources of 348 Mt of apatite with 
an average grade of 6.5% P,O, that could be upgraded to а 
38% P,O,. Arianne expected production to average 3 Mt/yr of 
concentrate for 17 years of projected mine life. The company 
expected a feasibility study to be completed in 2013 and mining 
to begin in 2016 (Arianne Phosphate Inc., 2012). 

Namibia.—Development of the offshore Sandpiper Marine 
Phosphate project continued in 2012. The project was owned 
by Namibian Marine Phosphate (Pty) Ltd. (ММР), a joint 
venture between UCL Resources Ltd. (Australia), Mawarid 
Mining LLC (Oman), and Tungeni Investments cc (Namibia). 
The NMP project was 60 kilometers off the coast of Namibia 
and encompassed about 7,000 square kilometers. The company 
planned to dredge phosphate sediments at depths of 180 to 
300 meters, which would be pumped to a processing plant 
onshore near Walvis Bay. NMP reported proven and probable 
reserves of 133 Mt, with an average grade of 20.4% P,O.. 

In 2013, the company planned to conduct ore processing 
tests and complete an environmental management plan 
(Fertilizer International, 2012). 

Russia.—JSC Acron, through its North-Western Phosphorus 
Co. subsidiary, began mining at the Oleniy Ruchey deposit in 
the Murmansk region. The mine has a production capacity of 
1 Мууг of concentrate with an average grade of 39% Р.О. and 
the company planned to increase capacity to 2 Mt/yr in 2018. 
The deposit had reported reserves of 255 Mt, with an average 
grade of 13.47% Р.О; (JSC Acron, 2013). 

Saudi Arabia.—In 2012, Saudi Arabian Mining Company 
(Ma'aden) announced that it would begin development of 
the Wa'ad Al-Shammal project, which would include a new 
phosphate rock mine at Umm Wu'al to exploit the Al-Khabra 
deposit. The 5.3-Mt/yr mine would supply a new 1.5-Mt/yr P.O, 
phosphoric acid plant. Ma’aden expected to complete the project 
by 2017 (Fertilizer International, 2013). 


Outlook 


World phosphate rock production capacity is projected 
to increase by 6% to 260 Mt/yr in 2017 from 245 Mt/yr in 
2014. The increase will be from a combination of new mines 
and expansion of existing operations. The bulk of the new 
capacity will be in Africa, Asia, and the Middle East (Fertilizer 
International, 2013). U.S. production capacity will likely remain 
the same or decrease slightly through 2015, depending on 
whether three new mines under development in Florida are able 
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to receive permits to operate. Three new mines are planned in 
Idaho, but two would be as replacements for existing mines and 
would not significantly change domestic production capacity. 
The projected increases in annual production capacity for 
phosphate rock will supply the associated increase in phosphoric 
acid and fertilizer production. World population growth ensures 
the need for phosphate fertilizer to grow crops for food and 
biofuels. According to the International Fertilizer Industry 
Association, world consumption of P,O, in fertilizer is projected 
to increase slightly over the next several years to 45 Mt in 2017 
from 41.4 Mt in 2012. Phosphoric acid production capacity is 
expected to increase gradually to 63.7 Mt P,O, in 2017 from 
52.8 Mt P,O, in 2012 (Heffer and Prud'homme, 2013). 
Domestic production and consumption of phosphate rock 
in 2013 are expected to be slightly higher than those in 2012, 
owing to a projected increase in phosphoric acid production. 
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TABLE 1 
SALIENT PHOSPHATE ROCK STATISTICS! 


(Thousand metric tons and thousand dollars unless otherwise specified) 


Sar e peko a a БЛ. ЕЕ нанео =з 


T2008 209 (0200 __ 28 _ 2X. 
United States: 
Marketable production: 
Quantity: 
Gross weight 30,200 26,400 25,800 28,100 30,100 
P,O; content 8,590 7,640 7,400 8,160 8,590 
Value 2,320,000 3,360,000 1,980,000 — 2,720,000 3,080,000 
Value, average" dollars per metric ton 76.76 127.19 76.69 96.64 102.54 
Sold or used by producers: 
e weight 28,900 25,500 28,100 28,600 27,300 
Р.О; content 8,200 7,380 8,000 8,320 7,120 
Value 2,210,000 — 3,250,000 2,210,000 2,850,000 2,620,000 
Value, average dollars per metric ton 76.64 127.22 78.50 99.61 96.12 
mption^ >“ 
pcena m eig 2,750 2,000 2,400 3,350 3,080 
Value, cost, insurance, and freight" 266,000 161,000 211,000 392,000 444,000 
Мајџе, амегаре dollars per metric ton 96.95 80.61 87.79 116.88 м 
Consumption, gross weight? 31,600 27,500 30,500 32,000 30 
Stocks, December 31, producers 6,340 8,120 5,620 4,580 | Та 


*Estimated. 'Revised. 


!Data are rounded to no more than three significant digits, except 


? Average value based on the sold or used values. 
Sources: U.S. Census Bureau and PIERS. 

^Includes some estimated phosphate rock tonnage importe 
5Expressed as sold or used plus imports. 
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average values per metric ton. 


Morocco but not reported by the U.S. Census Bureau. 
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TABLE 2 
ACTIVE PHOSPHATE ROCK MINES IN THE UNITED STATES IN 2012 


Owner Mine County and State 

CF Industries Holdings, Inc. South Pasture Hardee, FL. 
Mosaic Company, The Four Corners Hillsborough/Manatee/Polk, FL. 

Do. Hookers Prairie Polk, FL. 

Do. South Fort Meade Do. 

Do. Wingate Manatee, FL. 
Nu-West Industries, Inc. (Agrium Inc.) Rasmussen Ridge Caribou, ID. 
P4 Production, LLC. (Monsanto Co.) South Rasmussen Do. 
PCS Phosphate Co., Inc. Aurora Beaufort, NC. 

Do. P Swift Creek Hamilton, FL. 
Simplot, J.R., Co. Smoky Canyon Caribou, ID. 

Do. Vernal Uintah, UT. 
Do. Ditto. 

TABLE 3 


PRODUCTION OF PHOSPHATE ROCK IN THE UNITED STATES, BY PERIOD! 
(Thousand metric tons and thousand dollars) 


Mine production, 


crude ore Marketable production, beneficiated 
Р.О: P20; Ending stocks, 
Period Rock content Rock content Value? rock 
2011: 
January-June 60,900 6,400 13,800 4,010 1,390,000 4,860 
July-December 68,400 6,950 14,300 4,160 1,330,000 4,580 
___ Total _ _ 129,000 _ 13,300 28,100 8,160 2,720,000 XX 
2012: 
January-June — 71,900 7,430 14,500 4,150 1,500,000 5,570 
July-December 78,500 8,160 15,600 4,440 1,580,000 6,700 
Total 150,000 15,600 30,100 8,590 3,080,000 XX 
XX Not applicable. 


! Data are rounded to no more than three significant digits; may not add to totals shown. 


TABLE 4 
PHOSPHATE ROCK SOLD OR USED BY PRODUCERS 
IN THE UNITED STATES, BY PERIOD! 


(Thousand metric tons and thousand dollars) 


P205 
_ Репод Коск content Value? 
2011: | | 
_ January-June 13,600 3,910 1,300,000 
July-December 15,000 — 4410 1,550,000 
. Total 28,600 8,320 2,850,000 
2012: — ИШЕ 
 Janury-jun _ — 13200 3,760 1,280,000 
__Јију-Ресетђег ___ 14,100 3,960 1,340,000 
_ Total 27,00 7,720 2,620,000 


Data are rounded to no more than three significant digits; may not 
add to totals shown, 


2 А 
Free on board mine. 
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TABLE 5 
U.S. EXPORTS OF DIAMMONIUM PHOSPHATE"? 


(Thousand metric tons and thousand dollars) 


2011 2012 
Country Quantity Value Quantity Value 

Argentina 128 62,800 179 92,000 
Australia 102 61,100 147 78,200 
Brazil 303 181,000 521 242,000 
Canada 213 41,000 134 46,100 
Colombia 96 58,800 123 63,000 
India 2,100 1,240,000 1,060 557,000 
Japan 169 102,000 209 110,000 
Kenya 25 15,000 96 47,400 
Mexico 189 99,100 406 134,000 
Peru 71 37,600 130 65,400 
Other 535' 290,000" 618 304,000 

Тога! 3,940 2,190,000 3,630 1,740,000 


"Revised. 


!Presentation of annual data is based on the top 10 quantities (gross weight) of 
the leading countries in 2012. 


?Data are rounded to no more than three significant digits; may not add to totals 
shown. 


Source: U.S. Census Bureau. 


TABLE 6 
U.S. EXPORTS OF MONOAMMONIUM PHOSPHATE" 


(Thousand metric tons and thousand dollars) 


56.6 


2011 
Country Quantity Value 

Argentina 267 161,000 
Australia 252 153,000 
Brazil 841 491,000 
Canada | 906 585,000 
Colombia 156 95,700 
Japan 99 60,400 
Mexico p 69 36,100 
Peru | 11 6,750 
South Africa -- -- 
Venezuela (3) 5 
Отег B | 111"  55,900 ' 

Total 2,710 1,650,000 


"Revised. -- Zero. 


2012 


Quantity Value 


245 123,000 
340 176,000 
597 306,000 
824 473,000 


113 52,200 
109 54,600 
68 35,600 
15 7,870 
34 17,600 
24 12,800 
37 18,200 


2,410 1,280,000 


| presentation of annual data is based on the top 10 quantities (gross weight) of 


the leading countries in 2012. 


раја are rounded to no more than three significant digits; may not add to totals 


shown. 
3Less than ^ unit. 


Source: U.S. Census Bureau. 
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TABLE 7 
U.S. EXPORTS OF PHOSPHORIC ACID'? 


(Thousand metric tons and thousand dollars) 


2011 2012 
Country Quantity Value Quantity Value 
Argentina 32 17,300 25 13,300 
Brazil 92 47,000 104 43,000 
Canada 17 5,030 22 6,530 
India 588 272,000 540 221,000 
Mexico NEN 220 65,200 93 27,400 
Other 5 1,430 4 96,600 
Total 954 408,000 788 408,000 


'Excludes superphosphoric acid tonnage. 
?Data are rounded to no more than three significant digits; may not add 
to totals shown. 


Source: U.S. Census Bureau. 


TABLE 8 
U.S. EXPORTS OF ELEMENTAL PHOSPHORUS’ 


2011 2012 
Quantity Value? Quantity Value? 

Country _ (metric tons) (thousands) (тегіс tons) (thousands) 

Brazil 11,600 $41,200 15,700 $54,100 
Canada 1,120 3,800 865 2,790 
Mexico | | 14 26 58 
Netherlands —  — 303 575 2,440 5,010 
Other 43 ' 112€ 45 108 
Total Е . 13,100 45,700 19,100 62,000 


"Revised. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
*Free alongside ship values. 


Source: U.S. Census Bureau. 
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TABLE 9 
U.S. IMPORTS FOR CONSUMPTION OF PHOSPHATE ROCK AND 


PHOSPHATIC MATERIALS! 


(Thousand metric tons and thousand dollars) 


2011 EC XS 
Phosphatic material Quantity Value? Quantity Value? 
Phosphate rock: 

Unground? 2,450 345,000 2,170 326,000 
Ground" | 402 62,900 385 74,900 
Total” и 3,350 392,000 3,080 444,000 
Dicalcium phosphate 7 10,800 7 11,200 
Elemental phosphorus EN 5 18,700 11 43,000 
Normal superphosphate 4 1,580 1 337 
Triple superphosphate 207 113,000 209 104,000 
Diammonium phosphate 260 155,000 92 52,500 
Monoammonium phosphate 598' 358,000" 477 268,000 
Fertilizer containing nitrates and phosphates 2 895 3 1,320 
Phosphoric acid 1 185 2 598. 

"Revised. 


!Data are rounded to no more than three significant digits. 

?Declared cost, insurance, freight values. 

3Some phosphate rock tonnages and values were not reported by the U.S. Census Bureau. 
41 cludes an estimate for tonnage data not reported by the U.S. Census Bureau. 


Sources: U.S. Census Bureau and the PIERS. 
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TABLE 10 
PHOSPHATE ROCK AND BASIC (THOMAS CONVERTER) SLAG: WORLD PRODUCTION, BY COUNTRY"? 


(Thousand metric tons) 


Gross weight 


Р.О; content 


Commodity and country? 2008 2009 2010 2011* 2012* 2008 2009 2010 2011* 2012* 
Phosphate rock: EN 
Algeria 1,805 1,070 1,525 1290^* 1,251 4 542 * 305 * 458 * 386 ' 375 
Ausirafist 2,950 2,500 2,600 2,650 2,600 678 575 600 610 600 
Brazil, concentrate 6,727 6,084 6,192 6,738 "4 6,740 4 2,472 2,163 2,179 2,374 "4 2,388 4 
Canada? 1,000 ° 990 ' 980" 1,100' 900 370 ' 360 ' 360 ' 400 ' 330 
Chile: 
Apatite 21 11 9 14 73 94 7 3 3 4" 33 
Guano 3 2 1 253 [7 МА МА МА МА МА 
Phosphorite 17 1 41 -- ' 6 NA NA NA -- " МА 
China 50,700 60,200 68,000 81,0004 95,300 15,200 18,000 20,400 24,0004 28,500 
Colombia B 27 47' 45 ' 45! 30 8 14' 14' 14' 9 
Egypt, beneficiated 5,523 6,627 3,435 4,746 °* 6,236 * 1,657 1,868 ' 1,030 ' 1,400 ' 1,684 * 
Finland 780 ' 650 817" 870 "4 870 260 ' 225' 289 ^* 307 ' 307 
India? 1,220 1,230 1,240 1,250 1,260 631 640 645 650 655 
Indonesia* 1 l | 1 1 (5) (5) (5) (5) (5) 
Iran? EE 330° 540 € 210' 98 "^ 100 37 ' 62 ' 24° 11' 11 
Iraq, beneficiated 1" 30° 139° 122 "4 250 (5) 7 10" 42° 31% 75 
Israel ————— 3,088 2,697 3,135 3,1054 3,513 4 850 * 740 * 860 * 850 960 
Jordan 6,266 ' 5,282 ' 6,529 7,623 "4  6,383^ 2,002" 1,690" 2,090" 2,300 "4 1,900 4 
Kazakhstan“ 1,226 * 1,225 * 1,600 1,600 1,600 280 280 350 350 350 
Kora,Noth 947 ' 947 ' 947 ' 947 ' 947 ' 300 ' 300 ' 300 ' 300 ' 300 
_ Mexico 968 1,443 1,507 1,691 ^* 1,7254 291 433 452 507 54 517 4 
_“Мбгоесб 24,8617" 18,307" 26,603"  28,052"4 27100“ 8,000" 6,000 ' 8,500" 9,200 9,000 
Pakistan m 4 30 ' 88 ' 127 54 82 ^ І 5" 16° 23 "4 15 4 
Peru ey = > 2,4707 . 2,9540^^ 2.5604 = - 741° 762 ^^ 768 ^ 
Philippines 2 2 2 3* 3 | | | 14 1 
Russia" 10,400 9,500 11,000 11,000* 10,000 3,800 3,500 4,000 4,000 ' 3,700 
Saudi Arabia О > 1007 1,0007 1,000" 2,000 > 15' 330° 330 ' 960 
Senegal 645 949 ' 1,0797 141154 1,3814 180 283 ' 312" 362 ^^ 363 4 
South Africa 2,287 2,237 2,494 2,565"4 2,2424 858 839 935 962 ^* 841 ^ 
Sri Lanka 42 36 48 48 49 15 © 14 * 18 < 18 18 
Зупа 2,629 ' 2,128 ' 3,167 ' 3,541 ^* 1,534 ^ 789 ' 740 ' 950 ' 1,062 "4 460 ^ 
Tanzania 29 20° 177 18 ' 18 9 6' 5' 5T 5 
Thailand 4 1" 36° 3 "4 2" | (5) 11' 1: 14 
_ Торо 842 726 695 ' 866 "4 1.1104 303 260 250° 310° 400 
Tunisia, washed 7,692" 7398 7,281 3,350" 2,7624 — 2230** 2,140° 2110 1,000: 800 
United States _  .. 30200 26400 25800 28100“ 30,1004 8,590 7,640 7,400 8,1604 8,5904 
Uzbekistan — mE 600 600 800 800 800 140 140 187 ' 187 ' 187 
Venezuela‘ mM 400 400 400 400 400 115 115 115 115 115 
Vietnam | 2,101 2,047 2325' 2,395"4 23654 630 614 680 720 "5 710 4 
Zimbabwe, concentrate’ 21^* 20" 63 ' 60 ' 20 7* 6' 20" 19 * 6 
Total 166,000 — 162,000 184,000" 201,000' 215,000 21,300 ^ 50,0007 56,7007 61,700" 65900 
Basic (Thomas converter) slag:* 
апе mm 50 50 50 50 50 8 8 8 8 8 
_ Luxembourg i 475 475 475 475 475 70 70 70 70 70 
Total 525 525 525 — 535 ^ 805 ^ T7 зз n в у 
‘Estimated. ‘Revised. NA Not available. — Zero. Мас 
World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes data available through September 9, 2014. Figures are from official country sources where available. 
In addition to the countries listed, Burkina Faso, Nauru, and Nigeria had produced phosphate rock, but available information is inadequate to make reliable 
estimates of output levels, 
"Reported figure. 
Less than 4 unit. 
"Includes production from Western Sahara. 
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PLATINUM-GROUP METALS 


By Patricia J. Loferski 


Domestic survey data and tables were prepared by Paula R. Neely, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


In 2012, Stillwater Mining Co. (SMC) (Billings, MT), 
the only domestic mine producer of platinum-group metals 
(PGMs), recovered PGMs from its Stillwater Mine southwest 
of Nye, MT, and its East Boulder Mine south of Big Timber, 
MT. In 2012, world mine production of PGMs totaled 
451,000 kilograms (kg), an 896 decrease from that of 2011. 
Part of the decline was owing to extended workers' strikes in 
the PGM mining sector in South Africa, which turned violent 
and resulted in the loss of many lives. Unrest continued beyond 
yearend, a result of rivalries between two different workers’ 
unions (Yager and others, 2012). 

In 2012, the automobile industry continued to be a major 
consumer of PGMs. Autocatalysts accounted for approximately 
81% of global rhodium consumption, 67% of palladium 
consumption, and 40% of platinum consumption. Jewelry was 
the second leading use of platinum in 2012, accounting for 35% 
of global consumption (Johnson Matthey plc, 2013, p. 23-30). 

The Defense Logistics Agency, Strategic Materials reported 
no PGM sales from U.S. Government stockpiles in 2012; 18 kg 
of iridium and 261 kg of platinum remained in the stockpile. 
Palladium stocks were exhausted in 2004. 


Production 


Primary.—During 2012, SMC’s palladium and platinum mine 
production decreased slightly to 12,300 kg and 3,670 kg, 
respectively, and mine production of rhodium decreased by 2094 
to 124 kg. The Stillwater Mine produced 9,020 kg of palladium 
and 2,740 kg of platinum, slight decreases compared with 
production in 2011. The East Boulder Mine produced 3,297 kg 
of palladium and 933 kg of platinum, increases of 4% and 3%, 
respectively. SMC milled 1.08 million metric tons (Mt) of ore 
from the mines, slightly less than that of 2011. In 2012, the 
Stillwater and East Boulder Mines processed an average of 
1,840 and 1,230 metric tons per day of ore, respectively, 994 less 
for the Stillwater Mine and 8% more for the East Boulder Mine 
relative to the rates in 2011. Average PGM mill head grades 
were 19 grams per metric ton (g/t) at the Stillwater Mine and 
12 g/t at the East Boulder Mine. Mill recovery of PGMs was 
about 92% at the Stillwater Mine, unchanged from 2011, and 
about 90% at the East Boulder Mine, slightly higher than that in 
2011 (Stillwater Mining Co., 2013, p. 31, 58—59). 

Progress continued on SMC's three development projects, 
the Blitz, Far West, and Graham Creek projects. A new 
tunnel-boring machine was in place at the Blitz project on 
the east side of the Stillwater Mine, and 7,000 meters (m) of 
advancement was expected to be completed during the next 5 or 
6 years. About 780 kg of PGMs were expected to be produced 
annually from the Blitz project. At the Graham Creek project, 
west of the East Boulder Mine, tunnel boring had advanced 
1,980 m by yearend 2012; completion of the full 2,500 m of 
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advancement was expected during the first half of 2013 and 
initial production was expected in early 2015, with about 930 kg 
of PGMs produced annually. A second expansion project at the 
Stillwater Mine, known as the Far West project, was identified. 
The Far West project contained higher grade ore than the rest of 
the Stillwater Mine, and was expected to accelerate the increase 
in annual mine production and to contribute an additional 

1,400 kilograms per year (kg/yr) of PGMs from the Stillwater 
Mine by 2016 (Stillwater Mining Co., 2013, 17, 68—69). 

At yearend 2012, SMC reported proven and probable reserves 
in its Montana operations of 46.1 Mt of ore with an average 
grade of 14 g/t of PGMs and containing about 667,000 kg of 
palladium and platinum, with an in-situ palladium-to-platinum 
ratio of about 3.58 to 1. SMC's proven and probable reserves of 
PGMs in its Montana operations are contained in the J-M Reef, 
an ore body within the layered mafic and ultramafic igneous 
rocks of the Stillwater Complex (Stillwater Mining Co., 2013, 
p. 16-17). 

SMC had a 3-year agreement, effective in January 2011, to 
supply General Motors Corp. (Detroit, MI) monthly deliveries 
of fixed quantities of palladium. In 2012, SMC signed a 
l-year agreement with Tiffany & Co. (New York, NY) to 
supply platinum during 2013. SMC also had 1-year agreement 
to supply palladium and platinum to Johnson Matthey plc 
(London, United Kingdom) and BASF (Florham Park, NJ) 
and a month-to-month supply agreement with Ford Motor Co. 
(Detroit). Based on SMC's expected production for 2013 of 
15,600 kg of PGMs, nearly all of mined palladium and about 
74% of mined platinum production was committed under supply 
agreements for 2013 (Stillwater Mining Co., 2013, p. 31). 

In 2012, PGM exploration continued at several locations in 
the United States; the most advanced projects were in the Duluth 
Complex of Minnesota. Duluth Metals Ltd. (Toronto, Ontario, 
Canada) released an updated mineral resource estimate for the 
Twin Metals LLC [a 60:40 joint venture between Duluth Metals 
and Antofagasta plc (London)] copper-nickel-PGM project. 

The Twin Metals project, planned as an underground mine, was 
in the prefeasibility stage and included three deposits in close 
proximity: the Birch Lake, Maturi, and Spruce Road deposits. 
Updated estimates indicated that Twin Metals was one of the 
world's largest PGM deposits outside of South Africa with total 
indicated resources of 395,000 kg and 174,000 kg of palladium 
and platinum, respectively, at the three deposits and inferred 
resources of 236,000 kg and 109,000 kg of palladium and 
platinum, respectively, at the Birch Lake and Maturi deposits. 
The inferred resource estimate does not include the Spruce Road 
deposit. Through December 2012, Twin Metals had invested 
more than $160 million in exploration and project development 
activities (Twin Metals Minnesota LLC, 2012). 


PolyMet Mining Corp. (Hoyt Lakes, MN) expected a draft 
environmental impact statement on the NorthMet deposit to be 
published for public comment by the first quarter of 2013. The 
NorthMet deposit was expected to produce 3,300 kg/yr of gold, 
palladium, and platinum (PolyMet Mining Corp., 2012). 

Secondary.—In 2012, PGMs were recycled from three main 
sources—autocatalysts, electronics, and jewelry. In North 
America, an estimated 56,300 kg of PGMs were recovered 
from catalytic converters, which was about 59% of the world 
total but slightly less than that in 2011. The amount of PGMs 
recovered from catalytic converters decreased by 2196 in Europe 
to about 22,300 kg, and increased by 5% in Japan. The increase 
for Japan was the result of recovery following the devastating 
earthquake and tsunami in 2011 and a re-introduction of a 
Government subsidy for fuel efficient vehicles. In the rest of 
the world, recycling of autocatalysts increased substantially but 
total quantities remained far below those of Europe, Japan, and 
North America. 

The global recovery of platinum from recycled autocatalysts 
was 35,100 kg, a 9% decrease in 2012 from that of 2011, a 
result of lower platinum prices and weakness in the European 
car market. About 311 kg of platinum was recovered from 
electronics recycling in 2012, which was the same amount 
recovered in 2011. About 27,700 kg of platinum was recovered 
from the jewelry industry globally, an increase of 10% 
compared with that of 2011 (Johnson Matthey plc, 2013, 

р. 21-22). 

Globally, about 51,600 kg of palladium was recovered from 
autocatalysts in 2012, a slight decrease compared with that of 
2011. Recovery of palladium from electronics totaled 13,400 kg, 
а 10% decrease compared with that of 2011 and recovery from 
the jewelry industry was about 5,910 kg, a 996 decrease. In 
2012, recovery of rhodium from autocatalysts decreased by 6% 
to 8,060 kg (Johnson Matthey plc, 2013, p. 21-22). 

SMC's recycling program recovered 13,800 kg of PGMs 
in 2012, a 996 decrease compared with that of 2011, owing 
to lower availability of scrap material in the market. SMC 
produced 8,040 kg, 4,820 kg, and 989 kg, respectively, of 
recycled palladium, platinum, and rhodium, which were | 
decreases of 596, 14%, and 9%, respectively, compared with 
amounts recovered in 201] (Stillwater Mining Co., 2013, 


p. 9. 23). 


Consumption 


omestic palladium consumption was estimated to 

ры kg, m decrease from 79,300 kg in 2011. 

For the following discussion, PMG sales are considered to be 

r consumption. 

A im ОВА еа sales were 308,000 kg in 
2012, about 16% more than those 1n 201 1. About 6796 of | 

alladium was used by the autocatalyst industry, about 12 yo by 
У е tronics industry, and about 5% each by the chemical 
ak em | industries and as investment. The remainder was 
e мана and others industries. Global palladium use in 
ул sts reached an alltime high in 2012 for the second 
mor ear owing to greater global vehicle production, an 
iun palladium-to-platinum ratio in autocatalysts for 


pd: and an increase in Japanese vehicle production 


diesel vehicles, 
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following the earthquake and tsunami in March 2011 (Johnson pa 
Matthey plc, 2013, p. 35-40). [0 
Palladium use in autocatalysts worldwide increased by 7% pri 
to 206,000 kg in 2012 compared with 2011 consumption. Bi 
Consumption in the North American autocatalyst sector or 
increased to 56,500 kg, 17% more than that of 2011 owing to (0 
increased auto production. Palladium consumption in the M 
European market was 45,300 kg, a slight decrease relative to 
that of 2011. Consumption in the Chinese and Japanese pl 
autocatalyst industries was 39,000 kg and 24,400 kg, f 
respectively, which were increases of 9% and 15%, respectively, 
compared with those of 2011. Palladium consumption for d 


autocatalysts in the rest of the world increased slightly to у 
40,600 kg (Johnson Matthey plc, 2013, p. 35-40). i 

Global palladium consumption by the jewelry industry was | 
13,800 kg, а 12% decrease compared with that of 2011. China 
remained the leading user of palladium for jewelry, with 54% | 
of world consumption in that sector. However, demand in the 
Chinese jewelry sector decreased by 21% relative to that of 
2011 owing to a lack of marketing of palladium jewelry, a lack 
of perceived value by consumers, and price volatility in recent 
years. Consumption in Europe was 2,020 kg of palladium, an 
8% increase relative to that of 2011, and consumption in North 
America and Japan was 1,400 kg and 2,180 kg, respectively, 
about the same as that in 2011. Consumption in the rest of the 
world remained the same at about 780 kg (Johnson Matthey plc, 
2013, p. 37-38). 

World palladium consumption in dental alloys was 16,500 kg 
in 2012, down slightly from consumption in 2011. Japan and 
North America each accounted for about 42% of the global 
consumption in this sector. The chemical industry consumed 
16,500 kg of palladium in 2012, a 20% increase from that 
in 2011, owing to increased consumer demand for end | 
products that use chemicals that required palladium in their 
manufacturing. In the chemical industry, palladium was used as 
a catalyst in manufacturing bulk chemicals, including hydrogen 
peroxide, nitric acid, terephthalic acid, and vinyl acetate 
monomer, which in turn were used in the production of many 
resins, plastics, and polyester and polyethylene terephthalate for 
use in textiles and packaging. Consumption of palladium by tne 
electronics industry was 37,300 kg in 2012, which was a 13% 
decrease compared with that of 2011. The majority of demand 
for palladium in the electronics sector was for multilayer - 
ceramic capacitors (MLCCs), which have widespread use In 
electronic circuitry. However, palladium use in this sector Ne 
decreasing owing to substitution by nickel and copper and to 
thrifting. Use of palladium for electronic plating, 1n contrast, 
was strong, owing partly to the lower price of palladium 
relative to gold, for which palladium T for some 

lications (Johnson Matthey, 2013, p. 25—27). | 
E demand for palladium returned in 2012 following 
a major liquidation late in 2011 following price eed " 
Total investment demand was 14,600 kg in 2012. Hol ot 3 
exchange-traded funds (ETFs), including а new one launc 

| d 2012, about 

2012 in Canada, were about 62,200 kg at yearen 2012, the 
14% more than holdings at yearend 2011. At yearend xd ^ 
U.S. Mint was planning to reissue a solicitation y a y Ма 
explore the feasibility of producing an American 228 
K—2012 
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palladium bullion coin. Ап independent study to determine 
potential demand for palladium bullion coins prior to their 
production was mandated under the American Eagle Palladium 
Bullion Coin Act of 2010, Public Law 111—303, and the 
original contract had been canceled in December 2011 owing 
to problems in the procurement process (Gilkes, 2012; Johnson 
Matthey plc, 2013, p. 40). 

Platinum.—In 2012, U.S. apparent consumption of refined 
platinum was estimated to be about 167,000 kg, a 37% increase 
from the apparent consumption of 121,000 kg in 2011. 

In 2012, global platinum sales totaled 250,000 kg, a slight 
decrease compared with sales in 2011. About 40% of the total 
was sold to the autocatalyst industry, about 35% to the jewelry 
industry, and about 694 each to the chemical industry and to 
investors. The remainder was used in other industries including 
electrical, glass, and medical and biomedical. Worldwide use 
of platinum in the autocatalyst sector increased slightly to 
100,800 kg in 2012 compared with that in 2011 as a result of 
an increase in light-duty vehicle production. Light-duty vehicle 
production and the market share of diesel vehicles decreased 
in Europe, whereas light-duty vehicle demand increased in 
India, Japan, and the United States. The market share of diesel 
vehicles increased in India. Autocatalyst consumption in Europe 
was about 41,400 kg of platinum in 2012, which was 129^ less 
than that of 2011, and accounted for about 41% of total global 
consumption. The market share of platinum-heavy, light-duty 
diesel vehicles in Europe decreased to less than 50% in 2012 
from 52% in 2011. Consumption in the autocatalyst sector 
of North America was 12,600 kg, a 9% increase from 2011 
owing to increased sales of diesel pick-up trucks and heavy 
duty trucks, stimulated by increased construction, new housing 
starts, and retail sales. In Japan, platinum consumption in the 
autocatalyst sector was 18,700 kg, about 20% more than that of 
2011 owing the recovery of the Japanese auto industry following 
the earthquake and tsunami in 2011. In China, consumption 
of platinum in the autocatalyst sector was 3,270 kg, about the 
same as that in 2011. Elsewhere, consumption of platinum for 
autocatalysts increased by 13% in 2012 because of growth 
in light duty vehicle output in India and Thailand (Johnson 
Matthey plc, 2013, p. 23-25). 

In 2012, global consumption of platinum in the jewelry 
industry was 86,500 kg, 1296 more than that of 2011, owing 
to the lower average price of platinum relative to that of gold. 
Consumption in North America was 5,750 kg, about the same 
as that of 2011. Consumption in China, the leading consumer, 
accounting for 7096 of global consumption of platinum for 
jewelry, increased by 1696. Consumption in Europe was 396 
more than that in 2011, consumption in Japan was about the 
same, and consumption in the rest of the world increased by 
1676 to 4,510 kg (Johnson Matthey plc, 2013, p. 25-27). 

_ Global use of platinum in the chemical sector was 14,000 kg 
in 2012, 496 less than that of 2011. The leading use for platinum 
in this sector is for the production of silicones and other 
chemicals such as terephthalic acid used in the production of 
polyester fabric and plastic containers. Platinum use in the 
petroleum refining industry decreased by 594 to 6,220 kg in 
2012. Worldwide consumption of platinum in electrical 
applications was about 5,130 kg in 2012, 28% less than that of 
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2011 owing to lower demand for hard disk drives. About 95% 
of electrical consumption of platinum comes from manufacture 
of hard disks, but new technologies that do not need PGMs are 
replacing hard disks (Johnson Matthey plc, 2013, p. 28—29, 50). 

Platinum equipment was used in the glassmaking industry 
because of its high melting point and resistance to corrosion. 
Platinum use in the glass industry decreased by 65% to 5,600 kg 
in 2012, owing to use of platinum from decommissioned 
plants and existing inventories, and to over-expansion in 2011. 
Consumption in the medical and biomedical sector was 
7,310 kg, which was slightly more than that in 2011. 
Consumption in other end uses increased by 6% to 10,600 kg 
relative to that of 2011, including automotive sensors, coating 
of aircraft turbine blades, and spark plugs (Johnson Matthey plc, 
2013, p. 29, 50). 

Global investment demand for platinum decreased slightly 
to 14,200 kg relative to that in 2011. А new ETF was launched 
in Hong Kong in November 2012 and global ETF holdings at 
the end of 2012 totaled 51,300 kg of platinum, 1396 more than 
that at yearend 2011. On August 9, the U.S. Mint released its 
2012 platinum American Eagle coin. The 1-ounce coins were 
99.95% pure platinum, had a face value of $100, and were 
the fourth in the 6-year Preamble series commemorating core 
concepts of American democracy. The coins were emblematic 
of the principle “provide for the common defence" and depicted 
a minuteman from the Revolutionary War. The Mint planned to 
produce a maximum 15,000 coins (Johnson Matthey plc, 2012; 
2013, p. 34—35; U.S. Mint, 2013). 

Other PGMs.—Global rhodium consumption in 2012 was 
30,000 kg, 6% more than that of 2011. A majority of rhodium 
use, 81% in 2012, was in the production of autocatalysts. In 
2012, rhodium use in autocatalysts was 24,300 kg, 995 more 
than that of 2011 and the highest level since 2007, mainly owing 
to increased automobile production in Japan and North America. 
Use of rhodium in the glass manufacturing sector decreased 
by 60% to 964 kg owing to excess flat-panel glass production 
capacity and a delay in new capacity additions. Consumption of 
rhodium in the chemical sector increased by 1396 to 2,520 kg 
in 2012 owing to increases in acetic acid and oxo-alcohol 
manufacturing capacity in Asia. Use by the electrical sector 
was 187 kg, about the same as that in 2011, and use in other 
applications increased by 74% from that of 2011, to 2,050 kg 
because of increases in investment demand in ETFs and 
rhodium bars in Europe (Johnson Matthey plc, 2013, p. 41). 

Global consumption of ruthenium decreased by 32% to 
21,100 kg in 2012 from that in 2011. The consumption of 
ruthenium in electrical applications decreased by 3094 to 
11,700 kg, as a result of decreased consumption in the hard disk 
industry owing to a change in consumer technology preference 
to tablets and smartphones from desktop and laptop computers. 
Electrochemical use was 4,040 kg, the same as that in 2011; use 
in the chemical sector was 3,140 kg, a 64% decrease, which was 
back to the historical level of consumption after an anomalously 
large amount in 2011; and consumption in other applications 
increased by 2876 to 2,300 kg (Johnson Matthey plc, 2013, p. 42). 

Global consumption of iridium decreased to 5,540 kg in 
2012, 46% less than that of 2011. Use in the electrical sector 
decreased by 78% to 1,310 kg as a result of decreased demand 
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for iridium crucibles which are used in the electronics industry 
to grow high-purity single crystal sapphires for use in various 
applications, including in the production of light-emitting diode 
lights (Johnson Matthey plc, 2013, p. 42). 


Prices 


In 2012, the Engelhard annual averages prices for palladium, 
platinum, rhodium, and ruthenium were lower by 1276, 10%, 
37%, and 32%, respectively, from those of 2011. The 2012 
average annual price for iridium was 3% higher than that of 
2011 (table 1). 

Iridium.—The annual average iridium price in 2012 was 
$1,066.23 per troy ounce, which was 396 higher than that of 
2011. The iridium price began the year at $1,085 per troy ounce, 
where it remained until mid-February. The price then decreased to 
$1,075 per troy ounce and remained at about that level until early 
August. The price then decreased to $1,050 per troy ounce where 
it remained for the rest of the year. The price decreases were 
believed to be the result of weak industrial purchasing of iridium. 

Palladium.—The annual average palladium price in 2012 was 
$649.27 per troy ounce, which was 12% less than that of 2011. 
Palladium prices began 2012 at $671 per troy ounce, decreased 
to $620 per troy ounce in early January and then increased 
to $718 per troy ounce in early February, likely as a result of 
electricity supply concerns in South Africa and strong demand. 
The price then decreased steadily to $581 per troy ounce in 
mid-August. The price increased sharply to $706 per troy ounce 
in early September owing to supply concerns related to labor 
unrest in South Africa. The price decreased until the end of 
October when it reached $597 per troy ounce, before increasing 
steadily to $705 per troy ounce at yearend. | | 

Platinum.—\n 2012, the annual average platinum price 
was $1,555.39 per troy ounce, which was 10% less than that 
of 2011. Throughout the year, daily platinum prices followed 
a trend similar to those of palladium. Platinum began the 
year at $1 „411 per troy ounce, increased steadily reaching the 
year’s high of $1,7 31 per troy ounce in late February. Prices 
then decreased steadily to $1,405 per troy ounce in late May 
and remained around this level until mid-August, when prices 
rose steadily, reaching $1,718 per troy ounce in early October. 
Though fluctuating, prices trended downward through yearend, 
ending the year at $1,524 per troy ounce. Platinum prices were 


above those for rhodium for the first time since early 2004 and 
below those for gold t 


hroughout most of the year. 

‚и. —The annual average rhodium price in 2012 was 
$ режира ні» ounce, which was 37% less than that of 2011. 
The rhodium price began the year at $1,400 per troy ounce, 
increased to $1,540 per troy ounce tn mid-February in response 

ly concerns caused by the workers' strike in South 
Aion ^ then decreased steadily to $1,080 per troy ounce 
i atl September. The price spiked to $1,385 per troy ounce 
um as tember in response to concerns about supply from 
aer pec and then decreased steadily to $1,080 per troy 
hn at pide The latter price was believed to be the result 
ou 
i pes AGUNT average ruthenium price in 2012 

К ч - troy ounce, which was 32% less than that 
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ounce, and then increased to $130 per troy ounce in early 
February where it remained until mid-March owing to increased 
industrial purchasing. The price then decreased continuously 
to $90 per troy ounce in November, where it remained until 
yearend, its lowest level in 3 years. 


Foreign Trade 


In 2012, the U.S. net import reliance as a percentage of 
apparent consumption was estimated to be 80% for refined 
palladium and 98% for refined platinum. Imports of refined 
palladium in 2012 totaled 80,100 kg, a 19% decrease from 
those of 2011, with three countries accounting for about 70% of 
refined palladium imports in 2012— South Africa (29%), Russia 
(28%), and the United Kingdom (13%). Imports of platinum, 
including waste, scrap, and coins, increased by 33% in 2012 
to 172,000 kg, from 129,000 kg in 2011. Excluding waste and 
scrap, three countries accounted for 7396 of imports of platinum 
in 2012— South Africa (42%), the United Kingdom (17%), and 
Germany (14%). Refined imports of other PGMs decreased 
by 1796 in 2012 compared with those of 2011. Imports of 
rhodium decreased slightly, and those of iridium and ruthenium 
decreased by 56% and 24%, respectively. In contrast, imports of 
osmium in 2012 totaled 130 kg, an increase of 171% compared 
with those in 2011. Three countries accounted for 91% of the 
imports of other PGMs in 2011—South Africa (64%), the 
United Kingdom (19%), and Germany (8%) (tables 2, 3). 

About 32,000 kg of palladium was exported in 20 12, about 
the same amount as that of 2011. Exports of platinum, including 
waste and scrap, decreased by 28% to 93,400 kg, and exports 
of rhodium decreased by 2496 compared with exports in 2011. 
Exports of iridium, osmium, and ruthenium increased by 42% 
during the same time period (table 4). 


World Review 


In 2012, world mine production of PGMs decreased by 8% 
to 451,000 kg from 488,000 kg in 2011 (table 5). South Africa 
accounted for 5896 of total mine production in 2012; Russia 
accounted for 2696, Zimbabwe accounted for 596, and Canada 
and the United States each accounted for 4%. In 2012, world 
platinum mine production decreased by about 9%; South Africa 
produced 133,000 kg of platinum, a 10% decrease from that 
in 2011, and accounted for 73% of world production. Global 
mine production of palladium decreased by 6% to 200,000 kg, 
with Russia and South Africa accounting for 41% and 37%, 
respectively, of production, and Canada and the United ae 
accounting for 6% each. World mine production of other P i 5 
(iridium, osmium, rhodium, and ruthenium) decreased by 7% 
in 2012 compared with that of 201 1. South Africa was the е 
dominant producer, accounting for 78% of global production 
other PGMs. 

р 2012, OJSC ММС Norilsk Nickel eril 
Russia) produced 2,610 kg of palladium and 435 kg Viren 
as byproducts from its nickel operations at the Tati Pads 
quantities were about 24% and 17%, respectively. E 
production in 2011 (OJSC MMC Norilsk Nickel, 2 m 

Canada.—SMC continued to make progress on its am 
PGM-copper project in Ontario. SMC, through its 500510187 
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Stillwater Canada Inc., submitted an environmental impact 
statement. SMC owns 75% of the Marathon project and the 
remaining 25% is owned by Mitsubishi Corp. (Tokyo, Japan). 
The Marathon project was expected to produce 6,200 kg/yr of 
platinum and palladium. No timeframe estimate was given for 
startup of operations (Stillwater Mining Co., 2012). 

North American Palladium Ltd. (Toronto) produced 5,100 kg 
of palladium and 348 kg of platinum from its Lac des Isles Mine 
in Ontario, increases of 1296 and 22%, respectively, compared 
with production in 2011. A new mine shaft was expected 
to be commissioned in 2013 allowing increased access to 
higher-grade underground ore (North American Palladium Ltd., 
2013, p. 10-18). 

Vale Inco Ltd. (Toronto) produced 7,810 kg of palladium and 
4,170 kg of platinum as byproducts of its nickel operations at 
Sudbury, Ontario, a slight increase for palladium and a 23% 
decrease for platinum relative to production in 2011 (Vale 
Inco Ltd., 2013, p. 47). In addition to Vale, Xstrata plc (Zug, 
Switzerland) produced PGMs as byproducts from nickel 
mining operations at Sudbury, although production figures were 
not released. 

Russia.—In 2012, Russia accounted for 41% of global mine 
production of palladium, 1396 of platinum production, and 
1896 of other PGMs. Norilsk Nickel produced 81,700 kg of 
palladium and 20,500 kg of platinum in 2012, a 396 and slight 
decrease, respectively, compared with 2011 production (OJSC 
MMC Norilsk Nickel, 2013). Russia's alluvial production was 
estimated to be about 4,070 kg of platinum, which was a slight 
decrease compared with 2011 production. 

South Africa.—In 2012, workers’ strikes and violent unrest 
resulted in a production loss of about 23,300 kg of platinum 
(Johnson Matthey plc, 2013, p. 14; Maylie, 2012b). Production 
of palladium, platinum, and other PGMs decreased by about 
11%, 10%, and 9%, respectively, compared with production 
in 2011. The world's leading PGM producer, Anglo American 
Platinum Ltd. (Amplats) (Johannesburg), reported primary 
equivalent refined production of 65,000 kg of platinum in 2012, 
an 8% decrease compared with that in 2011. Production of 
equivalent refined platinum at the Mogalakwena open pit mine 
decreased slightly to 9,300 kg. Output from the Khuseleka Mine 
was 3,900 kg of platinum equivalent, a slight decrease from 
2011 production. The Siphumelele Mine produced 2,440 kg 
of platinum equivalent, 18% less than that of 2011. Equivalent 
refined platinum production of 3,700 kg from the Mototolo 
Mine, a joint venture with Xstrata, was about 9% more than 
2011 production. The Kroondal and Marikana Mines, operated 
as pool-and-share agreements with Aquarius Platinum Ltd. 
(Perth, Western Australia, Australia), produced 6,631 kg and 
821 kg of platinum, respectively, which was a slight increase 
and a 44% decrease, respectively, relative to that of 2011. At 
Modikwa, which was a joint venture with African Rainbow 
Minerals Ltd. (ARM) (Sandton), platinum production decreased 
by 4% to 3,720 kg. At the Bafokeng-Rasimone Platinum Mine 
(BRPM), which was a joint venture with Royal Bafokeng 
Platinum Ltd. (Johannesburg), refined platinum production 
declined by 5% to 5,340 kg. Amplats planned annual production 


of 65,300 kg to 71,500 kg of platinum in 2013 (Anglo American 
Platinum Ltd., 2013, p. 4, 39—77). 
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Production at Impala Platinum Holdings Ltd.'s 
(Johannesburg) Rustenburg operations declined during their 
reporting year of July 31, 2011, through June 30, 2012, to 
19,500 kg owing to a 6-week workers' strike which halted 
mining from mid-January until early March. Production 
included 23,300 kg of platinum, 12,700 kg of palladium, and 
3,080 kg of rhodium, which were decreases of 2096 for platinum 
and palladium and 22% for rhodium. Rampup was slow after the 
resumption of mining. Production at the Marula Mine decreased 
by 3% to 2,150 kg of platinum. Development was resumed at 
the Leeuwkop Mine which had been halted since the global 
financial crisis in 2008. Production at Leeuwkop was expected 
to begin in 2021, with annual production of about 4,500 kg of 
platinum expected (Impala Platinum Holdings Ltd., 2012, 

р. 13, 19, 54—93). 

In 2012, Northam Platinum Ltd. (Johannesburg) reported 
production from its Zondereinde Mine of 8,980 kg of precious 
metals in concentrate, an 896 increase relative to production in 
2011. Northam's Booysendal Mine was at an advanced stage 
of construction and was expected to be commissioned in 2013, 
with expected production of about 5,000 kg/yr of platinum by 
2015 (Northam Platinum Ltd., 2012, p. 3, 8). 

Violent unrest took place at Lonmin plc's (London) Marikana 
Mine in August during a 6-week workers' strike (Maylie, 
2012a,b). In 2012, Lonmin produced 38,600 kg of platinum, a 
7% decrease compared with that in 2011. Lost production as a 
result of the strike was estimated to be 1.8 Mt of ore, containing 
about 3,400 kg of platinum (Johnson Matthey plc, 2013, p. 16). 

Aquarius Platinum Ltd. (Bedford) placed the Everest Mine on 
care-and-maintenance status in June owing to low metal prices 
and geological challenges. Production was 1,170 kg of PGMs, 
which was 67% less than that of 2011 (Aquarius Platinum Ltd., 
2013a, b, c). 

The Nkomati Nickel Mine, a 50-50 joint venture between 
ARM and Norilsk Nickel, produced 2,740 kg of PGMs, 3394 
more than that produced in 2011 (OJSC MMC Norilsk Nickel, 
2013, p. 3). 

Eastern Platinum Ltd.'s (Vancouver) Crocodile River Mine 
produced 1,350 kg of platinum in concentrate, 7% less than that 
in 2011, owing to temporary suspension of stoping owing to low 
РОМ prices. The construction of a concentrator and mine on the 
eastern limb of the Bushveld Complex were put on hold owing 
to economic considerations (Eastern Platinum Ltd., 201 3). 

Platmin Ltd.'s (Centurion) Pilanesburg Mine produced 
3,280 kg of PGMs plus gold in concentrate during 2012, an 
increase of 51% relative to that of 2011. Platmin consolidated 
its PGM assets including the Pilanesburg Platinum Mine and 
the nearby Sedibelo and Magazynskraal properties. The new 
company was to be named Sedibelo Platinum Mines Ltd. 
(Platmin Ltd., 2013). 

Zimbabwe.—]n 2012, platinum production increased 
slightly and palladium production increased by about 994 
compared with that of 2011. Amplats' Unki Mine reached full 
production capacity and produced 2,000 kg of platinum, 2794 
more than that in 2011. The Mimosa Mine, a joint venture 
between Aquarius and Impala, produced 6,640 kg of platinum, 
a slight increase from production in 2011. Impala's Zimplats 
Mine produced 4,610 kg, 5,820 kg, and 519 kg of palladium, 
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platinum, and rhodium, respectively, during their fiscal year 
2012, which was a slight increase for palladium and rhodium 
and a 3% increase for platinum compared with production in 
2011. The phase 2 expansion of the Ngezi Mine, including a 
third underground mine and a second concentrator, continued 
and was expected to be completed in 2015. At full capacity, 
the mine was expected to produce 8,400 kg/yrof platinum 
(Thomson Reuters GFMS Surveys, 2013, p. 32). 


Outlook 


The progress of the global economic recovery is expected 
to increase demand for PGMs owing to their principal use as 
industrial metals. Because the primary end use for palladium, 
platinum, and rhodium is for catalytic converters in automobiles, 
the outlook for that industry will have the greatest impact on 
the consumption of these PGMs. Global automobile production 
is likely to increase, particularly in emerging markets such 
as China and India; therefore, an overall increase in demand 
for PGMs, in particular palladium, and rhodium in that sector 
was expected. Tighter emission standards in China were also 
expected to cause increased palladium demand. Manufacturers 
continued to switch to palladium-based catalytic converters and 
to increase palladium use in diesel light-duty vehicles because 
of the price difference between platinum and palladium. Thus, 
the increase in automobile demand will likely affect palladium 
demand in particular. In the electronics sector, palladium 
demand may continue to decrease owing to substitution of 
other metals such as nickel and copper in MLCCs. In the 
glass sector, demand for platinum and rhodium could increase 
owing to an expected increase in China's glass production to 
supply its domestic market. The demand for platinum in the 
jewelry sector was expected to increase, especially in China 
and India, whereas palladium jewelry demand is likely to 
decrease. The consumption of rhodium is expected to increase 
as a result of higher vehicle production in many areas of the 
world. Ruthenium demand is expected to increase as a result 
of depleted stocks in the hard disk industry, although demand 
in the chemical industry could decrease if metal is recycled. 
Iridium demand is likely to decrease asa result of lower demand 
from China owing to the near completion of upgrading of its 
riens ЕТ from South Africa was expected to 
decrease owing to work stoppages and to increased mining 

including electricity and labor. Supply from ZI DRUMS 

= -ncrease from new mining projects, but was 
ne лик s A uncertainty. Palladium supply was expected 
aU joe ia owing to a decline in average palladium 
to decrease diem of platinum and palladium is expected to 
et in the automotive catalyst recycling sector. 
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TABLE 1 
SALIENT PLATINUM-GROUP METALS STATISTICS! 


2008 2009 2010 2011 2012 
United States: 
Mine production: 
__ Ооу Юр 11,900 12,700 11,600 12,400 12,300 
О Qumiy __ М 3580 _ 3830 1 3450 3,700 3670 
Refinery production: 
Palladium, Pd content: 
Quantity kilograms 7,650 7,820 6,820 17,500 21,000 
Value thousands $87,300 $66,800 $116,000 $414,000‘ . $439,000 
Platinum, Pt content: 
Quantity kilograms 7,400 7,210 5,410 15,500 16,600 
Value thousands $376,000 $280,000 $281,000 $859,000' . $831,000 
Imports for consumption, refined: 
Iridium, Ir content kilograms 2,550 1,520 3,530 2,790 ' 1,230 
Osmium, Os content do. 11 68 76 48 130 
Palladium, Pd content do. 120,000 69,700 70,700 98,900 80,100 
Platinum, includes waste, scrap, and coins, Pt content do. 150,000 183,000 152,000 129,000 172,000 
Rhodium, Rh content do. 12,600 11,200 12,800 13,100 12,800 
Ruthenium, Ru content — — 0 000000. do. 49,800 21,200 14,100 13,300 " 10,200 
Iridium, osmium, and ruthenium, gross weight do. 6,450 4,020 3,720 1,150 1,640 
Palladium, Pd content do. 26,400 30,300 38,100 32,000 32,200 
Platinum, Pt content do. 15,600 15,600 16,900 11,300 8,630 
Rhodium, Rh content do. 1,980 1,220 2,320 1,370 1,040 
Stocks, National Defense Stockpile, December 31: 
г с, сав cM, NON Е и. 
uc кый соске Е Е Е ЗАНЕ Е 
S S... dellas per troy ounce 448.34 420.40 642.15 1,035.87 1,066.23 
Palladium" do. 355.12 265.65 530.61 738.51 649.27 
aem do. 1,578.26 1,207.55 1,615.56 1,724.51 1,555.39 
Platinum. do. — 1553357 159132 245907 2.02435 1427498 
Rhodium do. 324.60 97.28 198.45 165.85 112.26 


А 3 pm 
= RU e ede атынан А 1360. _ 1290 — . 1350 м 1,660 


W 7 mine production" PGM content kilograms 468,000 448,000 467,000 487,000 451,000 
orld, › 


*Estimated. ‘Revised. do. Ditto. | 
!Data are rounded to three significant digits, except prices. 


?cource: Stillwater Mining Co., 2012 annual report, p. 9. | | | 
3price data are annual averages of daily Engelhard unfabricated quotations published in Platts Metals Daily. 
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Country 

2011 

2012: 

| Argentina 
Australia 
Austria 
Belgium 
Brazil 
Canada 
Chile 
China 
Colombia 
Costa Rica 


Czech Republic 


Denmark 
Dominican Republic 
France EE 
Germany 
Hong Kong 
India 
Ireland 
- Israel 
Italy __ 
Јарап 
Korea, Republic of 
Laos 7 
Mexico 
Netherlands 
New Zealand 
Norway 
_ Saudi Arabia 
. Singapore 
_ South Africa 


- Spain 
Sweden 
Switzerland 

Taiwan — 
Thailand 


. United Kingdom = 

Other —— 0. 
Total 

~ Zero. 


2 | 
Less than У unit. 


Source: U.S. Census Bureau. 
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Platinum, Iridium, osmium, 
Palladium Platinum waste and scrap ruthenium Rhodium 
Quantity, Quantity, mE Quantity, Quantity, Quantity, 
Pd content Value Pt content Value Pt content Value gross weight Value Rh content Value 

(kilograms) (thousands) (kilograms) (thousands) (kilograms) (thousands) (kilograms) (thousands) (kilograms) (thousands) 
32,000 — $416,000 11,300 — $552,000 118,000 $1,440,000 1,150 $18,000 1370 $71,700 

-- -- 104 4,200 -- -- -- ка == n 

580 8,200 57 2,080 Q) 8 8 111 -- = 

32 401 24 816 1 18 Bs => a EE 

32 278 277 10,900 7,040 13,700 3 18 14 556 

815 16,700 206 4,410 -- -- 1 12 3 131 

6,350 89,800 124 5,770 35 615 4 44 38 1,030 

ge -- (2) 3 -- -- 1 5 -— -- 

1,260 23,300 45 1,120 219 11,300 35 687 252 12,300 

100 1,210 1 34 -- -- -- -- -- -- 

19 113 15 447 -- -- 18 317 -- -- 

254 525 — er -- -- (2) 6 (2) 27 

123 1,570 (2) 6 -- -- -- -- -- -- 

2 10 10 524 (2) 7 -- -- (2) 9 

489 3,920 65 2,030 -- -- 10 198 -- -- 

6,520 122,000 2,920 144,000 23,600 88,900 54 1,170 57 2,830 

923 13,300 58 2,500 (2) 8 106 2,570 486 18,500 

532 2,380 201 9,800 -- -- 5 107 3 439 

138 1,290 235 7,950 -~ -- 11 80 ~- -- 

2,000 9,470 24 689 е 2 15 65 4 383 

689 9,370 189 8,510 8,160 16,200 -- -- 88 3,320 

1,850 20,300 2,190 89,000 22,100 65,900 114 882 67 3,010 
3,020 58,400 429 21,000 -- -- 740 5,150 — Se 

г és 23 1,110 x не = = = de 

485 3,300 417 14,900 l 36 8 77 1 83 

26 251 70 1,470 = - 3 98 E - 

159 1,370 | 147 -- -- -- = - EN 

135 1,970 44 1,930 -- -- -~ е5 3 152 

34 715 (2) 17 -- -- -- -- -— -- 

92 992 57 3,510 -- -- 180 2,150 17 758 

41 171 -— -- 2,110 18,700 -- E ds ud 

256 674 8 85 -- -- | 9 = => 

17 204 14 337 -- -- | 6 às £ 

194 2,680 38 2,200 6,110 138,000 (2) 12 == = 

1,290 16,800 33 1,370 -- -- 217 1,170 -- = 

234 2,840 22 1,250 -- -- ss - Q) 28 

25 313 22 843 119 3,540 -- - = = 

3,400 50,800 676 27,900 15,200 481,000 102 2,150 (2) 18 

98 _ 996 21 846 3 115 3 26 3 88 
___32,200 467,000 8,630 374,000 84,800 837,000 1,640 17,100 1,040 43,600 

"Раца are rounded to no more than three significant digits; may not add to totals shown. 
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TABLE 4 
U.S. EXPORTS OF PLATINUM-GROUP METALS, BY COUNTRY’ 


PLATINUM-GROUP METALS: WORLD PRODUCTION, ВУ COUNTRY"? 


TABLE 5 


(Kilograms) 
Country" 2008 2009 2010 2011 2012 
Palladium: 
Australia^^ 580 800 650 600 300 
Botswana 3,359 г 3,452 ' 3,328 ' 2:195. 2,613 5 
Сапада“ 14,700 7,000 6,200 14,300 ' 12,200 
Finland 342 560 1,493 1,058 1,100 
Japan 7,526 6,675 6,107 7,534 7,000 
Poland? ^? 15 15 15 15 15 
Russia? 87,700 83,200 5 84,700 84,300 ' 82,000 
Serbia 70 38 22 20" 4 
South Africa 75,537 75,117 82,222 82,731' 74,000 
United States" 11,900 12,700 11,600 12,400 12,300 5 
Zimbabwe? 4,386 5 5.680 7,000 8,241 "5 9,000 
Total 206,000 195,000 203,000 213,000" 201,000 
Platinum: 
Australia" * = 120 230 130 130 90 
Botswana 715 622 ' 560 ' 373' 415^ 
Canada‘ | 8,500 4,000 3,500 ' 8,000" 7,000 
Colombia 1,370 ' 929 997 ' 1,231 1,025 > 
Ethiopia!’ 10 10 € 8 T 2-9 
Finland* 2147 265? 500 400 400 
Japan? 1,442 1,417 1,331 1,765 1,500 
Poland* ^? 25 25 25 25 25 
Russia‘ 25,000 24,500 25,000 25,900 ' 24,600 
Serbia 5 12 EN = 6 
South Africa 146,140 140,819 147,790 148,008 ' 133,000 
United States” ч 3,580 3,830 3,450 3,700 3,670 ° 
. Zimbabwe Е a | | 5,642 6,849 8,800 * 10,826 * 11,000 _ 
Тога] 193,000 184,000" 192,000 200,000" 183,000 
Other platinum-group metals: 
Canada* 1,000 400 400 800 ' 700 
Russia 12,500 11,900 12,000 12,500 12,000 
South Africa _ 53,999 55,456 57,292 58.111“ 53,000 
Zimbabwe 1,641 ^? 175 + 1,820 ' 1,820 ' 2,200 
____ Тога! dM 69,100 ' 69,500 ' 71,500 ' 73,200 ' 67,900 
Grand total 468,000 448,000" 467,000" 487,000" 451,000 


*Estimated. 'Revised. -- Zero. 


„World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
Table includes data available through July 19, 2013. Platinum-group metal (PGM) production by Germany, Norway, Switzerland, 
and the United Kingdom is not included in this table because the production is derived wholly from imported metallurgical products 
and to include it would result in double counting. 

?In addition to the countries listed, China, Indonesia, and the Philippines are thought to produce PGM, and several other countries 
may also do so, put output is not reported quantitatively, and there is no reliable basis for the formulation of estimates of output 
AG A part of this output not specifically reported by country is, however, presumably included in this table credited to Japan. 
PGM recovered from nickel ore that is processed domestically. PGM in exported nickel ore are extracted in the importing 
countries, such as Japan, and are thought to be included in the production figures for those countries. 

"Reported figure. 

SProduction derived entirely from imported ores. 

"Based on official Polish estimates. 

*Estimates based on reported platinum- and palladium-bearing final (residual) slimes and then average platinum and palladium 
content from electrolytic copper refining. 

УА very small quantity of byproduct platinum and palladium produced from gold-copper ores was excluded. 


Е RR 
| Data for the Ethiopian calendar year ending July 7 of that stated. Yubdo Mine only. Platinum was also reportedly contained in gold 
ingots from the Lega Dembi Mine, but information is inadequate to estimate output. 
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POTASH 


By Stephen M. Jasinski 


Domestic survey data and tables were prepared by Annie Hwang, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


In 2012, domestic production decreased by 12% to 
900,000 metric tons (t) potassium oxide (K,O) equivalent from 
1 million metric tons (Mt) К.О equivalent in 2011.' U.S. sales 
of potash were slightly lower in 2012 than in 2011 and apparent 
consumption decreased by 14%, to 5.0 Mt K,O in 2012 from 
5.8 Mt KO in 2011 (table 1). In 2012, world potash production 
decreased to 33.1 Mt from 38.2 Mt in 2011 (table 1). 

Potash denotes a variety of mined and manufactured salts, 
all of which contain the element potassium in water-soluble 
form. The majority of domestic potash was produced near 
Carlsbad, NM, with most of the potash coming from the 
mineral sylvite. In agriculture, the term potash refers to potassic 
fertilizers, which are potassium chloride (КС! or sylvite), 
potassium sulfate [K,SO, or sulfate of potash (SOP), usually 
a manufactured product], and potassium-magnesium sulfate 
[K,SO,*2MgSO, ог langbeinite or double sulfate of potash 
magnesia (SOPM or K-Mag)]. Muriate of potash (MOP) is an 
agriculturally acceptable mix of KCI (95% pure or greater) and 
sodium chloride (halite) for fertilizer use that includes minor 
amounts of other nontoxic minerals from the mined ore. 


Legislation and Government Programs 


On December 3, 2012, the U.S. Secretary of the Interior 
issued Secretarial Order 3324 related to the codevelopment 
of oil, natural gas, and potash within the 201,000-hectare (ha) 
Designated Potash Area (DPA) in southeastern New Mexico. 
The DPA was established in 1939 by the Secretary of the 
Interior, and more than 75% of total U.S. potash production has 
been from that region. Initially, 17,400 ha of oil and gas leases 
were withdrawn in the region to protect potash deposits. The 
size of the DPA has increased gradually since 1939, resulting 
in periodic conflicts between the oil and gas and potash 
industries. The order calls for the use of new technologies, such 
as horizontal drilling, for oil and gas production and designates 
oil and gas development areas to protect potash mines. The 
2012 order superseded the DPA Secretarial Order that was 


issued in 1986 (U.S. Department of the Interior, Bureau of Land 
Management, 2012). 


Production 


Domestic production data were developed by the 
U.S. Geological Survey from a semiannual voluntary canvass 


The potash industry has established a common standard of measurement for 
defining a product's potassium content (or purity) because the potassium content 
of its common salts varies in terms of equivalent percentage of potassium oxide 
(К.О). A К.О equivalent for muriate of potash is 60%; sulfate of potash, 51%: 
and double sulfate of potash magnesia products, 22%. А! tonnages are reported 
In metric tons, К.О equivalent, unless otherwise specified. All percentages are 
computed on unrounded К.О equivalent values. 
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of U.S. operations. All of the seven operations canvassed for 
production data responded to the surveys. 

Potash companies in the United States produced MOP, SOP, 
and SOPM. Published production data of all types and grades 
of potash in the United States are adjusted to avoid disclosing 
the proprietary data of companies that produce SOP and SOPM, 
which together are known as sulfates. 

Three companies produced potash from seven operations 
in three States. Most production was from southeastern 
New Mexico, where Intrepid Potash, Inc. (Intrepid) operated 
two mines and The Mosaic Company (Mosaic) operated one 
mine. Mosaic also operated a deep-solution mine in Michigan. 
In Utah, Intrepid produced potash from a solution mine in 
Moab and from a solar evaporation facility in Wendover; 
Great Salt Lake Minerals Corp. (GSLM) (a subsidiary of 
Compass Minerals International, Inc.) operated a solar 
evaporation facility in Ogden that only produced SOP. 

In April 2012, Intrepid received approval from the 
U.S. Bureau of Land Management to begin construction of 
its HB Solar Solution Mine in Carlsbad, NM. The mine had 
been operated as a conventional underground potash mine by 
the previous owner, from 1934-96. In November, Intrepid 
began pumping potash-enriched brine from the HB Mine 
into a new solar evaporation pond. Construction of the mill 
began in the fourth quarter of 2012, and was expected to be 
completed in late 2013. First production from the HB Mine 
was planned upon completion of the mill. The company 
planned to increase production gradually during about 1 year 
to reach full capacity of 200,000 metric tons per year (t/yr) 
(Intrepid Potash, Inc., 2013, p. 7). 

IC Potash Corp. (ICP) (Toronto, Ontario, Canada) continued 
to develop its Ochoa project east of Carlsbad in Lea County, 
NM. The company began a feasibility study and continued 
drilling and permitting. ICP planned to produce SOP and 
SOPM from a polyhalite deposit. The project was to consist 
of an underground mine and surface processing facilities. The 
company reported reserves of more than 400 Mt К.О and 
resources of more than 800 Mt K,O, with a potential for more 
than 100 years of mine life. ICP expected to begin production in 
2016 (IC Potash Corp., 2013). 

Three companies were developing potash projects in the 
Holbrook Basin formation in the eastern part of Arizona. 
According to the Arizona Geological Survey, the Holbrook 
Basin contains up to 2.5 billion tons of potash resources 
(Rauzi, 2008). Two of the companies, Passport Potash Inc. 
and Prospect Global Resources Inc., were actively engaged in 
development activities. Prospect was conducting a prefeasibility 
study and planned to produce potash by late 2015. In October 
Prospect signed a 10-year agreement to supply Sichuan | 
Chemical Industry Holding (Group) Co., Ltd. of China with 


at least 500,000 Џуг of potash, which would be about 2576 of 
the projected output (Prospect Global Resources Inc., 2012). 
Passport was engaged in a prefeasibility study and exploration 
activities, but did not have a schedule for project completion 
(Passport Potash Inc., 2013). 


Consumption 


Apparent consumption of all forms of potash in 2012 
decreased by 1496 from that of 2011. The principal use of 
potash was as an agricultural fertilizer (plant nutrient) as a 
source of soluble potassium, which is one of the three primary 
plant nutrients required for plant growth and maturation; 
the others are fixed nitrogen and soluble phosphorus. Potash 
and phosphorus are mined products, and fixed nitrogen is 
produced from the atmosphere using industrial processes. 
Modern agricultural practice uses large quantities of these 
primary nutrients and additional nutrients, such as boron, 
calcium, chlorine, copper, iron, magnesium, manganese, 
molybdenum, sulfur, and zinc, to ensure plant health and 
proper maturation. The three major plant nutrients have no 
cost-effective substitutes. Low-nutrient-content alternative 
potash sources, such as animal manure and guano, bone meal, 
compost, glauconite, and ‘“Чапкаре” from slaughterhouses, are 
available, but the cost of transportation per metric ton of nutrient 
beyond relatively short distances can reduce their desirability. 
In addition to its use as a fertilizer, potassium chloride is used in 
refining secondary aluminum, producing potassium hydroxide, 
electroplating, oil-well drilling mud, snow and ice melting, steel 
heat-treating, and water softening. 

Potassium hydroxide is used in industrial water treatment 
and in soap manufacturing, and is the precursor of potassium 
carbonate, several forms of potassium phosphate, and many 
other potassic chemicals. Potassium carbonate is used to 
produce animal feed supplements, cement, fire extinguishers, 
food products, and textiles. It is also used in brewing beer, 
pharmaceutical preparations, and as a catalyst for synthetic 
rubber manufacturing. Generally, these nonfertilizer uses have 
accounted for about 15% of annual potash consumption in the 
United States and 896 worldwide. 


Foreign Trade 


Total U.S. imports of all forms of potash (K,O equivalent) 
decreased by 15% from those of 2011. Potassium chloride 
accounted for 97% of the import tonnage. Canada was the 
leading source for imports, accounting for 78% of all types of 
potash. Russia was a distant second with 4% of imports. Total 
import value decreased by 36% from that of 2011, owing to 
lower international potash prices (table 4). 

The United States is not a significant exporter of potash. In 
2012, exports of all forms of potash (K,O equivalent) increased 
by 16% from that of 2011, owing to an increase in potassium 
chloride exports (table 3). 


World Industry Structure 


World production of potash decreased to 33.1 Mt in 2012 
from 38.2 Mt in 2011. Canada, Russia, and Belarus were the 


leading producing countries, by order of output, accounting 
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for 5996 of total production (table 5). Global potash capacity 
increased slightly to 45.4 Mt in 2012 from 45.1 Mt in 2011 
(Heffer and Prud'homme, 2013). 

In 2012, about 170 new potash projects were under 
development worldwide. Most of the projects initially were 
to be completed by 2017, but in 2012, many of the projects 
were postponed to beyond 2017 because of forecasts that 
capacity increases over the next several years would outpace 
consumption. Of the 170 projects, 45 were being developed by 
leading producers, 75 by smaller companies, and 50 were still in 
the exploration phase. With the exception of projects in China, 
all projects were planned for the export market. Significant 
projects were under development in Argentina, Brazil, Canada, 
Chile, Congo (Brazzaville), Eritrea, Ethiopia, Kazakhstan, 
Laos, Mexico, Peru, Russia, Thailand, Turkmenistan, the 
United Kingdom, and Uzbekistan (Prud'homme, 2013). 


World Review 


Canada.—About 100 companies were actively exploring 
and developing potash projects, primarily in Saskatchewan. 
However, only a few were expected to be completed by 2017. 
Expansion plans of the three major producers, Agrium Inc., 
Mosaic, and Potash Corp. of Saskatchewan (PotashCorp), 
continued on schedule during 2012, despite a decline in world 
production and sales from that of 2011. Agrium planned to 
complete an expansion to its Vanscoy Mine in Saskatchewan 
in 2014, which would increase its production capacity to 
3.0 million metric tons per year (Mt/yr) MOP from 2.0 Мууг 
МОР (Agrium Inc., 2013, p. 25). 

In 2012, Mosaic completed expanding its Esterhazy and 
Colonsay Mines by 1.3 Mt/yr МОР. Additional expansion 
projects were in progress at Colonsay and Esterhazy that 
would add an additional 1.4 Mt/yr of capacity by 2017 
(Mosaic Company, The, 2013, p. 10-11). 

PotashCorp, the leading potash producer in the world, 
completed expansion projects at its Allan and Cory Mines 
in Saskatchewan in 2012. Production capacity increased by 
1 Mt/yr at each mine, and both mines were expected to ramp UP 
to full capacity by 2014. PotashCorp had two projects that were 
in progress: a new mine and expanded mill in New Brunswick 
and a mine and mill expansion in Rocanville, Saskatchewan. 
Construction in New Brunswick was expected to be completed 
in 2013 and in Rocanville in 2014. The company planned to 
increase its overall potash production capacity from 11.9 Мууг 
MOP in 2012 to 18.1 Mt/yr MOP in 2017 (Potash Corp. of 
Saskatchewan, 2013, p. 58). 

German potash producer, K+S Aktiengesellschaft, began 
construction of its Legacy Mine in Saskatchewan in 2012. The 
2.0-Mt/yr MOP solution mine was expected to be completed by 
2016. A second phase of the mine would expand the facility by 
0.9 Mt/yr after 2017 (K+S Aktiengesellschaft, 2013). 

BHP Billiton Group postponed completion of its Jansen 
project in Saskatchewan until after 2017 because of market А 
conditions. ВНР planned to construct an underground mine with 
an initial capacity of 8.0 Mt/yr. The company reported that the 
project had measured resources of 5.33 billion metric tons (Gt), ; 
with an average grade of 25.7% К.О and ап additional 1.29 Gt o 
internal resources at the same grade (BHP Billiton Group. 2013). 
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Vale S.A. postponed indefinitely the development of the 
Kronau solution mine near Regina, Saskatchewan, because of 
economic conditions. Vale had planned to start production in 
2012. (Patel, 2012). 

Western Potash Corp. received a positive feasibility study in 
December for its Milestone potash project in Saskatchewan. 
The company planned to construct a 2.8-Mt/yr solution 
mine 30 kilometers southeast of Regina. Construction was 
planned to begin in 2014 and to be completed in 2016 
(Western Potash Corp., 2012). 

Karnalyte Resources Inc. awarded contracts for the design 
and construction of its solution mining project in Wynyard, 
Saskatchewan, in September. The company planned to process 
carnallite ore to produce a low-sodium potash product. 
Karnalyte planned to start construction in 2014 and to begin 
production in 2015. The project would be developed in three 
phases: the first phase is expected to have an initial capacity of 
625,000 t/yr and the second and third phases are expected to add 
750,000 t/yr (Karnalyte Resources Inc., 2012). 

Russia.— Leading Russian producer, Uralkali, completed 
expansion at the Berezniki-4 facility, to increase its total 
production capacity by 1.5 to 13 Mt/yr. The company 
planned to increase production capacity to 15.7 Mt/yr by the 
end of 2017, through expansion at its Solikamsk facilities 
and debottlenecking at both Berezniki and Solikamsk 
(Fertilizer International, 2013b). 

EuroChem MCC, OJSC had two mines in the initial stages 
of development in 2012. The VolgaKaliy Project, which 
would mine potash ore from the Gremyachinskoe deposit, 
was scheduled to be completed in two phases, each with a 
production capacity of 2.3 Mt/yr MOP. The first phase was 
projected to open in 2017, and the second phase was expected to 
be completed after 2019. Total proven and probable reserves of 
the project were reported to be 492 Mt, with an average grade of 
39.5% KCI (Fertilizer International, 2013b). 

The Usolskiy project, which would exploit the 
Verkhnekamskoe deposit, also was planned to be completed 
in two phases. The first phase was not expected to commence 
until after 2018, with a production capacity of 2.3 Mt/yr MOP. 
The second phase was planned to open in the future and add 
1.4 Mt/yr MOP to the production capacity. Total proven and 
probable reserves were reported to be 420 Mt, with an average 
grade of 30.8% КС! (Fertilizer International, 2013b). 

JSC Acron began development of the Talitsky Mine project 
through its subsidiary, Verkhnekamsk Potash Co. The mine 
was planned to have an initial capacity of 1.3 Mt/yr MOP and 
then increase to full capacity of 2.0 Mt/yr 2 years later. Acron 
delayed commissioning of its mine until 2021, and expected 
to reach full capacity in 2023. Total reported reserves were 
157 Mt KO (Fertilizer International, 201 3a). 


Outlook 
Potash is an essential fertilizer nutrient that cannot be 
substituted. More than 9094 of world consumption is in fertilizer 


products, Growing world population and its need for food will 
require continued growth in potash production and consumption. 
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According to the International Fertilizer Industry Association, 
world potash consumption for all uses is projected to increase 
at a rate of 396 per year through 2017 (Heffer and Prud'homme, 
2013). 

Potash exploration and development is expected to remain 
very active over the next decade. A significant number of new 
mines were projected to start up before 2025 in Argentina, 
Australia, Brazil, Chile, China, Eritrea, Ethiopia, Kazakhstan, 
Laos, Turkmenistan, the United Kingdom, and Uzbekistan. 
However, many of these projects were likely to be delayed 
owing to changes in demand, company financial performance, 
permitting procedures, and other factors. The areas of 
largest expansion over the next decade are expected to be in 
Eastern Europe, Central Asia, and North America (Fertilizer 
International, 2013b). 
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TABLE 1 
SALIENT POTASH STATISTICS"? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


United States: 
Production:? 
Gross weight 
К.О equivalent 
Sales by producers: 
Quantity? 
Gross weight 
КО equivalent 
Value^^ 
Average value:° 
Gross weight dollars per metric ton 
КО equivalent do. 
Exports: 
Gross weight 
K,O equivalent 


Imports for consumption:” : 
Quantity: 
Gross weight 
КО equivalent 


Value, customs 3, 


Consumption, apparent: s 
Gross weight 
K,0 equivalent 


World, production, marketable K;O equivalent 


"Revised. do. Ditto. 


2008 


2,500 
1,100 


2,400 
1,100 
740,000 


305 
675 


694 
222 


9,560 
5.800 
260,000 


11,000 
6,700 
33,700 


2009 


1,700 
720 


1,500 
630 
500,000 


330 
800 


705 
303 


3,670 
2,220 
1,720,000 


4,500 
2,500 
20,600 ' 


2010 


2,200 
930 


2,400 
1,000 
660,000 


275 
630 


813 
297 


7,840 
4,760 


2,620,000 


9,400 
5,500 
34,100 


2011 


2,300 
1,000 


2,300 


990 
740,000 


320 
745 


675 
202 


8,210 
4,980 


3,450,000 


9,800 
5,800 


38,200 ' 


2012 


2,100 
900 


2,200 


980 
750,000 


340 
765 


676 
234 


7,010 
4,240 


2,220,000 


8,500 
5,000 
33,100 


‘Includes muriate of potash, sulfate of potash, potassium magnesium sulfate, and some parent salts. Excludes other 


chemical compounds that contain potassium. 


?Data are rounded to no more than three significant digits unless otherwise specified. 


*Data are rounded to no more than two significant digits. 
^Free on board mine. 


*Rounded to the nearest $5 to avoid disclosing proprietary data. 


Excludes potassium chemicals and mixed fertilizers. 
"Includes nitrate of potash. 
*Calculated from sales plus imports minus exports. 
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TABLE 2 
PRICES OF U.S. POTASH, BY TYPE AND GRADE"? 


(Dollars per metric ton of K,O equivalent) 


58.6 


*Estimated. XX Not applicable. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
?Includes potassium magnesium sulfate. 


Source: U.S. Census Bureau; data adjusted by the U.S. Geological Survey. 
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2011 2012 
January— July- Yearly — January- July- Yearly 
Type and grade June December average June December average 
Muriate, 60% K,O minimum: 
Standard 740 715 730 705 715 710 
Granular 690 670 680 700 655 680 
! Average prices, free on board mine, based on sales. 
?Data rounded to nearest $5. 
TABLE 3 
U.S. EXPORTS OF POTASH, BY TYPE! 
7 Арргохипаје Quantity 
average K,O (metric tons) 
equivalent content Gross K,O 
(percentage) weight equivalent? Principal destinations, by gross weight 
2011: 
Potassium chloride, all grades 61 65,100 39,700 Honduras, 34%; Mexico, 26%; Canada, 14%. 
Potassium sulfate" 26 594,000 154,000 Canada, 13%; Chile, 12%; Mexico, 11%. 
Potassium nitrate 45 16,400 7,400 Mexico, 41%; Netherlands, 34%; Canada, 7%. 
Total XX 675,000 202,000 Canada, 13%; Mexico, 13%; Chile, 11%. 
2012: 
Potassium chloride, all grades 61 157,000 95,900 Brazil, 31%; Ecuador, 17%; Mexico, 16%. 
~ Potassium sulfate" 26 503,000 131,000 Canada, 18%; Mexico, 16%; Colombia, 9%. 
— Potassium nitrate — — 45 15,700 7,090 Netherlands, 40%; Mexico, 34%; Thailand, 10%. 
E ad MEC XX 676,000 234,000 Mexico, 17%; Canada, 15%; Brazil, 1%. ___ 


TABLE 4 
U.S. IMPORTS FOR CONSUMPTION OF POTASH, BY TYPE! 


Approximate Quantity 
average К,О (metric tons) Value 
equivalent content Gross К.О (thousands) 
(percentage) weight equivalent Customs Cif? Principal sources, by gross weight 
2011: 
Potassium chloride 61 8,000,000 4,880,000 3,340,000 3,420,000 Canada, 82%; Russia, 14%; Israel, 3%. 
Potassium sulfate i 51 89,900 45,900 54,900 56,200 Germany, 59%; Canada, 28%; Chile, 9%. 
Potassium nitrate 45 115,000 51,700 59,100 60,400 Chile, 84%; Israel, 8%; Germany, 4%. 
Potassium sodium nitrate mixture 14 1,520 213 345 353 Canada, 42%; Brazil, 36%; Chile, 17%. 
Total XX 8,210,000 4,980,000 3,450,000 3,530,000 Canada, 81%; Russia, 14%; Israel, 3%. 
02: 
Potassium chloride 61 6,740,000 4,110,000 2,040,000 2,100,000 Canada, 81%; Russia, 4%; Israel, 1%. 
Potassium sulfate 51 107,000 54,600 55,100 57,300 Germany, 56%; Canada, 28%; Chile, 12%. 
Potassium nitrate = 45 159,000 71,600 125,000 129,000 Chile, 90%; Israel, 6%; Germany, 4%. 
Potassium sodium nitrate mixture. 14 529 74 263 295 Chile, 70%; Canada, 30%. 
Total XX 7,010,000 4,240,000 2,220,000 2,290,000 Canada, 78%; Russia, 4%; Chile, 3%. 


“Estimated. XX Not applicable. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
? Cost, insurance, and freight. 


Source: U.S. Census Bureau; data adjusted by the U.S. Geological Survey. 


TABLE 5 
MARKETABLE POTASH: WORLD PRODUCTION, BY COUNTRY" 


(Thousand metric tons of K,O equivalent) 


D Country _ _ 2008 2009 2010 2011 2012 
Belarus 4,968 2,485 5,223 7,304 ' 4,906 
Brazil | | 383 453 448 ' 424 ' 425 Pe 
Canada = 10,455 ' 4,318 ' 9,788 11,055 8,984 
Chile = 559 691 964 861 ' 1,053 
China _ 2,750 3,200 3,600 ' 3,800 ' 4,100 * 
Germany 3,280 1,825 3,024 3215' 3,120 * 
Israel Е 2,170 1,656 ' 1,790 ' 1,736 ' 2,154 
Jordan | А 1,223 683 1,185 1,355 ' 1,094 
Russia NEM 5,992 3,727 6,283 6,498 ' 5,472 
Spain ЕСЕ 435 * 481' 419' 436 ' 436 * 
United Kingdom 411' 411 ** 427 470 ' 470 * 
United States’ NEN |. M00 — 720 930 1,000 900 

Total | | 33,700 20,600 ' __ 34100 38200 33100 - 
"Estimated. PPreliminary. 'Revised. 


[ : А | а 
World total, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes data available through July 31, 2014. 
*Rounded to no more than two significant digits. 
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PUMICE AND PUMICITE 


By Robert D. Crangle, Jr. 


Domestic survey data and tables were prepared by Pamela A. Wiser, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


In 2012, U.S. pumice and pumicite production was 
397,000 metric tons (t). This was essentially unchanged from 
that of 2011, when the United States produced 398,000 t. The 
overall value of pumice production in 2012 was $11.1 million, 
an increase of 396 from that in 2011. As the U.S. housing 
and construction industries continued to recover following 
the economic recession of 2008—09, pumice consumption, 
which is largely based on the production of building block 
and concrete, continued along a similar, if modest, path of 
resurgence. For comparative purposes, the 2012 production total 
remained 47% less than the overall 2008 production total of 
744,000 t. The apparent consumption of pumice and pumicite 
in the United States in 2012 was 451,000 t, an increase of 1196 
compared with that of 2011. Imports nearly tripled to 67,000 t. 
Exports of 12,000 t represented a decrease of 14% compared 
with 14,000 t of exported pumice and pumicite in 2011. Pumice 
imports and exports represent relatively small amounts of 
U.S. apparent consumption and are subject to large annual 
fluctuations in terms of percentage. World production of pumice 
and related material was 16.5 Mt in 2012 (table 1). 

Pumice is an extrusive igneous volcanic rock formed through 
the cooling of air-pocketed lava, which results in a highly 
porous, low-density rock (Presley, 2006). Its low density 
allows some pumice to float on water. Large pumice rafts 
that consist of clusters of floating pieces of pumice, a unique 
geologic phenomenon, have been documented to be as long 
as 30 kilometers (km) and to drift for several years in oceanic 
waters (Wood-Jones, 1910, p. 290—291; Bryan and others, 2004, 
p. 136). Pumicite is defined as grains, flakes, threads, and (or) 
shards of volcanic glass finer than 4 millimeters in diameter 
(Harben and Bates, 1984, p. 64). Pumicite and volcanic ash are 
descriptive terms that are often interchangeably used. 

The porous, lightweight properties of pumice are well 
suited for its main use as an aggregate in lightweight building 
blocks and assorted building products. In 2012, other major 
applications included abrasives, horticulture (including 
landscaping), and roofing. Minor applications incorporated 
the use of pumice as an absorbent, as a concrete aggregate and 
admixture, as a filter aid, and as a traction enhancer for tires. A 
small percentage of pumice was used in abrasive-type products, 
including pencil erasers, a polishing agent for circuit boards and 
television monitors, an exfoliant in cosmetics, and a variety of 
heavy-duty hand cleaners. Imports were primarily used as raw 
material for blocks and as a lightweight aggregate. 


Production 


Domestic production data for pumice and pumicite were 
developed by the U.S. Geological Survey (USGS) from 
an annual voluntary review of U.S. pumice- and pumicite- 
producing sites and company operations. The canvass for 2012 
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included 11 companies with 12 active operations that produced, 
used, or sold pumice and pumicite in the United States. Ten 

of the 11 companies responded to the canvass. Data from the 
single nonrespondent producer, which stopped production 

in 2012 and later declared bankruptcy, were estimated from 
reported prior-year information adjusted to current employment 
and consumption trends, coupled with Mine Safety and Health 
Administration employment records. Data were rounded to no 
more than three significant digits. All percentages in this report 
were computed based on unrounded data. 

U.S. pumice and pumicite production of 397,000 t was valued 
at $11.1 million. States that produced pumice and pumicite 
were, in order of decreasing production, Oregon, Idaho, 
Arizona, California, New Mexico, and Kansas. 

Pumice is usually extracted by simple open pit methods 
using rippers, bulldozers, and front-end loaders. Processing 
is typically limited to drying, crushing, and screening, 
although some abrasive grades may require fine grinding and 
classification. Pumice blocks may be sawn into a variety of 
shapes and sizes. 


Consumption 


In 2012, 149,000 t, or 38% of the pumice and pumicite 
produced in the United States, was used for building and 
decorative blocks. This was a slight decrease from that of 2011. 
Pumice used for horticultural and landscaping purposes in 2012 
decreased to 149,000 t from the 2011 reported total of 161,000 t. 
As a result of relatively small production totals, variations in 
pumice-use categories are subject to large annual fluctuations in 
terms of percentage. Horticultural and landscaping applications 
accounted for 3896 of total consumption in 2012. Pumice and 
pumicite for concrete admixture and aggregate increased by 
54% to 60,000 t in 2012 from 39,000 t in 2011 and accounted 
for 1596 of consumption. Pumice used as an abrasive in 2012 
increased by 209^ to a total of 30,000 t, which accounted for 8% 
of consumption. The amount of pumice reported sold or used by 
several low-volume markets or for unreported uses grouped in 
the “other” category decreased by 55% to 10,000 t in 2012 from 
22.000 t in 2011 and accounted for 3% of consumption (table 2). 
“Other” uses included absorbent (including pet litter), chinchilla 
chew stones, cosmetics, diluents, engineered fill, filter aids, 
geotechnical aids, pottery clays, highway snow control, road 
construction, and other unspecified uses. Several substitutes 
exist for pumice in agriculture, horticulture, as an aggregate, as 
a concrete additive, and in other end products. 


Prices 


As a result of the small number of pumice producers, coupled 
with producer-specific end-use products, the average prices 
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reported for pumice and pumicite in 2012 varied greatly by 

use compared with the average price for all uses in 2011. The 
overall average prices reported for all pumice and pumicite 
products increased by 396 to $27.97 per metric ton in 2012 
from $27.22 per ton in 2011. The price change reflected 
increases in unit values of abrasives and horticulture and 
landscaping products. The unit value for the building block 

and decorative use category decreased by 396 to $13.87 per 

ton in 2012 from $14.30 per ton in 2011. The average price for 
pumice and pumicite used for horticultural and landscaping 
increased slightly to $20.01 per ton in 2012 from $19.66 per 
ton in 2011. The average price in 2011 for pumice and pumicite 
used in nonspecialty applications was $126.63 per ton, a 
ten-fold increase from the reported amount of $11.27 per ton in 
2011. The large discrepancy was likely the result of producer 
reporting changes, which included specialty abrasives that were 
categorized as “other” in 2011. For concrete admixture and 
aggregates, $35.46 per ton was reported for 2012, an decrease of 
19% from the 2011 value of $43.68 per ton. For other uses, the 
2012 unit value of $21.03 per ton was 87% less than the $158.54 
unit value reported in 2011 (table 2). As with the unit-value 

for abrasives, the noted decrease in other uses was likely the 
consequence of the increase in value for abrasives. 


Foreign Trade 


Export and import data presented here, which are from the 
U.S. Census Bureau, are non-specific. This is a result of a lack 
of detail for materials specified in the 2012 Harmonized Tariff 
Schedule of the United States (HTS), as issued by the U.S. 
International Trade Commission. The trade data were published 
under subheading 2513.10 of the HTS, described as applying 
to pumice stone. Industry sources, however, indicated that 
pumice may be included under the general heading 2513, which 
included corundum garnets and other natural abrasives. 

Exports of pumice, mostly specialty products, decreased to 
approximately 12,000 t, with a value of $6.83 million in 2012, 
or about $547 per ton. This was а 13% decrease in tonnage from 
the 14,000 t valued at $6.42 million in 2011. Canada accounted 
for 31% of 2012 exports, followed by Hong Kong with 12%, 
Italy with 8%, China with 7%, and the United Kingdom with 
6%. Smaller quantities of pumice and pumice products were 
exported to 45 other countries. 

Imports of crude or unmanufactured pumice and pumicite in 
2012 nearly tripled to 66,700 t compared with 22,600 t reported 
in 2011. By weight, most imports of pumice and pumicite 
were raw materials for blocks and lightweight aggregate in 
construction-related uses, with smaller quantities used in a 
range of abrasives and for stonewashing denim. Ninety-nine 
percent of imported crude pumice came from Greece (table 3), 
which supplied 66,000 t of crude pumice to the United States in 
2012 and remained the leading source of pumice imports. Ten 
other countries supplied the remainder of pumice and pumicite 
imports in 2012. 
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World Review 


World production of pumice and related material was 16.5 Mt 
in 2012, which was 79^ less than the 17.6 Mt produced in 2011. 
Pumice is used more extensively as a building material outside 
the United States, which helps to explain the large global 
production of pumice relative to that of the United States. In 
Europe, basic home construction uses significantly less gypsum 
wallboard because stone and concrete are the preferred building 
materials. Prefabricated light-weight concrete walls are often 
produced and shipped to construction locations. Because of their 
light-weight, strength, and cementitious properties, pumice and 
pumicite perform well in European-style construction. In 2012, 


Turkey was the leading exporter of pumice to Asia, Europe, and 
the United States. 


Outlook 


U.S. consumption of pumice and pumicite in 2013 may 
increase compared with that of 2012, as the U.S. residential 
housing sector, a major user of pumice- and pumicite-related 
products, continues to recover. 


References Cited 


Bryan, S.E., Cook, A., Evans, J.P., Colls, P.W., Wells, M.G., Lawrence, M.G., 
Jell, J.S., Greig, Alan, and Leslie, Roman, 2004, Pumice rafting and faunal 
dispersion during 2001—2002 in the Southwest Pacific—Record of a dacitic 
submarine explosive eruption from Tonga: Earth and Planetary Science 
Letters, v. 227, no. 1-2, October, p. 135-154. 

Harben, P.W., and Bates, R.L., 1984, Geology of the nonmetallics: New York, 
NY, Metal Bulletin Inc., 392 p. 

Presley, G.C., 2006, Pumice, pumicite, and volcanic cinder, in Kogel, J.E., 
Trivedi, N.C., Barker, J.M., and Krukowski, S.T., eds., Industrial minerals 
and rocks (7th ed.): Littleton, CO, Society for Mining, Metallurgy, and 
Exploration, Inc., p. 743-754. ; 

Wood-Jones, Frederick, 1910, Coral and atolls—A history and description of 
the Keeling-Cocos Islands, with an account of their fauna and flora, and 
a discussion of the method of development and transformation of coral 
structures in general: London, United Kingdom, Lovell Reeve & Со. Ltd., 
392 p. 


GENERAL SOURCES OF INFORMATION 
U.S. Geological Survey Publications 


Lightweight Aggregates. Ch. in United States Mineral 
Resources, Professional Paper 820, 1973. | 24 
Pumice and Pumicite. Ch. in Mineral Commodity Summaries 


annual. 
Other 


Geology of the Industrial Rocks and Minerals. Dover 


Publications Inc., 1969. | s 
Industrial Minerals and Rocks (7th ed.). Society for М! 


Metallurgy, and Exploration Inc., 2006. —ÀÀ 
Pumice. Ch. in Common Minerals and Their ; 


Information Institute, 2006. 


AL SURVEY MINERALS YEARBO | 


U.S. GEOLOGIC 


TABLE 1 
SALIENT PUMICE AND PUMICITE STATISTICS. 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2008 2009 2010 2011 2012 
United States: 
Sold and used by producers: 
Quantity 744 ' 384 ' 296 € 398 ' 397 
Value? 15,000 ' 12,000 " 7,080 * 10,800 ' 11,100 
Average value dollars per metric ton 20.21 ' 31.14 € 23.91 ' 27.22 ' 27.97 
Exports” 15 11 13 14 12 
Imports for consumption? 65 26 34 23 67 
Apparent consumption" 794 ' 399 ' 317 ! 406 ' 451 
World, production, pumice and related 
volcanic materials" 16,700 ' 16,400 ' 16,000 ' 17,600 ' 16,500 


*Estimated. 'Revised. 

'Data are rounded to no more than three significant digits, except average value. 

?Free on board mine and (or) mill. 

3Source: U.S. Census Bureau. 

“Production plus imports minus exports plus adjustments for Government and industry stock changes. 


TABLE 2 
PUMICE AND PUMICITE SOLD AND USED BY PRODUCERS IN THE UNITED STATES, BY USE! 


Оззи 


2011 2012 

Quantity Average Quantity Average 

(thousand Value unit (thousand Value unit 

Use metric tons) (thousands) value metric tons) (thousands) value 
Abrasives” 25 $278 $11.27 30 $3,740 $126.63 
Building block, includes decorative block 151 ' $2,170 ' 14.30 * 149 2,070 13.87 
Concrete admixture and aggregate 39 1,680 ' 43.68 " 60 2,110 35.46 
Horticulture and landscaping 161 3,160 ' 19.66 ' 149 2,980 20.01 
Other’ 22 3,540 158.54 ' 10 215 21.03 
Total or average 398 ' 10,800 ' 27.22 ' 397 11,100 27.97 


_Totaloraverage 398 OBW == ____ —— 


f . 
Revised. 
! Data are rounded to no more than three significant digits, except average unit value; may not add to totals shown. 
?Includes cleaning and scouring compounds. 
? Includes absorbent, diluents, fill, filter aids, laundries, pottery, road use, roofing, and other unspecified uses. 
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TABLE 3 
U.S. IMPORTS FOR CONSUMPTION OF PUMICE, 


BY CLASS AND COUNTRY' 
Crude or Wholly or partly 
unmanufactured manufactured 
Quantity Value Quantity Value 
Country (metric tons) (thousands) (metric tons) (thousands) 
2011: 
China 5 $6 30 $320 
. Germany 7 3 55 76 
Greece 22,300 402 -- -- 
Ireland -- -- 236 236 
Japan 40 27 15 11 
Мехїсо 331 56 178 49 
Тигкеу -- -- 7 7 
Other -- -- (2) 24 
Total 22,600 494 521 721 
2012: 
Australia -- -- 3 31 
China 1 4 215 165 
Germany 20 14 78 81 
Greece 66,000 1,070 -- — 
Iceland -- -- 7,910 349 
Japan 57 34 14 7 
Mexico 641 110 164 43 
Other -- -- 2 35 
Total 66,700 1,230 8,390 711 
-- Zero. 


'Data are rounded to no more than three significant digits; may not add 
to totals shown. 


*Less than № unit. 


Source: U.S. Census Bureau. 
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TABLE 4 
PUMICE AND RELATED MATERIALS: ESTIMATED WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons) 
Country” . 2008 2009 2010 2011 2012 
Algeria, pozzolan 490,567 * 328,000 * 236,961 * 300,000 300,000 
Argentina, pumice 6,500 E 7,020 Е 7,582 4 6,445 2n 7,000 
Burkina Faso 10,000 10,000 10,000 10,000 10,000 
Cameroon, pozzolan 600,000 600,000 600,000 600,000 500,000 
Chile, pumice and pozzolan =. 1,063,176 4 919,249 4 824,049 4 816,565 ^^ 820,000 
Croatia, volcanic tuff 15,000 15,000 15,000 15,000 15,000 
Dominica, pumice and volcanic tuff 100,000 100,000 100,000 100,000 100,000 
Ecuador: 
Pumice 137,141 "4 44,171 4 100,000 ' 100,000 100,000 
Pozzolan 803,503 ^^ 884,774 "* 640,620 4 600,000 * 550,000 
Eritrea, pumice 60 60 60 60 50 
Ethiopia? 35,000 ^ 250,000 ' 350,000 ' 350,000 ' 350,000 
France, pozzolan and lapilli 276,000 276,000 276,000 276,000 276,000 
Greece: 
Pumice 828,000 ^ 381,000 380,000 375,000 375,000 
Pozzolan, Santorin earth 1,059,000 * 830,000 900,000 850,000 800,000 
Guadeloupe, pumice BEEN 210,000 200,000 200,000 210,000 200,000 
Guatemala, pumice 393,779 * 394,955 * 340,000 150,000 150,000 
Iceland: 
Pumice 100,000 100,000 100,000 100,000 100,000 
Scoria 1,000 1,000 1,000 1,000 1,000 
Italy: ME T 
Pumice and pumiceous lapilli 20,000 20,000 20,000 20,000 20,000 
.. Pozzolan 3,000,000 3,000,000 3,000,000 3,000,000 3,000,000 
Jamaica, pozzolan 124,304 * 132,470 4 125,000 125,000 125,000 
Kosovo, volcanic tuff” ' 45,005 ^^ 58,788 "4 60,000 ' 60,000 ' 60,000 
Macedonia, volcanic tuff 103,476 * 113,064 4 113,323 "4 57,356 "4 60,000 
Martinique, pumice 130,000 130,000 130,000 130,000 130,000 
New Zealand 174,729 4 159,357 4 118,249 4 229,268 ^* 200,000 
Philippines: 
Pumice 2,063 ^ 2,064 ^ 2,274 * 2,797 "4 2,800 
Volcanic tuff 17,570 4 18,830 4 19,166 4 22,106 "^ 22,200 
Saudi Arabia, pozzolan and scoria 810,000 ^ 802,000 ^^ 915,0004 1,000,000" 1,000,000 
Solvenia, volcanic tuff 40,000 40,000 40,000 40,000 35,000 
Spain, including Canary Islands 600,000 600,000 600,000 600,000 600,000 
Syria, volcanic tuff 901,000 ^ 957,639 * 950,000 900,000 300,000 
Tanzania, pozzolanic materials 260,403 ^ 171,904 4 199,698 "4 222,592 ^^ 230,000 
Turkey 3,449,773 4 4,322,543 4,198,751 "4 5,822,501 "4 5,500,000 
Uganda, pozzolanic materials 140,000 140,000 140,000 140,000 125,000 
United States, pumice, sold and used by producers” __ 744,000" 384,000 ' 296,000 ' 398,000 ' 397,000 
Grand total 16,700,000 " 16,400,000" — 16,000,000 ' 17,600,000 16,500,000 
Of which: 
Pumice 2,550,000" 1,640,000" 1,560,000" 1,470,000" 1,460,000 
Pozzolan 6,480,000" 6,090,000" 5,840,000" 5,840,000" 5,630,000 
Ѕсопа _ PE 1,000 1,000 1,000 1,000 1,000 
Volcanic tuff _ 1,120,000 1,200,000 1,200,000" — 1,090,000 ' 492,000 
= г тэрас Пой 6,540,000" 7,460,000" 7,410,000" 9,220,000" 8,880,000 
еуіѕе 


' World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
‘Table includes data available through July 17, 2013. 


Pumice and related materials also are produced in a number of other countries, including China, Honduras, Iran, Japan, and Mexico, but available 
information i is inadequate for the formulation of reliable estimates of output levels. 
‘Reported figure. 


*Data are for year ending July 7 of that stated. 
"On February 17, 2008, the Kosovo Assembly declared independence from Serbia. 


"Converted from reported data, in cubic meters, as follows: 2008—45,005; 2009— 58,788; 2010—60,000 (estimated); 201 1—60,000 (estimated); and 
2012—60,000 (estimated). 
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RARE EARTHS 
By Joseph Gambogi 


Domestic survey data and tables were prepared by Martha L. Jackson, statistical assistant, and the world production tables 
were prepared by Glenn J. Wallace, international data coordinator. 


In 2012, world rare-earth production was primarily from the 
minerals bastnásite, loparite, and monazite. Rare-earth ores 
were primarily mined in China, with smaller amounts mined in 
Australia, India, Russia, and the United States, listed in order 
of decreasing production (table 6). Processing of intermediate 
rare-earth concentrates took place at the Mountain Pass Mine in 
California. In 2012, mining resumed at Mountain Pass for the 
first time since 2002. 

The rare earths are a moderately abundant group of 17 elements 
comprising the 15 lanthanides, scandium, and yttrium. The 
lanthanides are the elements with atomic numbers 57 through 71 
that include the following in order of atomic number: lanthanum, 
cerium, praseodymium, neodymium, promethium, samarium, 
europium, gadolinium, terbium, dysprosium, holmium, erbium, 
thulium, ytterbium, and lutetium. At an average concentration in 
the Earth’s crust of 60 parts per million (ppm), cerium is more 
abundant than copper at 50 ppm, followed in decreasing order, 
by yttrium at 33 ppm, lanthanum at 30 ppm, and neodymium 
at 28 ppm. Thulium and lutetium, the least abundant of the 
lanthanides at 0.5 ppm, occur in the Earth’s crust in higher 
concentrations than antimony, bismuth, cadmium, and thallium. In 
rock-forming minerals, rare earths typically occur in compounds 
as trivalent cations in carbonates, oxides, phosphates, and silicates 
(Mason and Moore, 1982, p. 46). 

Rare-earth elements (REE) can be classified as either light 
rare-earth elements (LREE) or heavy rare-earth elements 
(HREE). The LREE include the lanthanide elements from 
atomic number 57 (lanthanum) through atomic number 64 
(gadolinium), and the HREE include the lanthanide elements 
from atomic number 65 (terbium) through atomic number 71 
(lutetium). The division is based on the LREE having unpaired 
electrons in the 4f electron shell and HREE having paired 
electrons in the 4f electron shell. Yttrium is included as a HREE 
even though it is not part of the lanthanide series. 

Scandium (atomic number 21), a transition metal, is the lightest 
REE but it is not classified as one of the group of LREE nor one 
of the HREE. It is the 31st most abundant element in the Earth’s 
crust, with an average crustal abundance of 22 ppm. Scandium 
is a soft, lightweight, silvery-white metal, similar in appearance 
and weight to aluminum. Although its occurrence in crustal rocks 
is greater than that of lead, mercury, and the precious metals, 
scandium rarely occurs in concentrated quantities because it does 
not selectively combine with the common ore-forming anions. 

Yttrium (atomic number 39), a transition metal, is chemically 
similar to the lanthanides and commonly occurs in the same 
minerals as a result of its similar ionic radius. Its atomic radius 
places it in relative size between holmium and erbium, and it 
is included as one of the HREE. Yttrium is the second most 
abundant rare earth in the Earth’s crust. Yttrium is a bright silvery 
metal that is soft and malleable, similar in density to titanium. 
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The elemental forms of rare earths are iron gray to silvery 
lustrous metals that are typically soft, malleable, ductile, and 
usually reactive, especially at elevated temperatures or when 
finely divided. Melting points range from 798 °C for cerium to 
1,663 °C for lutetium. The unique properties of rare earths make 
them useful in a wide variety of applications such as batteries, 
catalysts, magnets, and phosphors. The principal economic ores 
of the rare earths are the minerals bastnásite, loparite, monazite, 
and the lateritic ion-adsorption clays (table 2). 


Legislation and Government Programs 


For the fiscal year 2012, the U.S. Geological Survey’s Mineral 
Resources External Research Program funded several initiatives 
related to rare earths. A total of $261,645 was awarded to the top 
six ranked proposals. Five of the six proposals were related to rare 
earths and included: (1) University of California, Santa Barbara, 
Evaluating mechanisms for rare earth phosphate mineralization in 
Proterozoic gneiss, Music Valley, CA; (2) University of Colorado, 
Collaborative Research with the University of Nebraska 
and the University of Colorado on the Age and Origin of the 
REE-rich Elk Creek Carbonatite, Southeast Nebraska (USA); 

(3) University of Nebraska-Lincoln, Collaborative Research 

with the University of Nebraska and the University of Colorado 
on the Age and Origin of the REE-rich Elk Creek Carbonatite, 
Southeast Nebraska (USA); (4) University of Texas at El Paso, 
Systematic investigation of REE mobility and fractionation 
during continental shale weathering; and (5) New Mexico Bureau 
of Geology and Mineral Resources, REE potential and origin 

of the Cambrian-Ordovician syenites/episyenites in the Caballo 
and Burro Mountains, southern New Mexico (U.S. Geological 
Survey, undated). 

In May, the Department of Energy (DOE) announced 
the launch of its Critical Materials Hub and plans to spend 
$120 million over 5 years. The Hub was created to support 
research focused on ensuring a reliable supply of rare earths 
and other critical materials. Universities, national laboratories, 
nonprofit organizations, and private firms were eligible to 
submit proposals for research funding. The Hub is operated 
under the name the Critical Materials Institute and is led by the 
DOE’s Ames Laboratory (U.S. Department of Energy, 2012). 

In March, the United States Trade Representative (USTR) 
requested World Trade Organization (WTO) consultations 
regarding China’s restraints on the export from China of various 
forms of rare earths, tungsten, and molybdenum. The request 
referred to 212 eight-digit Chinese Customs Commodity 
Codes and more than 30 measures. The USTR also cited a 
number of China’s published and unpublished measures that 
imposed export restrictions. These restrictions included export 
duties, export quotas, minimum export price requirements, 
export licensing requirements, and additional requirements 
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and procedures in connection with the administration of the 
quantitative restrictions. After the USTR action, the European 
Union, Canada, and Japan requested participation in the 
consultations. In July, the WTO's Dispute Settlement Body 
(DSB) established a panel to examine the dispute (World Trade 
Organization, 2014). 

In February, the Defense Logistics Agency (DLA) Strategic 
Materials, U.S. Department of Defense, began offering as 
much as $150,000 for research and development initiatives to 
increase domestic mining and refining of critical materials as 
well as efforts to conserve critical materials and substitute other 
materials. Two initiatives receiving funding involved rare-earth 
mining and processing; a third initiative would assess domestic 
rare-earth magnets used in defense platforms. Landmark Alaska 
LLC (a subsidiary of Ucore Rare Metals Inc.) proposed studying 
the feasibility of recovering yttrium and other REEs from the 
Bokan Mountain deposit in southern Alaska. Great Western 
Technologies, Inc., was investigating a process for single-phase 
extraction of yttrium for defense applications (Reece, 2013). 


Production 


In 2012, Molycorp, Inc. resumed mining and began 
commissioning its new separation operations at Mountain Pass. 
Owing to market conditions and operational issues related to 
the startup of separation operations, production was limited. 
Molycorp reported that sales from its Mountain Pass operation 
in 2012 were 2,660 metric tons (t) of rare-earth oxide (REO) 
averaging $36 per kilogram compared with 3,760 t averaging 
$82 per kilogram in 2011. Although no breakdown of sales 
was available for 2012, prior year sales were dominated 
by neodymium and (or) praseodymium (26%), lanthanum | 
(23%), and cerium (11%) products. When complete, the mine 
and processing capacity at the Mountain Pass operation was 
expected to increase to 19,100 metric tons per year (t/yr) of 
REO (Molycorp, Inc., 2013, p. 9). 

U.S. processors of rare-earth permanent magnets and | 
permanent magnet alloys included Arnold Magnetic Technologies 
Corp., Electron Energy Corp., Great Western Technologies, and 
Molycorp Metals and Alloys (formerly Santoku America, Inc.). 

Sigma-Aldrich Co. LLC produced a variety of scandium 
compounds from imported materials. АЛ domestic, 
commercially produced scandium and yttrium products were 
derived from imported compounds. The principal source of 

nds was China. 

NEM RAE Element Resources Ltd. (RER) announced 
that results from a prefeasibility study for its Bear Lodge 
project in Wyoming supported the development of a bankable 
feasibility study for the project. Based on the prefeasibility 
study, the Bear Lodge project would consist of an open pit 
mine and beneficiation plant at the Bull Hill Ише anda 
hydrometallurgical plant at Upton, WY. The prefeasibility | 

dv was based on a production rate of 10,400 t/yr of REO in 
pu f a carbonate concentrate (Rare Element Resources 
ај | ). In April, RER filed a National Instrument (NI) 
Lu liant mineral resource estimate for its Bear Lodge 
ры e en timate of the Bull Hill deposit consisted 
project. The updated P ing 3.75%-REO іп 
of 6.8 million metric tons (Mt) averaging 3. /» 7o 
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measured and indicated mineral resources, using a 1.5%-REO 
cutoff grade (Rare Element Resources Ltd., 2012b). 

In November, Ucore announced the results of a preliminary 
economic assessment (PEA) for its Bokan Mountain project 
on Prince of Wales Island, AK. Ucore planned to use a nitric 
acid leach process to produce a rare-earth concentrate and an 
unconventional solid-phase extraction technology to produce 
high-purity individual REOs. The assessment was based on a 
production rate of 2,250 t/yr of REO during the first 5 years of 
full production. Using a 0.4%-REO cutoff, inferred resources 
were estimated to be 5.3 Mt, with an average grade of 0.6594 
REO. In 2012, the resource was classified as inferred owing to 
the limited sample data available within the deposit area (Ucore 
Rare Metals Inc., 2013). 

U.S. Rare Earths, Inc. (USRE) contracted with Process 
Engineering to prepare а NI 43—101 (Form F1) technical report on 
its Diamond Creek Rare Earths property in Idaho. The report was 
to examine past exploration efforts and historic data, local 
geology, and data from current surface and drill-core sampling 
(U.S. Rare Earths, Inc., 2012b). In December, USRE initiated 
a drilling program at Diamond Creek. The company held over 
12,000 acres of mining claims in Colorado and in the Lemhi Pass 
region of Idaho and Montana (U.S. Rare Earths, Inc., 20124). 

Hitachi Metals America, Ltd. proceeded with plans to begin 
production of neodymium-iron-boron (Nd-Fe-B) sintered magnets 
at its subsidiary in China Grove, NC. Although Hitachi had 
originally planned to produce rare-earth metals at the facility, 
the operation was expected to consume purchased rare-earth 
alloys for the production of magnets. The China Grove operation 
has produced arc-segment magnets for use in motors since the 
1990s. The expansion was expected to produce Nd-Fe-B magnets 
primarily for use in hybrid and electric vehicles (Minn, 2011). 

Molycorp announced that SRK Consulting had completed an 
updated reserve estimate for its Mountain Pass deposit. Using a 
cutoff grade of 5%, the estimated proven and probable reserves 
at Mountain Pass contained 1.3 Mt of REO. Using an average 
production rate of 19,000 t/yr of REO, the expected mine life 
was in excess of 30 years (Molycorp Inc., 2013, p. 40). 


Consumption 


Data on domestic rare-earth consumption were developed by 
surveying known processors and manufacturers and evaluating 
import and export data. Domestic consumption of rare earths 
was not calculated in 2012 because insufficient data were — 
available to calculate apparent consumption. A study by Curtin 
University and Industrial Minerals Co. of Australia Ру e Я 
estimated consumption of REO to be 115,000 t +15% in? i 
Based on this and other industry reports, U.S. рони was 
estimated to be 10% to 1596 of global consumption т 2012 " 
(China Rare Earth Information, 2013; Kingsnorth, ae . 

Import data retrieved from the PIERS database ups a) 
that the estimated use of rare earths in 2012 was BEI i 
catalysts (5696), metallurgical applications and тӘ. i 
permanent magnets (6%), glass polishing (6%), and о um 
(496). Owing in part to reduced demand for pied А 
imports were estimated to have decreased by 66 А p кы 
compared with those of 201 ]. Yttrium deae soplication 
primarily in ceramics, phosphors, and metallurg 
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(JOC Group Inc., undated). Domestic use of scandium was 
primarily for fuel cells and as an additive in aluminum alloys. 


Prices 


Following spikes in mid-2011, prices for most rare-earth 
products declined significantly in 2012. Prices for REOs were 
lower in large part because of excessive stocks and efforts by 
consumers to substitute or minimize consumption of these 
materials. However, uncertainty with respect to the long- 
term supply of rare earths kept most prices generally higher 
compared with prices in 2010. Recycling of cerium oxide 
polishing abrasives and low-rare-earth catalyst formulations 
caused average yearend prices of cerium and lanthanum oxides 
to decrease by 74% and 80%, respectively. Weak demand from 
phosphor producers caused sharp declines in europium oxide, 
terbium oxide, and yttrium oxide prices. REEs used in Nd-Fe-B 
and samarium-cobalt permanent magnets experienced similar 
price declines. 


Foreign Trade 


Data in this section are based on gross weight; data in the 


tables are also converted to REO content. U.S. rare-earth exports 


totaled 5,630 t valued at $120 million, approximately a 44% 
decrease in quantity and а 52% decrease in value compared with 
those of 2011 (table 4). U.S. imports totaled 8,020 t valued at 
$519 million, a 2096 decrease in quantity and a 3596 decrease 
in value compared with those of 2011. On a gross-weight 
basis, rare-earth compounds (including oxides, hydroxides, 
nitrates, other compounds excluding chlorides and all cerium 
compounds) was the largest export category, accounting for 
50% of total exports (table 5). Substitution, increased material 
efficiencies, and destocking caused U.S. imports and exports to 
fall to the lowest levels since the early 1990s. China continued 
to dominate most import markets, especially for mixed and 
individual rare-earth compounds. Japan was the leading source 
of yttrium compounds and France was the leading source of 
ferrocerium and other pyrophoric alloys. 


World Review 


Australia, —In New South Wales, Alkane Resources Ltd. 
continued to develop its Dubbo Zirconia project with planned 
production of hafnium, niobium, rare-earth, tantalum, and 
zirconium products. Proven and probable reserves of REO, 
including yttrium oxide, were estimated to contain 316,000 t 
of REO, based on a 1.594 cutoff grade (combined ZrO,, Nb,O,, 
and REO) (Alkane Resources Ltd., 2011). In 2012, Alkane 
operated a demonstration plant to improve rare-earth recovery 
and entered into a toll processing agreement with Shin-Etsu 
Chemical Co., Ltd. to further process rare-earth concentrates 
into separated rare-earth oxides (Alkane Resources Ltd., 201 2a). 
At yearend, Alkane’s environmental impact statement neared 
completion and was scheduled to be completed in 2013 (Alkane 
Resources Ltd., 2012b). 

Arafura Resources Ltd. announced a probable reserve 
estimate for its Nolans Bore project in the Northern Territory. 
Using a 1% cutoff grade, probable reserves were estimated 
to contain 672,000 t of REO. Based on a nominal capacity of 
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20,000 t/yr, the reserve was estimated to support a mine life of 
22 years (Arafura Resources Ltd., 2012). 

In May, Lynas Corp. temporarily idled its Mount Weld 
concentration plant because it had produced sufficient stocks 
ahead of the ramp up of separation operations in Malaysia. 

In September, Lynas announced an update of its ore reserves 

at Mount Weld, Western Australia. The ore reserves at the 
Central Lanthanide deposit were estimated to contain 1.14 Mt 
of REO. The new reserve estimate was a 260% increase in 
REO compared with the prior estimate from 2005. Based on a 
production capacity of 22,000 t/yr, the reserve was estimated 

to support a mine life of more than 25 years. At yearend, 
15,200 t of concentrate containing 5,410 t of REO were bagged 
and ready for export. Lynas estimated that its expansion of 
concentrate to 22,000 t/yr of REO from 11,000 t/yr of REO was 
84% complete (Lynas Corp. Ltd., 2012, p. 6, 7). 

Brazil.—The Departamento Nacional de Producáo Mineral 
Brazilian increased its estimate of Brazil's reserves to 22 Mt of 
contained REO. Companies who held these reserves included 
Companhia Brasileira de Metalurgia e Mineração (14 Mt of 
mineable reserves), Minas Gerais State-owned Companhia de 
Económico Minas Gerais (8 Mt of mineable reserves ), and Vale 
Fertilizantes S/A (unspecified reserves) (Andrade, 2013). 

Canada.—Avalon Rare Metals, Inc. continued to develop its 
Nechalacho project, Thor Lake, Northwest Territories. In 2012, 
Avalon announced an updated resource estimate for the deposit 
based on drilling completed through November 2011. Using a 
$320 net metal return (NMR, in situ value of all payable metals) 
cutoff, the company estimated a measured resource of 120 Mt 
containing 1.5% REO. In January 2011, probable mineral 
reserves were estimated at 15 Mt containing 1.5% REO using 
a NMR cutoff value of $300 per ton projected to 2015. A target 
date for initial production was set for late 2016, subject to the 
completion of a feasibility study scheduled for 2013 (Avalon 
Rare Metals, Inc., 2012, p. 21, 25). 

In March, Matmec Explorations Inc. announced the completion 
of a PEA by SGS Geostat Inc. on its Kipawa project. Based on 
a 0.2%-REO cutoff grade, the indicated resource was 18 Mt in 
the mineral forms of eudialyte (10 Mt), monsandrite (3.9 Mt), 
and britholite (3.4 Mt) containing a total of 77,000 t of REO. The 
PEA was based on the production of about 5,100 t/yr of mixed 
concentrate with a mine life of about 13 years. In May, Matamec 
awarded contracts for a full feasibility study and environmental 
and social impact assessments. In September, Matamec 
announced that a hydrometallurgical pilot plant for the Kipawa 
project had produced a 77% REO concentrate. The company 
amended a memorandum of understanding with Japan's Toyota 
Tsusho Corp. to provide Can$1.5 million for the development of 
the Kipawa deposit (Matamec Explorations Inc., 2012 a, b, c). 

Molycorp acquired Canada-based Neo Material Technologies 
Inc., a producer of magnet materials and rare-earth metals and 
compounds including Nd-Fe-B magnetic powder. With the 
Neo Material acquisition, Molycorp expanded its operations 
to include joint ventures and majority-owned manufacturing 
facilities in China, Estonia, Germany, the Republic of Korea, 
Thailand, and the United States (Molycorp Inc., 2013, p. 6). 

In October, Quest Rare Minerals Ltd. announced a revised 
NI 43-101-compliant resource estimate for the Strange Lake 
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B-Zone deposit. According to Quest, the resource would support 
a mine life of more than 30 years. Based on a 0.5% cutoff grade, 
the indicated resource of 280 Mt contained about 0.93% REO 
(Quest Rare Minerals Ltd., 2013, p. 5). 

China.— China continued to dominate REE supply, 
accounting for more than 90% of global mine production in 
2012. LREE mine production was primarily from bastnasite and 
other rare-earth minerals in Nei Mongol Autonomous Region 
and Sichuan Province. HREE mine production was primarily 
from ion-adsorption ores in Fujian, Guangdong, and Jiangxi provide for the sustainable development of mineral and metal | 
Provinces in southeastern China. In 2012, REO mine production resources including rare earths. In 2012, the Japan Oil, Gas 
was estimated to be 100,000 t and consumption was estimated to and Metals National Corp. (JOGMEC) established a recycling 


processing plant in Odisha. When completed, the plant was 
expected to produce as much as 2,500 t/yr of REO derived 
from monazite produced at OSCOM’s heavy-mineral sands 
operations (Toyota Tsusho Corp., 2012, p. 23). 

Japan.—lIn response to concerns regarding supply 
restrictions, Japan's government and industry were pursuing 
a number of efforts designed to diversify its rare-earth supply. 
Japan formed exploration and research cooperative agreements 
in India, Kazakhstan, Kyrgyzstan, Myanmar, and Vietnam to 


| 
be more than 84,000 t. process for polishing compounds and phosphors containing | 
China's Ministry of Land and Resources (MLR) did not REE. JOGMEC also was active in exploration of deep-sea 
disclose mine production quotas for Chinese producers in 2012 mineral resources (Japan Oil, Gas and Metals National Corp., 
as it had done in prior years. In 2011, the production quota was 2012, p. 5; 2013, p. 22-24). Japan Metals & Chemicals Co., 
set at 93,800 t and the production quota for 2013 was expected Ltd. and Honda Motor Co., Ltd. began a program to recover 
to be similar to that of 2011 (Bloomberg News, 2013). rare earths from nickel-metal-hydride (NiMH) batteries (Honda 
In April, the Association of China Rare Earth Industry was Motor Co., Ltd., 2012). 
formed to promote consolidation and sustainable development Kazakhstan.—Summit Atom Rare Earth Co. LLP (SARECO), 
in the rare-earth industry. The association consisted of more a joint venture between the Sumitomo Corp. and Kazakhstan's 
than 100 members and included companies throughout the rare- Government-owned National Atomic Co. (Kazatomprom), 
earth supply chain. The association reported to the Ministry of completed construction of a rare-earth-processing plant in 
Industry and Information Technology (Yan, 2012). Stepnogorsk. The SARECO plant was expected to recover 
In June, China's State Council published a report describing REEs from uranium-ore residue and produce up to 1,500 Џуг 
the rare-earth industry in China and plans to restructure its of rare-earth carbonate with a high content of dysprosium and 
rare-earth industry. The report described China's plans to limit neodymium. An opening ceremony was held in November | 
mine output, crack down on illegal operations, consolidate the and an expansion to 5,000 to 6,000 t/yr was planned by 2017 
REE industry, encourage technical development, and enforce (Sumitomo Corp., 2012). | 
environmental controls (State Council, 2012, р. 12—24). Malaysia.—In September, Malaysia's Atomic Energy 
In August, China initiated a minimum production threshold Licensing Board announced the issuance of the temporary | 
for rare-earth producers. Based on the new rule, each rare-earth operating license for the Lynas REO-processing plant near | 
mining company was expected to have capacity of at least Kuantan. The commissioning of the 11,000-Uyr separation a | 
20,000 t/yr of REO, and for each rare-earth smelting company, plant was delayed by appeals from environmental и | | 
ће minimum capacity was set at 5.000 t/yr. Production capacity processing of imported concentrate began in in pt | 
was expected to be reduced by 20% as a consequence of smaller reported that a project to double capacity to 22,000 t/yr was 
i losing to comply with the new ruling (Global complete at yearend (Lynas Corp. Ltd., 2012, p. 4-7). 
кы Е South Africa.—Great Western Minerals Group Ltd. 
Eee M of Commerce (MOFCOM) rare-earth (GWMG) continued its efforts tor ponent e | 
export quota for 2012 was 30,996 t. Included in the quota were Steenkampskraal Mine in the Western Cape. E : 
ed to companies with foreign joint venture formed a joint-venture agreement with China s Ganzhou 
Apre oE | iandong Rare Earth Group Co. Ltd. (СОР). Under the 
s that were limited to 25% of the total. In December, Qiandong Rare Ea RS еј ld be 
MOFCOM announced that its first rare-earth export quota would agreement, a mixed rare-earth chloride plant ne ЕР 
Ж 50% of ће total quota for 2012. In contrast to 2012, constructed at the Steenkampskraal mine site anc a |. н 
be about 20% OF d quantities for light rare-earth products extraction separation plant that would process пихе rar А 
Moreo sans A d (or) heavy rare earth products earth chloride from Steenkampskraal on a toll basis would А 
» jum E Аы унели quotas allocated to companies constructed at Vredendal, uis Me QN CRM | 
38 t). 1 ne | i Cape. p 
fhe foreign joint-venture partners increased compar ed with sala ince tee “к ае facility. At yearend, GWMG 
those in 2012 ieai R Ltd. (IREL) neared completion was in the process of updating its resource AA EEG. 
в wee lant at its Odisha Sands Complex 1% cutoff grade, the indicated resource was 32,1 


| i | inerals Group 
d at OSCOM was expected to be processed into estimate published in May 2012 (Great Western Min 
i 144. 2013, p. 5-9): | 
unds by IREL's Udyogamandal plant, Ааа, Vietnam. 1,21 Chau Rare Earth Co. and Japan's Dong Рао 
Rare Earth Development Co. agreed to develop the Dong 


: prd ; ture was expected x 
Bureau Ou пен subsidiary in India, Toyotsu Rare deposit in Lai Chau. If successful, the ven letion schedule 
[n July, 10yo 


chloride produce 


ompo \luva 
verear (Bhabha Atomic Energy Center, 2012, p. 2; Indian 
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was available for this project (Vietnam National Coal Mineral 
Industries Holding Co. Ltd., 2012). Although no official mine 
production was reported in 2012, an unspecified amount of rare- 
earth minerals was reported to be illegally mined in Lai Chau 
(TalkVietnam.com, 2012). 

Shin-Etsu Chemical Co., Ltd. announced plans to construct 
a rare-earth separation and refining facility in Hai Phong. 
Scheduled for production in 2013, the facility was expected 
to recycle post-consumer magnets and new scrap from the 
company's rare-earth magnet production facilities. Feasibility 
studies were planned to expand the operation to process rare- 
earth ores (Shin-Etsu Chemical Co., Ltd., 2012). 


Outlook 


China is expected to continue to dominate the global 
consumption and production of rare earths, but production 
outside of China likely will increase. Global markets for rare- 
earth consumption are expected to be led by (in descending 
order by tonnage) permanent magnets, battery alloys, catalysts, 
polishing compounds, and phosphors. New design and 
technology advancements may reduce the weight per unit 
volume of certain rare earths in magnets and phosphors by 2015. 
Rare-earth materials are likely to continue to play an essential 
role in several critical weapons components and systems such as 
aircraft, communication systems, electric vehicles, lasers, naval 
vessels, and guided missiles. 

Demand for Nd-Fe-B magnets was expected to increase to 
78,000 t in 2015, compared with 63,000 t in 2012. Expanding 
requirements for Nd-Fe-B magnets are expected to increase 
demand for dysprosium, neodymium, and praseodymium. 
Although China is a dominant magnet producer, new 
production facilities are planned in Japan and the United States 
(Benecki, 2013). 

Most hybrid electric vehicles (HEV) in 2012 used NiMH 
battery technology. Global HEV sales have been projected 
to reach more than $6 billion in 2015 and almost double that 
in 2020, but were expected to account for less than 5% of 
automotive sales. Some portion of these vehicles will likely 
use REE-bearing NiMH batteries for energy storage, although 
NiMH batteries will continue to compete with lithium and other 
battery technologies (Pillot, 2013, p. 29). 

Increased prices for rare-earth materials in 2010 and 2011 
initiated recycling programs for polishing compounds and 
created interest in substitution with low-rare-earth or rare-earth- 
free catalysts and phosphors. Consequently, future demand for 
rare earths in these application areas is expected to be influenced 
by rare-earth prices. 

Recent shortages of rare earths have compelled companies to 
explore and develop rare-earth deposits throughout the world. 
Obtaining environmental approvals, financing, and offtake 


agreements are expected to be key factors in the success of 
these projects. 
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TABLE 2 
RARE EARTH CONTENTS OF SELECTED SOURCE MINERALS"? 


(Percent of total rare-earth oxide) 


Bastnásite Monazite 
Mountain Pass, Bayan Obo, Nei Mount Weld, Nangang, 

Rare earth CA, United States” Mongol, China" Australia? Guangdong, China® 
Yttrium 0.10 trace trace 2.40 
Lanthanum 33.20 23.00 26.00 23.00 
Cerium č č 49.10 50.00 51.00 42.70 
Praseodymium 4.34 6.20 4.00 4.10 
Neodymium 12.00 18.50 15.00 17.00 
Samarium 0.80 0.80 1.80 3.00 
Europium 0.10 0.20 0.40 0.10 
Gadolinium 0.20 0.70 1.00 2.00 
Terbium trace 0.10 0.10 0.70 
Dysprosium trace 0.10 0.20 0.80 
Holmium trace trace 0.10 0.12 
Erbium trace trace 0.20 0.30 
Thulium trace trace trace trace 
Ytterbium trace trace 0.10 2.40 
Lutetium trace trace _ trace _ 0.14 | 

Тога! 100 100 100 100 

Loparite Rare earth laterite Xenotime 
Revda, Murmansk Xunwu, Jiangxi Longnan, Jiangxi Southeast 
Oblast, Russia’ Province, China® Province, China® Guangdong, China’ 

Yttrium 1.30 8.00 65.00 59.30 
‘Lanthanum 25.00 43.40 1.82 1.20 
Cerium 50.50 2.40 0.40 3.00 
Praseodymium 5.00 9.00 0.70 0.60 
Neodymium | 15.00 31.70 3.00 3.50 
Samarium 0.70 3.90 2.80 2.20 
Europium 0.09 0.50 0.10 0.20 
Gadolinium 0.60 3.00 6.90 5.00 
Terbium trace trace 1.30 1.20 
Dysprosium —— - 0.60 trace 6.70 9.10 
Holmium 0.70 trace 1.60 2.60 
Erbium 0.80 trace 4.90 5.60 
Thulium — — 0.10 trace 0.70 1.30 
Ytterbium — 0.20 0.30 2.50 6.00 | 
Lutetium | 0.15 ШЗ, = 0.40 1.80 | 
SCC — = 100 100 ~ 100 NR | 


!Data are rounded to no more than three significant digits; may not add to totals shown. 
?Rare earths are listed in order of atomic number. | 
Johnson, G.W., and Sisneros, T.E., 1981, Analysis of rare-earth elements in ore concentrate samples using A 
current plasma spectrometry— Proceedings of the 15th Rare Earth Research Conference, Rolla, MO, June 15-18, 
1981: New York, NY, Plenum Press, v. 3, p. 525-529. T 
^Zang, Zhang Bao, Lu, Ke Yi, King, Kue Chu, Wei, Wei Cheng, and Wang, Wen Cheng, 1982, Rare-earth industry 
in China: Hydrometallurgy, v. 9, no. 2, p. 205-210. | o" 
*Kingsnorth, Dudley, 1992, Mount Weld—A new source of light rare earths— Proceedings of ы pen Mm. | 
Australasian Institute of Mining and Metallurgy, Rare Earth Symposium, San Diego, CA, March 1-5, 
Australia, Lyncs Gold NL, 8 p. | 
i | i f Neodymium 

6х1, Zhang, 1986, The present status of Nd-Fe-B magnets in China— Proceedings of the siae Rt mm 
Iron-Boron Materials on Permanent Magnet Users and Producers Conference, Clearwater, FL, › 
Clearwater, FL, Gorham International Inc., 5 p. "m 
"Hedrick J.B., Sinha, S.P., and Kosynkin, V.D., 1997, Loparite, a rare-earth ore: Journal of Alloys and Comp 
v. 250, 467-470. | 

ad | дир 42 p. 
8Introduction to Jiangxi rare-earths and applied products, 1985, Jiangxi Province brochure, 42 p 


‚ 94, May, р. 23-28. 
?Nlakamura, Shigeo, 1988, China and rare metals—Rare earth: Industrial Rare Metals, по y.P 
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TABLE 3 
RARE-EARTH OXIDE PRICES IN 2012! 


Price 


(dollars per 


kilogram) 
4,700 
88 


117 
62 
2,440 
92 
1,950 
1,010 


Purity 
Product (oxide) (percent) 
Scandium? 99.990 
Yttrium? 99.999 
Lanthanum? 99.000 
Praseodymium 99.000 _ 115 
Neodymium? 99.000 
Samarium? 99.000 
Europium? 99.900 
Gadolinium? 99.000 
Terbium? 99.000 
Dysprosium? 99.000 


Products are listed in order of atomic number. 


?Source: Stanford Metals Corp. 
Source: Metal-Pages Ltd. 
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TABLE 4 


U.S. EXPORTS OF RARE EARTHS, BY COUNTRY! 


Category” and country 

Cerium compounds (2846.1 0.0000): 

Austria 

Belgium 

Canada 

China 

Egypt 

Estonia 
. France 


Germany 
csl с мез. з, э = = „з. шс 
Ireland 
enu аи э Чи кыт т E eee ДА 
Israel 


Japan 
рына, те CR MM I MM EE ЕВ 
Netherlands - 
United Kingdom | 
Vietnam ~ 
Other 


Total 
Total estimated equivalent rare-earth oxide (REO) content 
Ferrocerium and other pyrophoric alloys (3606.90.0000): 
Australia 


Canada 
Chile 
Dominican Republic 
_ France 
Germany 
. Hong Kong 
Italy 
Jamaica 
Japan 
Mexico 
Netherlands 
Panama 
_ Saudi Arabia 
United Arab Emirates 
— United Kingdom 
Other 


Rare-earth compounds” (2846.90.0000): 
_ Austria 


~ Czech Republic _ 

Estonia — | 

“France E dba 
Germany cines pu 

— India | M Co ен 5 

Japan _ cem = 
Mexico _____- УН 

_ Netherlands. шы, - " — 
_ Russia - ы к= er 

_ Taiwan 


ҮЮШЛай _. en 
See footnotes at end of table. 
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2011 2012 
Gross weight Gross weight 
(kilograms) Value (kilograms) Value 

64,900 $3,780,000 36,000 $1,170,000 
9,060 378,000 71,600 1,560,000 
39,600 513,000 10,400 370,000 
139,000 1,780,000 131,000 2,060,000 
200 4.230 57,800 1,330,000 
378,000 6,380,000 160,000 155,000 
69,700 3,490,000 17 23,200 
141,000 1,800,000 90,900 950,000 
78,800 2,170,000 57,200 1,200,000 
65,000 940,000 163,000 2,060,000 
122,000 4,140,000 48,400 1,590,000 
80,000 2,130,000 18,400 684,000 
102,000 637,000 25,300 354,000 
20,100 592,000 24,100 646,000 
161,000 14,500,000 14,400 229,000 
166,000 " 7,700,000 г 82,900 2,520,000 
1,640,000 50,900,000 992.000 16,900,000 
1,640,000 ХХ 992,000 ХХ 
15,300 3,660,000 21,200 3,340,000 
462,000 2,040,000 398,000 2,180,000 
27,100 51,300 12,200 23,800 
118,000 171,000 37,300 53,200 
13,400 165,000 43,800 436,000 
6,790 250,000 13,100 298,000 
16,300 567,000 10,900 345,000 
572 27,600 41,400 47,300 
33,200 51,100 18,200 51,500 
31,300 559,000 17,300 575,000 
1,120,000 2,590,000 92,300 431,000 
33,700 114,000 53,000 168,000 
2,010 5,970 19,300 3,200 
1,650 87,200 20,200 104,000 
52,400 111,000 1,000 3,720 
153,000 5,540,000 132,000 3,130,000 
185,000 ' 2,360,000 " 141,000 1,490,000 
2,270,000 18,300,000 1,070,000 12,700,000 
2,010,000 ЭС 951,000 ХХ 
134,000 4,150,000 25,900 835,000 
88,900 1,360,000 47,000 1,410,000 
61,900 3,150,000 69,800 3,170,000 
136,000 2,300,000 247,000 6,260,000 

19,100,000 > 
рУ 2,470,000 135,000 9,450,000 
і 3,080,000 

50,600 2,510,000 119,000 
24,400 1,240,000 
68,200 2,380,000 32:500 
96,900 2,510,000 10,900 dT 
115,000 11,700,000 53,000 оО 
351,000 4,570,000 40,700 oi 
ae nude MO 2460000 
13,600 536,000 71,600 pex 
1,750 242,000 179,000 ae A 
334,000 36,700,000 41,000 qm 

304,000 9,060,000 8530 _—— 
INERALS YEARBO 
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TABLE 4—Continued 
U.S. EXPORTS OF RARE EARTHS, BY COUNTRY! 


‚2ш. а Е —  —-—-—-—————— MÀ." S .1||CAnBDSDS OE e ER 


2011 2012 
Gross weight Gross weight 
Category” and country (kilograms) Value (kilograms) Value 
Rare-earth compounds? (2846.90.0000):—Continued 
Total 3,620,000 116,000,000 1,830,000 66,400,000 
Total estimated equivalent REO content 3,620,000 XX 1,830,000 XX 
Rare-earth metals, including scandium and yttrium (2805.30.0000): 
China 951,000 2,750,000 65,500 476,000 
Hong Kong 56,600 274,000 486,000 1,410,000 
Japan 839,000 48,000,000 79,600 10,800,000 
Philippines 394,000 3,400,000 1,010,000 8,900,000 
Other 283,000 ' 9,500,000 г 86,000 2,810,000 
Total 2,520,000 63,900,000 1,730,000 24,400,000 


Total estimated equivalent REO content 3,030,000 XX 2,080,000 XX 
"Revised. XX Not applicable. -- Zero. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
?Harmonized Tariff Schedule of the United States category numbers. 
?[norganic and organic. 


Source: U.S. Census Bureau. 
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ТАВГЕ 5 
U.S. IMPORTS FOR CONSUMPTION OF RARE EARTHS, BY COUNTRY! 


SS ак а вас = а ^^ 
Gross weight Gross weight 
Category? and country (kilograms) Value (kilograms) Value 
Cerium compounds, including oxides, hydroxides, nitrates, sulfate, chlorides, 
oxalates (2846.10.0000): 
Austria 302,000 $10,400,000 187,000 $8,030,000 
China 640,000 38,500,000 1,040,000 24,200,000 
Estonia 182,000 10,600,000 428,000 6,020,000 
India 192,000 7,370,000 150 17,200 
Japan 168,000 8,710,000 189,000 10,300,000 
Spain 923 20,300 80,300 816,000 
Other 190,000" 11,500,000 1 152,000 2,530,000 
Total 1,670,000 87,100,000 2,080,000 52,000,000 
Total estimated equivalent rare-earth oxide (REO) content 1,120,000 XX 1,390,000 XX 
Ferrocerium and other pyrophoric alloys (3606.90.3000): 
Austria 28,200 646,000 69,700 936,000 
China 44,100 801,000 85,900 1,270,000 
France 133,000 2,440,000 155,000 6,390,000 
Other 3,330 46,500 493 12,700 
Total 209,000 3,930,000 311,000 8,610,000 
Total estimated equivalent REO content 186,000 XX 276,000 XX 
Mixtures of rare-earth chlorides, except cerium chloride (2846.90.2050): 
China 636,000 40,600,000 717,000 9,030,000 
France 120,000 2,010,000 236,000 1,790,000 
Korea, Republic of 29,300 1,820,000 38,600 1,560,000 
Other 46,000 " 7,280,000 г 84,100 15,300,000 
Total 831,000 51,700,000 1,080,000 27,700,000 
Total estimated equivalent REO content 382,000 XX 495,000 XX 
Mixtures of REOs except cerium oxide (2846.90.2010): 
China 1,740,000 92,600,000 334,000 9,700,000 
Estonia 17,000 2,370,000 103,000 2,190,000 
Other 78,100" 7,240,000 99,600 13,800,000 
Total 1,830,000 102,000,000 537,000 25,700,000 
Total estimated equivalent REO content 1,830,000 XX 537,000 XX 


a videi i a UC БАЕ ААВАА T E ERERE: 


Rare-earth compounds, including oxides, hydroxides, nitrates, other compounds 
except chlorides (2846.90.8000): 
Austria 
China 
France 
Japan 
Other 
Total 
Total estimated equivalent REO content 
Rare-earth metals, whether intermixed or alloyed (2805.30.0000): 
Austria 
China 
Hong Kong 
Japan 
United Kingdom 
Other 
Total 
Total estimated equivalent REO content 
Yttrium compounds content by weight greater than 1994 but less than 8594 
oxide equivalent (2846.90.4000): 
Austria 
China 
Japan 
Li. GEM ы зт E IE E 
S ы с ы е ы ас LM DP MC NER = 
Total estimated equivalent REO content 
See footnotes at end of table. 
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|. $7,900 


12,100 

37,000 
3,060 
5,730 г 


34,700 
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169,000 
9,140,000 
739,000 

1,730,000 7 
11,800,000 
XX 


171,000 15,900,000 194,000 19,900,000 
3,340,000 279,000,000 1,950,000 127,000,000 
425,000 52,500,000 787,000 101,000,000 
701,000 74,200,000 566,000 79,300,000 
393,000* — 53,100,000 г 286,000 51,400,000 
5,030,000 475,000,000 3,790,000 378,000,000 
,770,000 XX 2,840,000 XX 
13,400 870,000 11,600 924,000 
282,000 54,600,000 153,000 19,500,000 
17,200 1,220,000 2 -- 
31,400 6,060,000 5,770 237,000 
3,070 510,000 17,800 231,000 
43,300* 7,630,000" 12,500 _ 908,000 
390,000 70,800,000 200,000 21,800,000 
468,000 XX 240,000 XX 


_ 909,999 AA ане 


258 196,000 
15,800 3.600,000 
25,200 513.000 

4,030 1,560,000 
45,400 5,870,000 
27,200 XX 
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TABLE 5—Continued 
U.S. IMPORTS FOR CONSUMPTION OF RARE EARTHS, BY COUNTRY! 


Bi Е аа ааа Баа ЕЕ 


"Revised. XX Not applicable. -- Zero. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
?Harmonized Tariff Schedule of the United States category numbers. 


Source: U.S. Census Bureau. 


TABLE 6 
RARE EARTHS: ESTIMATED WORLD MINE PRODUCTION, BY COUNTRY"? 


(Metric tons of rare earth oxide equivalent) 


Country? 2008 2009 2010 2011 2012 

Australia -- - — 2,188 4 3,222 4 

Brazil 460 4 170 4 140 ^ 160 7^ 206 Р 
China 125,000 129,000 120,000 105,000 100,000 
India 2,700 2,700 2,800 2,800 2,900 
Malaysia 120 13 380 ' 410' 100 
Russia 3,400 2,600 2,300 2,500 2,400 
United States -- -- -- -- 3,000 
Total 132,000" 134,000' 126,000" 113,000" 112,000 


PPreliminary. ‘Revised. -- Zero. 
! World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes data available through July 16, 2014. 
31n addition to the countries listed, rare-earth minerals are thought to be produced in Indonesia, Nigeria, North Korea, 
Vietnam, and some Commonwealth of Independent States countries, but information is inadequate for formulation of 


reliable estimates of output levels. 
"Reported figure. 
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RECYCLING—METALS 


By John F. Papp 


Survey data and tables were prepared by Maria Arguelles, E. Lee Bray, Mark Brininstool, Michael D. Fenton, 
George M. Bedinger, David E. Guberman, Peter H. Kuck, and Amy C. Tolcin. 


In 2012, the United States recycled 69.0 million metric tons 
(Mt) of selected metals, an amount equivalent to 59% of the 
apparent supply of those metals (table 1). More than 91% of 
recycled metal was steel, and more than 90% of apparent supply 
was steel. The United States exported 26.7 Mt of scrap metal 
and imported 5.3 Mt of these same metals (table 2). 

Metals are important, reusable resources. Although the 
ultimate supply of metal is fixed by nature, human ingenuity 
determines the quantity available for use in developing 
economical processes to recover metal from the Earth and 
recycle metal from the use/process stream. The reusable 
nature of metals contributes to the sustainability of their use. 
Recycling, a significant factor in the supply of many of the 
metals used by society, provides environmental and economic 
benefits such as energy savings and reduced volumes of waste. 

The term “primary” indicates material from ore deposits, 
and the term “secondary” indicates material from recycling, 
including used products and residuals from manufacturing. 
Recycling practices vary substantially among the metal 
industries. Generally, scrap is categorized as “new” or “old.” 
“New” indicates preconsumer sources, and *old," postconsumer 
sources. The many stages of industrial processing that precede 
formation of an end product are the sources of new scrap. For 
example, when metal is converted into shapes— bars, plates, 
rods, or sheets—new scrap is generated in the form of cuttings, 
trimmings, and off-specification forms. When these shapes are 
converted to parts, additional new scrap may be generated in the 


form of cuttings, stampings, turnings, and off-specification parts. 


Similarly, when parts are assembled into products, new scrap 
may be generated. A wide variety of descriptive terms, many 
duplicative, including external scrap, home scrap, internal scrap, 
mill scrap, prompt scrap, and purchased scrap, has evolved to 
describe scrap generated by diverse industry practices. 

Once a product completes its useful life, it becomes a source 
of old scrap. Used appliances, automobiles, and beverage cans 
are examples of sources of old consumer scrap; used jet engine 
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Google 


blades and vanes, junked machinery and ships, and metal 
recovered from commercial buildings or industrial plants are 
examples of old industrial scrap. The material flow of recycled 
metal commodities in the United States has been documented 
in a series of reports published by the U.S. Geological Survey 
(Sibley, 2006-11). 

World recycling may be characterized by recycled content 
of materials and end-of-life recycling rate. One study on the 
recycling rate of 60 elements showed that the recycling rate of 
commonly used base metals, such as some of those reported 
for the United States in this chapter, exceeds 50% and that 
numerous elements used for very specific technical reasons 
are seldom recycled (Reck and Graedel, 2012). Another 
study developed recycling options for select waste electronic 
equipment to recover raw materials anticipated to be critical to 
future technologies. Recommended were increased collection 
rate, reduced illegal export, supportive national policy, improved 
disassembly, improved recycling methods, temporary storage 
of waste, and design (of equipment) for recycling (of that 
equipment) (Buchert and others, 2012). 

Individual annual reviews for each of the metals listed in 
the tables are in the respective chapters in this volume of the 
U.S. Geological Survey Minerals Yearbook, volume I, Metals 
and Minerals. 
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TABLE 1 
SALIENT U.S. RECYCLING STATISTICS FOR SELECTED METALS! 


U.S. GEOLOGICAL SURVEY MINERALS YEARBOO 


Quantity of metal Value of metal 
(metric tons) (thousands) 
Recycled from Recycled from Apparent Percentage Recycled from Recycled from Apparent 
Year new scrap" old scrap’ Recycled’ supply” recycled® new scrap” old scrap” Recycled" supply 
Aluminum: 
2008 2,130,000 1,500,000 3,630,000 6,070,000 60 $5,660,000 $3,970,000 $9,640,000 $16,100,000 
2009 1,570,000 1,260,000 2,820,000 4,890,000 58 2,740,000 2,200,000 4,940,000 8,550,000 
2010 1,540,000 1,250,000 2,790,000 5,000,000 56 3,550,000 2,880,000 6,430,000 11,500,000 
2011 1,640,000 " 1,470,000" 3,120,000" 5,210,000" 60 4,200,000 " 3,770,000" 7,980,000" 13,300,000 
2012 1,830,000 1,440,000 3,270,000 5,780,000 57 4,080,000 3,210,000 7,290,000 12,900,000 
Chromium:? 
2008 NA NA 146,000 432,000 34 NA NA 491,000 2,600,000 
2009 NA NA 141,000 160,000 88 NA NA 218,000 234,000 
2010 NA NA 144,000 384,000 37 NA NA 329,000 800,000 
2011 NA NA 147,000 450,000 ' 33 NA NA 334,000 ' 825,000" 
2012 МА МА 146,000 470,000 31 МА МА 491,000 999,000 
Copper: 
2008 700,000 159,000 859,000 2,700,000 32 4,930,000 1,120,000 6,050,000 18,900,000 
2009 639,000 138,000 771,000 2,220,000 35 3,400,000 734,000 4,130,000 11,800,000 
2010 642,000 143,000 785,000 2,400,000 33 4,930,000 1,100,000 6,030,000 18,400,000 
2011 649,000 153,000 802,000 2,380,000 34 5,810,000 1,370,000 7,180,000 21,300,000 
2012 629,000 163,000 792,000 2,400,000 33 5,090,000 1,320,000 6,410,000 19,400,000 
Iron and ${ее!: 
2008 NA NA 67,600,000 109,000,000 62 NA NA 23,600,000 . 37,600,000 
2009 NA NA $3,500,000 ^ 69,300,000 77 МА NA 10,900,000" 12,600,000 
2010 NA NA 59,700,000 ^ 90,200,000 66 NA NA 19,500,000 " 27,100,000 
2011 NA МА 62,800,000' 99,300,000 ' 63 NA NA 25,000,000' 37,000,000 
2012 NA NA — 63,100,000 106,000,000 59 NA NA 22,800,000 35,400,000 
Lead:" 
2008 20,100 1,120,000 1,140,000 1,540,000 75 53,300 2,980,000 3,040,000 4,080,000 
2009 21,600 1,090,000 1,110,000 1,380,000 80 41,400 2,090,000 2,130,000 2,640,000 
2010 24,100 1,120,000 1,140,000 1,380,000 81 57,900 2,680,000 2.740,000 3,310,000 
2011 21,600 1,110,000 1,130,000 1,520,000 73 58,000 2,980,000 3,040,000 4,080,000 
2012 19,200 1,090,000 1,110,000 1,490,000 74 47,100 2,680,000 2,720,000 3,670,000 
Magnesium:" | 
2008 61,100 22,600 83,700 170,000 49 451,000 167,000 618,000 _ 1,250,000 
2009 47,100 20,500 67,600 118,000 24^ 269,000 117,000 386,000 672,000 
2010 51,500 20,500 72,000 137,000 53 ' 291,000 116,000 407,000 741,000 
2011 43,100 ' 24,100 67,200 ' 133,000 ' 50° 228,000 ' 127,000 355,000 ' 702,000 ' 
Nickel: 
2009 NA NA 79,900 172,000 ' 46 МА NA 1,170,000 2520000 
2010 NA NA 82,000 200,000 ' 41" NA NA 1.790,000 4,370,000" 
2011 NA NA 86,600 ' 213,000 ' 41€ NA NA 1,980,000" 4,880,000 " 
2012 NA NA 89,900 216,000 42 NA NA 1,580,000 3,780,000 
Тіп: ў 
2008 2,100 11,700 13,800 40,900 ' 34 ' 52,200 ' 291,000 343,000" 1,020,000 " 
2009 2,310 11,100 13,400 44,700 ' 30 ' 42.500 r 204,000 ' 247,000 825,000 _ 
2010 2,680 11,100 13,800 44,100 ' 31' 73,400 i 303,000 376,000" 1,200,000 
2011 2,530 11,000 13,600 ' 42,800 ' 32 87,900" 383,000 i 470,000 1490,00. 
2012 2,440 11,200 13,600 44,700 30 69,000 316,000 385,000 1,260000 _ 
Titanium: : TO T. 
_2008 NANA — м 14800 Па 
2009 24,700 * 1,000 * 25,700 * W W NA NA 101,000 За. ЈЕ 
cum — — м SAEI. > 
Indic а MU таю дио  — —7W 39^ — ми . 200 Lee 
See footnotes at end of table. 
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TABLE 1—Continued 
SALIENT U.S. RECYCLING STATISTICS FOR SELECTED METALS! 


Quantity of metal Value of metal 
(metric tons) (thousands) 
Recycled from Recycled from Apparent Percentage Recycled Кот Recycled from Apparent 
Year new scrap! old scrap” Recycled supply" recycled? new scrap? old scrap? Recycled" supply! 
Zinc:" 
2008 247,000 92,900 339,000 1,180,000 29 483,000 182,000 665,000 2,310,000 
2009 194,000 78,900 273,000 1,060,000 26 334,000 135,000 469,000 1,810,000 
2010 208,000 123,000 332,000 1,120,000 30 468,000 277,000 746,000 2,520,000 
2011 213,000 123,000 336,000 1,160,000 29 500,000 288,000 788,000 2,710,000 
2012 205,000 129,000 334,000 1,080,000 31 432,000 273,000 705,000 2,280,000 


*Estimated. 'Revised. МА Not available. W Withheld to avoid disclosing company proprietary data. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
"Scrap that results from the manufacturing process, including metal and alloy production. New scrap of aluminum, copper, lead, tin, and zinc excludes home scrap, 
which is scrap generated and recycled in the metal producing plant. 
3сгар that results from consumer products. 
^Metal recovered from new plus old scrap. 
5 Apparent supply is production plus net imports plus stock changes. Production is primary production plus recycled metal. Net imports are imports minus exports. 
Apparent supply is calculated on a contained-weight basis. 
$ Also referred to as recycling rate. 
"Same as apparent supply defined in footnote 5 above but calculated based on a monetary value. 
5Quantity of metal is the calculated metallic recovery from purchased new and old aluminum-base scrap, estimated for full industry coverage. Monetary value is 
estimated based on average U.S. market price for primary aluminum metal ingot. Series revised by removing imported scrap to avoid double counting. 
*Chromium quantity of metal recycled was estimated as chromium content of stainless steel scrap receipts (reported by the iron and steel and pig iron industries). 
For the calculation of apparent supply, trade includes reported or estimated chromium content of chromite ore, ferrochromium, chromium metal and scrap, a variety 
of chromium-containing chemicals, and stainless steel mill products and scrap. Stocks include estimated chromium content of reported and estimated producer, 
consumer, and Government stocks. Recycled monetary value estimated as recycled quantity times the average import value of high-carbon ferrochromium. 
Apparent supply monetary value estimated like apparent supply quantity with monetary value substituted for chromium content. 
‘Includes copper recovered from unalloyed and alloyed copper-base scrap, as refined copper or in alloy forms, as well as copper recovered from aluminum-, nickel-, 
and zinc-base scrap. Monetary value based on annual average refined copper prices. 
Recycled scrap reported from consuming manufacturers. Apparent supply measured as shipments of iron and steel products plus castings corrected for imported 
semifinished products. Recycled unit value is the U.S. annual average composite price for No. 1 heavy-melting steel calculated from prices published in 
American Metal Market. Unit value for the year used to calculate values of recycled scrap and apparent supply of scrap. 
"Monetary value of scrap and apparent supply estimated based upon average quoted price of common lead. 
"Includes magnesium content of aluminum-base scrap. Monetary value based on the annual average Platts Metals Week U.S. spot Western magnesium price. 
"Nickel statistics were derived from the following: 
Production, consumption, receipts 
*Reported nickel content of products made from reclaimed stainless steel dust, spent nickel-cadmium batteries, plating solutions, and other products. 
«Estimated nickel content of reported net receipts of alloy and stainless steel scrap. 
*Reported nickel content of recovered copper-base scrap. 
*Reported nickel content of obsolete and prompt purchased nickel-base scrap. 
Estimated nickel content of various types of reported obsolete and prompt aluminum scrap. 
Trade data 
*Reported nickel content of International Nickel Study Group (INSG) class I primary products, including briquets, cathode, flake, pellets, and powder. 
*Reported or estimated nickel content of INSG class И primary products, including ferronickel, metallurgical-grade nickel oxide, and a variety of nickel- 
containing chemicals. 
*Estimated nickel content of secondary products, including nickel waste and scrap and stainless steel scrap. 
Stock data 
*Reported or estimated nickel content of all scrap stocks, except copper. 
*Reported nickel content of primary products held by world producers in U.S. warehouses. 
*Reported nickel content of primary products held by U.S. consumers. 
*Reported nickel content of U.S. Government stocks. 
Monetary value based on annual average cash price for cathode, as reported by the London Metal Exchange. 
"Monetary value based on Platts Metals Week composite price for tin. Apparent supply excludes withheld stock changes. 
"Percentage recycled based on titanium scrap consumed divided by primary sponge and scrap consumption. 
"Monetary value based on annual average Platts Metals Week metal price for North American Special High-Grade zinc. 
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ТАВГЕ 2 


SALIENT U.S. RECYCLING TRADE STATISTICS FOR SELECTED METALS! 


эы И X———M—————— M ЕЕ 


Exports Imports for consumption 
Quantity Quantity 
Gross weight Contained weight Value Gross weight Contained weight Value? 

— Year (metric tons) (metric tons) (thousands) (metric tons) (metric tons) (thousands) 

uminum: 

2008 1,980,000 NA $3,420,000 494,000 NA $853,000 

2009 1,660,000 NA 2,120,000 433,000 NA 503,000 

2010 1,910,000 NA — 3,190,000 504,000 NA 763,000 

2011 2,140,000 NA 4,050,000 579,000 NA 1,020,000 

2012 2,040,000 NA 3,490,000 589,000 NA 905,000 
Chromium: 

2008 1,000,000 170,000 1,190,000 140,000 24,300 220.000 

2009 1,130,000 192,000 778,000 124,000 21,200 138,000 

2010 937,000 159,000 937,000 196,000 33,700 307,000 

2011 656,000 111,000 959,000 170,000 29,400 297,000 . 

2012 624,000 106,000 804,000 156,000 26,800 238,000 
Соррег:“ 

2008 908,000 688,000 2,960,000 106,000 85,700 480,000 ' 

2009 843,000 633,000 2,010,000 71,800 56,300 234,000 ' 

2010 1,030,000 788,000 3,550,000 95,800 75,000 399,000 ' 

2011 1,240,000 981,000 4,980,000 110,000 87,600 547,000 ' 

2012 1,200,000 945,000 4,400,000 = 105,000 83,800 528,000 
Iron and steel: x 

2008 21,500,000 21,500,000 — 10,400,000 3,600,000 3,600,000 1,450,000 
p Rx p» _ 22,400,000 22,400,000 7,120,000 2,990,000 2,990,000 814,000 

2010 20,500,000 20,500,000 8,380,000 3,780,000 3,780,000 1,420,000 

24,300,000 24,300,000 — 11,400,000 4,010,000 4,010,000 1,650,000 

2012 21,400,000 21,400,000 —— 9,430,000 31720000. . 3,720,000 1,590,000 
Lead? 

2008 175,000 175,000 92,800 5,190 ' 3,520 ' 4,530 " 
Е ea OO ИН ==== 7,160 ' 8,520 ' 
о м аш natn Шш m е 

2011 31,100 |. 31100 36800 | 25400" — 16,100 ' 23,700 ' 
xc ME 25,900 25,900 30,600 19,900 13,100 18,300 
Magnesium — — 

2008 2,600 2,600 5.420 24,100. 224,100 58,800 — 

2009 2.280 2.280 5.200 20,900 20,900 40,300 — 
—00 _ 481 481 802 22,100 22,100 56,500 — 
72010 1,680 | 1,680 3,960 22,000 | 22,000 48,700 — 
Eo GA s 2,100 5,290 29,9000 . " 30900  . «489 . 

А 6 
C o 101,000 2,670,000 __ 788,000 22,600 — 613000 _ 
E ИЕ. 95100 1110,00 _ 699000 «^ 20,000 „к 

2010 1,870,000 84,000 1,870,000 954,000 | | 26,00 T 
и ==к== 68,600 _ 1,670,000 983,000 — |. 24500. cT 
др таваници a = _ 631,000 24100 273380022 

EI 

с 10,300 NA 26,600 23,300 "mus [1 
МА 16,200 
2009 _ 9,430 МА _ 25,600 _ 80,600 | NA PT 
2010. A 10,700 NA 26,500 57,300 pes А ош: 
2011 14,800 МА 31,300 251.700 декс Sa 
2012 кте 10,300 МА 27200 ______ 72,500 EAA Um 
tanium" ‚900 
D -—— ЧИ КОӨ ИШЕ M он 
"T5000 . 4,200 NA 14,000 ЕЕ LL c mE С. 
— 2010 | 3,480 NA 19,200 (0,700 — — — 16.000 
E E — NK 8300 a — Na 98500 
o) pM ERO 8,760 __МА 45300 ___ [4,400 pum c d 
See footnotes at end of table. 
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TABLE 2—Continued 
SALIENT U.S. RECYCLING TRADE STATISTICS FOR SELECTED METALS! 


Exports Imports for consumption 
Quantity Quantity 
Gross weight Contained weight Value Gross weight Contained weight Value? 
Year (metric tons) (metric tons) (thousands) (metric tons) (metric tons) (thousands) 
Zinc? аа 
2008 91,000 МА 99,100 17,000 МА 20,300 
2009 47,100 МА 54,300 9,100 МА 8,800 
2010 77,900 МА 85,200 15,600 МА 19,400 
2011 85,600 МА 93,900 18,500 МА 23,400 
2012 90,500 МА 107,000 20,000 МА 24,600 


"Revised. NA Not available. 

! Contained weight based upon 100% of gross, unless otherwise specified. 

: Imports value is customs value. 

3 Includes stainless steel scrap and chromium metal waste and scrap. Contained weight for import and export quantities 
of Harmonized Tariff Schedule of the United States (HTS) code 7204.21.0000 is 1796 of gross weight; 8112.22.0000 

is 10096 of gross weight. 

*For HTS codes 7404.00.0045, 7404.00.0062, and 7404.00.0080 contained weight for import quantity is 65% of gross 
weight. For HTS codes 7404.00.3045, 7404.00.3055, 7404.00.3065, 7404.00.3090, 7404.00.6045, 7404.00.6055, 
7404.00.6065, and 7404.00.6090 contained weight for import quantity is 72%. 

‘Includes lead content of waste and scrap obtained from lead-acid batteries HTS codes 7802.00.0030 and 7802.00.0060. 
Contained weight for import and export quantities is 0.4% of gross quantity for HTS code 7204.29.0000, 50% for HTS 
code 7503.00.0000, and 7.5% for HTS code 7204.21.0000. 

"Includes tin waste and scrap HTS code 8002.00.0000. 

ŝIncludes titanium waste and scrap HTS code 8108.30.0000. 

?Includes zinc waste and scrap HTS code 7902.00.00. 
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RHENIUM 


By Désirée E. Polyak 


Domestic survey data and tables were prepared by Maria Arguelles, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


U.S. estimated primary rhenium production decreased by 
about 896, while apparent consumption of rhenium increased 
by about 14% from that of 2011 (table 1). World primary 
production of rhenium in 2012 was estimated to be about 
52.600 kilograms (kg), a 496 increase from that of 2011 
(table 4). 


Production 


In the United States, rhenium is a byproduct of molybdenite 
concentrates that are recovered as a byproduct of porphyry 
copper-molybdenum ore mined in Arizona, Montana, New 
Mexico, and Utah. During roasting of the molybdenite 
concentrates to produce molybdenum oxide, rhenium is 
oxidized to Re,O, and passes up the flue stack with the sulfur 
gases. When the flue dusts and gases are scrubbed, rhenium 
is dissolved in the resulting sulfuric acid and is eventually 
precipitated out as ammonium perrhenate (NH,ReO,) (APR). 
In the United States in 2012, only one molybdenum concentrate 
roasting facility was so equipped—the Freeport McMoRan 
Copper & Gold Inc. Sierrita facility in Arizona. Domestic 
primary mine production data for rhenium (table 1) were 
derived by the U.S. Geological Survey (USGS) from reported 
molybdenum production at copper-molybdenum mines. 
Domestic demand for rhenium metal and other rhenium 
products was met by imports, from recovery from domestic 
ores and stocks, and from the recycling of spent catalysts and 
superalloy scrap. Secondary rhenium production has increased 
more quickly than primary production in recent years, mainly 
owing to the increasing availability of superalloy scrap. 


Consumption 


In the past decade, the two most important uses of rhenium 
have been in high-temperature superalloys and platinum- 
rhenium catalysts. Rhenium is used in single-crystal, high- 
temperature superalloy turbine blades for aircraft engines and 
land-based turbine applications. Rhenium is used in the turbine 
blades closest to the combustion zone in gas turbine engines. 
The use of rhenium-containing blades allows the engine to 
be designed with closer tolerances and allows operation at 
higher temperatures, which prolongs engine life and increases 
engine performance and operating efficiency. Platinum- 
rhenium catalysts are used to produce high-octane, lead-free 
gasoline. Industry continued to research the potential for 
increased recycling of rhenium-bearing turbine blades and the 
development of new alloys and catalysts. 

Other applications of rhenium, primarily as tungsten-rhenium 
and molybdenum-rhenium alloys, are more diverse; these 
included crucibles, electrical contact points, electromagnets, 
electron tubes and targets, flashbulbs, heating elements, 
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ionization gauges, mass spectrographs, metallic coatings, 
semiconductors, temperature controls, thermocouples, vacuum 
tubes, and x-ray tubes. 

Of the world's approximately 50- to 55-metric-ton (t) annual 
consumption of rhenium, 80% was used as а 3% or 6% addition 
within complex nickel-base alloys for the manufacture of single 
crystal turbine blades for either aircraft engines or industrial 
gas turbine engines. Turbine engine producers, such as General 
Electric Aviation (GE) (a subsidiary of General Electric 
Co., Fairfield, CT), Pratt & Whitney (a division of United 
Technologies Corp., Hartford, CT), and Rolls Royce plc were 
estimated to consume 45 metric tons per year (t/yr) of rhenium 
(Minor Metals Trade Association, 2012). 

Rhenium was used in petroleum-reforming catalysts for the 
production of high-octane hydrocarbons, which are used in the 
formulation of lead-free gasoline. Bimetallic platinum-rhenium 
catalysts have replaced many of the monometallic catalysts. 
Rhenium catalysts tolerate greater amounts of carbon formation 
when making gasoline, and make it possible to operate the 
production process at lower pressures and higher temperatures, 
which leads to improved yields (production per unit of catalyst 
used) and higher octane ratings. Platinum-rhenium catalysts 
also were used in the production of benzene, toluene, and 
xylenes, although this use was small compared with that used in 
gasoline production. 

GE continued work to lessen its dependence on rhenium by 
researching a variety of innovative component designs and by 
using advanced manufacturing processes. Recycling materials 
from unserviceable engine parts continued to be performed 
through GE's reclamation program that was launched in 2006 
in response to the volatile market and rising rhenium prices. 
GE recycles used, high-pressure turbine blades (HPTBs) made 
of a rhenium-bearing nickel superalloy, which are cleaned 
and melted for reuse in manufacturing new HPTBs. Although 
the lifespan of engine parts was variable, a turbine blade was 
expected to last approximately 10 years. According to the 
company, more than 10% of its rhenium came from recycling 
(General Electric Aviation, 2011). 

Rio Tinto plc announced that its molybdenum autoclave 
process (MAP) plant at Bingham Canyon in Utah was 
expected to come onstream by the middle of 2014. MAP would 
allow lower grade molybdenum concentrate to be processed 
more efficiently than through conventional roasters, allow 
improved molybdenum recovery and operating flexibility, 
and enable production of metallurgical and higher chemical 
grade molybdenum products. MAP would produce chemical 
grade molybdic oxide, ammonium dimolybdate, autoclaved 
molybdenum concentrate, and catalyst grade ammonium 
perrhenate (Rio Tinto plc, 2013, p. 49). Unlike the roasting 
process, the autoclave system would extract rhenium at the 
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crystallization stage and recover it, as in the old roasting 
process, via ion exchange. The final products would be 
high-purity ammonium perrhenate suitable for catalysts and 
rhenium metal for the aerospace industry (Rio Tinto plc, 
2010, p. 40). 


Prices 


Rhenium has a limited market in terms of the number of 
participants. А large percentage of rhenium sales, especially for 
rhenium metal, are made under long-term contracts. The details 
of the long-term contracts are not made public. The open trade 
market for both APR and rhenium metal is relatively small. 

In 2012, the annual average price of APR catalytic-grade 
rhenium as reported in Metal Bulletin was $3,990 per kilogram, 
an 896 decrease compared with the $4,360 per kilogram annual 
average price of 2011. The annual average price of rhenium metal 
pellets (minimum 99.996) was $4,040 per kilogram in 2012, a 
13% decrease from the $4,670 per kilogram annual average price 
of 2011. The rhenium metal pellet price was $4,630 per kilogram 
until February, when it continually trended downward for the rest 
of the year to $3,420 per kilogram by yearend. 


Foreign Trade 


Imports of rhenium metal in 2012 were 27,400 kg, a 15% 
increase compared with 23,800 kg of rhenium metal in 2011. 
Chile and Poland were the leading suppliers of rhenium metal 
to the United States. Imports of APR increased to 18,400 kg, a 
33% increase compared with 13,800 kg of APR in 2011. Imports 
for consumption of rhenium metal are shown in tables 1 and 2, 
and those of APR are shown in tables 1 and 3. 


World Review 


World primary production of rhenium was estimated to have 
been about 52,600 kg in 2012 (table 4). This estimate was 
based on the quantity of rhenium recovered from concentrates 
that were processed to recover rhenium values. Secondary 
world production of rhenium in 2012 was estimated to be 
about 12,000 kg in 2012 (Roskill Information Services Ltd. 
2013, p. 15). 

Rhenium was recovered as à byproduct from porphyry 
copper-molybdenum ores mined primarily in Chile, Mexico, 
Peru, Republic of Korea, and the United States. In addition to 
the countries listed, China was thought to produce rhenium, 
but output was not reported quantitatively. Rhenium i$ also 
associated with copper minerals in sedimentary deposits 
in Armenia, Kazakhstan, Poland, Russia, and Uzbekistan, 
countries where ore is processed for copper recovery, and the 
rhenium-bearing residues are recovered at the copper smelters. 
Rhenium-bearing residues from both sources are processed for 
recovery either as APR for catalyst uses or as a metal powder 
for superalloys. The major producers of rhenium metal and 
compounds were Chile, Germany, Poland, and the United States. 

World reserves of rhenium are contained primarily in 
molybdenite in porphyry copper deposits. U.S. reserves of 
rhenium are concentrated in Arizona, Montana, Nevada, | 
New Mexico, and Utah. Chilean reserves are found primarily 
at four large porphyry copper deposits and in smaller deposits 


in the northern half of the country. In Peru, reserves are 
concentrated primarily in the Toquepala open pit porphyry 
copper mine and in about 12 other deposits. Other world 
reserves are contained in several porphyry copper deposits and 
sedimentary copper deposits in Armenia, northwestern China, 
Iran, Kazakhstan, Russia, and Uzbekistan, and in sedimentary 
copper-cobalt deposits in Congo (Kinshasa). U.S reserves were 
estimated to be about 390 t, and rest-of-the-world reserves were 
estimated to be about 2,100 t. 

Canada.—Molycorp, Inc. reported that its hydrometallurgical 
rhenium recovery plant in Napanee, Ontario, was focusing on the 
recycling of rhenium-bearing superalloys. The facility, according 
to the company, was the first of its kind in North America, and 
was primarily toll refining rhenium-bearing scrap to produce 
rhenium as a service to its clients (Molycorp, Inc., undated). 

Chile.—According to Molibdenos y Metales S.A. (Molymet) 
(Santiago), it has the largest rhenium recovery plant in the 
world, based in Nos, with an estimated capacity of 40 t/yr of 
rhenium metal and APR. The Nos plant has three concentrate 
roasters with a total molybdenum treatment capacity of 
43,000 t/yr. In addition to its Chilean operations, Molymet 
has molybdenum concentrate roasting facilities in Mexico 
(Molymex S.A. de C.V.), roasting and ferromolybdenum 
plants in Belgium (Sadaci N.V.), a powder metallurgy plant 
in Germany (Chemiemetall GmbH), and a metal facility in 
China (Luoyang High-tech Molybdenum & Tungsten Material 
Co. Ltd.) (Roskill Information Services Ltd., 2013, p. 34). 
Molymet toll roasted byproduct molybdenum concentrates 
for Corporación Nacional del Cobre de Chile (Codelco) and 
also sourced concentrates from Canada, Mexico, Peru, and 
the United States. In February 2012, Molymet acquired a 
1396 interest in Molycorp (Molibdenos y Metales S.A., 2012). 
Codelco and Xstrata plc also roasted byproduct molybdenum 
concentrates in Chile, but those roasters were not equipped for 
rhenium recovery. 

Estonia.—Toma Group (Tallinn) continued to recycle metal 
alloys containing rhenium at its facility in Tallinn. The facility 
had a capacity to recycle 130 kg of 69.4% rhenium in APR, 
from approximately 3,000 kg per month of various alloys. The 
company recycled molybdenum-rhenium alloys, tungsten- 
rhenium alloys, nickel-based superalloys, and other rhenium- 

A d United States 
containing scrap metals sourced from European and ^^ 
companies. Toma continued to research ways of recycling new 
materials more efficiently (Toma Group, undated). $ 

Germany.—Buss & Buss Spezialmetalle GmbH Pid 
in a joint venture with Мојусогр, continued to recycle | Р 

bn i into catalyst grade 
rhenium-containing alloys, rhenium scrap aoc tendunt) 
APR (99.9% rhenium), and rhenium pellets (99. | r ее 
at its facility in Sagard. Annual capacity for PEE (Buss & 
production was estimated to be Tc » 

uss Spezialmetalle GmbH, undated). im 
j Неке Precious Metals GmbH & Со. KG (а ge 
W.C. Heraeus GmbH), with a rhenium recycling pets 
11 уг, was one of the leading recy ee Е Hanau ап 
catalysts. Heraeus operated recycling fac е GmbH & Со. 
Sante Fe, California (Heraeus Precious Meta 


KG, undated). 
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Н.С. Starck GmbH & Co. KG (Goslar) continued to recycle 
rhenium from catalysts and superalloy scrap (H.C. Starck GmbH 
& Co. KG, undated). 

Kazakhstan.—Zhezkazganredmet (Redmet), Kazakhstan's 
state-owned rhenium producer, received rhenium-bearing 
residues from the Zhezkazgan Copper Works mine and 
smelter complex. Zhezkazgan was controlled by Kazakhmys 
plc, and its parent Samsung Corp., which received 50% of 
Redmet's production as payment for the rhenium residues. A 
disagreement, beginning in 2007, between Kazakhmys and 
Redmet resulted in rhenium production slipping from 8 t in 2006 
to an estimated 3 t in 2009. Rhenium production in 2010 was 
estimated to be 2 t. The Zhezkazgan plant continued renovations 
in 2011, which was expected to further decrease rhenium 
production in 2011 (Kazakhmys plc, 2010, 2012). 

Poland.—KGHM Ecoren S.A. (Lubin), a division of Polish 
copper producer KGHM Polish Copper S.A., continued to 
operate its metallic rhenium refinery near the Legnica Copper 
Smelter. Ecoren reported that British customers, Johnson 
Matthey plc and Rolls-Royce Group plc, were the major 
purchasers of its rhenium products. The facility had an annual 
capacity to convert APR into 3.5 t of metallic rhenium. It was 
also able to supply rhenium metal in powder form according to 
customer requirements. Ecoren increased its crystalline APR 
production capacity, which was expected to be 6 to 7 t/yr of 
APR. Ecoren received waste sulfuric acid from the KGHM 
Polish copper plant and then, through hydrometallurgical 
processes, captured the rhenium to produce the APR and 
rhenium metal (KGHM Ecoren S.A., 2013). 


Outlook 


The United States is the world's leading producer of 
aerospace superalloys and is, therefore, the largest consumer 
of rhenium (Roskill Information Services Ltd., 2010, p. 34). 
With the leading three consumers—Cannon Muskegon Corp., 
GE, and Pratt & Whitney—consuming an estimated 45 t/yr of 
rhenium, more production from new plants, such as Poland's 
new rhenium facility, are needed. Rhenium consumption was 
expected to increase by an average of 3% per year between 
2013 and 2018 to reach 70,400 kg in 2018 (Roskill Information 
Services Ltd., 2013, p. 101). 

Because the life cycle of turbine blades in jet engines 
is approximately 10 years, significant quantities of 
second-generation blades (396 rhenium) were accumulating. 
Technology is continuing to be developed to allow recycling 
of second-generation blades for recovery of rhenium that can 
be used in the manufacture of new third-generation blades, 
potentially reducing requirements for virgin rhenium by about 
5096. The majority of rhenium is recycled in Germany and the 
United States, but significant amounts are also being recovered 
in Estonia and Russia. Rhenium recycling rates are continuing 
to increase worldwide. 

Potential molybdenum producers continued to look at ways 
to increase the value of future production since the collapse in 
the molybdenum price during the global economic downturn. 
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For some, producing byproduct rhenium is a strong possibility. 
One potential for increased rhenium production lies in the 
molybdenum concentrates that are presently being roasted in 
facilities that are not equipped to recover the rhenium values. 
For example, Rio Tinto's new MAP facility would allow Rio 
Tinto to recover approximately 3 to 5 t/yr of rhenium, potentially 
increasing U.S. rhenium production by more than 50%. 
However, secondary production of rhenium is more likely 
to contribute to an increase in supply in coming years than 
primary production. The entry of Molycorp into recycling of 
rhenium-bearing scrap is an example of a new opportunity to 
increase rhenium output. In 2012, Molycorp invested in rhenium 
recycling with the acquisition of Neo Materials Technologies in 
Canada and entering into a joint venture with Buss & Buss in 
Germany (Roskill Information Services Ltd., 2013, p. 25). 
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TABLE ! 


SALIENT U.S. RHENIUM STATISTICS! 


(Kilograms, gross weight) 
E eee) | о ПРИ И es нае ыы с сз 
2008 2009 2010 2011 2012 
Production? 7,910 5,580 6,100 8,610 7,910 
Apparent consumption" 51,600 37,100 39,700 42,100 48,100 
Imports: 
Metal 35,900 21,500 23,100 23,800 27,400 
Ammonium perrhenate 11,200 14,300 15,100 13,800 18,400 
*Estimated. | | | 
Пака аге rounded to no more than three significant digits unless otherwise specified. 
?Rhenium contained in molybdenite concentrates, based on calculations by the U.S. Geological Survey. 
3Calculated as production plus imports minus exports and industry stock changes. 
TABLE 2 
Џ 
U.S. IMPORTS FOR CONSUMPTION OF RHENIUM METAL, BY COUNTRY 
2011 IMS 2012 
"Gross weight Value Gross weight Value 
Country (kilograms) (thousands) (kilograms) (thousands) 
-- 55 
Belgium - К 
Сапада -- -- 
Chile 22,200 $51,400 23,900 55,200 
СПО мм —————— SE 
100 335 -- 
Егапсе MEER 
Germany 150 548 397 862 
Germany |... —————— — 
Poland 1,200 2,980 2,080 10,200 
United Kingdom 209 556 пао ЬШ 
Total 23,800 55800 |. 27400 ___ 67,500 
-- Zero. | 
Граја are rounded to no more than three significant digits; may not add to totals shown. 
Source: U.S. Census Bureau. 
ок--20? 
y MINERALS YEARBO 


62.4 


Google 


US. GEOLOGICAL SURVE | 


м 


RHENIUM—2012 


TABLE 3 
U.S. IMPORTS FOR CONSUMPTION OF AMMONIUM PERRHENATE, BY COUNTRY! 


2011 
Gross weight Value 

Country (kilograms) (thousands) 

Canada 1,610 $3,520 

Germany -- -- 

Kazakhstan 4,040 7,270 

Korea, Republic of 6,000 10,800 

Netherlands ~- -- 

United Kingdom 2,200 4,800 

Total 13,800 26,400 
-- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau; data adjusted by the U.S. Geological Survey. 


TABLE 4 


RHENIUM: ESTIMATED WORLD PRODUCTION, BY COUNTRY? 


(Kilograms) 

Country 2008 2009 
Armenia 400 400 
Chile? 27,600 25,000 
Kazakhstan 5,500 3,000 
Korea, Republic of = 2 
Poland“ 3,400 ^? 2,422 5 
Russia 1,500 1,500 
United States? У 7,910 5.580 
Uzbekistan 4,800 ' 4,800 ' 
Other 2,000 1,500 
_ Total 53,100 ' 44,200 ' 


"Revised. -- Zero. 


2012 
Gross weight Value 

(kilograms) (thousands) 
850 $1,450 
2,300 3,910 
9,470 16,100 
5,200 8,840 
182 346 
413 858 
18,400 31,500 

2010 2011 
400 400 ' 
25,000 24,000 ' 

3,000 3,000 
2z m 
4,656 > 6,000 > 
1,500 1,500 * 

6,100 8,610 
4,800 ' 5,400 ' 

1,500 1,500 
47,000 ' 50,400 ! 


' World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
*Table includes data available through September 12, 2013. 


*Data also includes rhenium content from Belgium, Mexico, Peru, and the United States, processed at Molymet in Chile. 


2012 
600 
27,000 
3,000 
6,000 
1,500 
7,910 
5,400 
1,200 
52,600 


“Data based on new information from KGHM Ecoren S.A. Calculated based on 69.2% rhenium content of ammonium perrhenate. 


?Reported figure. 


“Calculated rhenium contained in molybdenite concentrates. Data rounded to two significant digits. 
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SALT 


By Wallace P. Bolen 


Domestic survey data and tables were prepared by Martha L. Jackson, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


The United States was the world's leading salt producing 
nation until 2005, when China surpassed the United States to 
become the world leader. Total U.S. salt production in 2012 
decreased by 17% to 37.2 million metric tons (Mt) compared 
with that of 2011 (table 1). According to U.S. Geological Survey 
(USGS) data for 2012, 28 companies operated 61 salt-producing 
plants in 16 States. Of these, 8 companies and 12 plants 
produced more than 1 Mt each and accounted for 78% and 
62%, respectively, of total U.S. production and accounted for 
85% and 30%, respectively, of total value. Several companies 
and plants produced more than one type of salt. In 2012, 

11 companies (25 operations) produced salt brine; 11 companies 
(15 operations), rock salt; 10 companies (13 operations), solar- 
evaporated salt; and 6 companies (17 operations), vacuum 

pan salt. 

The five leading States were, in descending order of total 
salt sold or used, Louisiana with 33%: Texas, 22%: New 
York, 1496; Kansas, 7%; and Utah, 4%. Other Eastern States 
(Alabama, Michigan, Ohio, Tennessee, Virginia, and West 
Virginia) accounted for 1596 of the domestic total of salt sold or 
used. Other Western States (Arizona, California, Nevada, New 
Mexico, and Oklahoma) represented 496 (table 5). The amount 
of salt delivered to every State and the District of Columbia in 
2012 is reported in table 7. 

Salt, also known as sodium chloride, comprises the elements 
sodium and chlorine. Sodium is a silver-colored metal that is 
so unstable that it reacts violently in the presence of water, and 
chlorine is a greenish-colored gas that is dangerous and may be 
lethal, yet combined, these two elements form sodium chloride 
which is a white-colored compound essential to life itself. 
Virtually every person in the world has some direct or indirect 
contact with salt daily. People routinely add salt to their food 
as a flavor enhancer or apply rock salt to walkways to remove 
ice in the winter. Salt is used as feedstock for chlorine and 
caustic soda manufacture. These two inorganic chemicals are 
used to make many consumer-related end-use products, such 
as polyvinyl chloride (PVC), a plastic made from chlorine, and 


paper-pulping chemicals manufactured from sodium hydroxide 
(caustic soda). 


2 


Production 


U.S. production and sales data for salt are developed by the 
USGS from an annual voluntary survey of U.S. salt-producing 
sites and company operations (table 2). Production refers to the 
quantity of salt mined or manufactured that is available for sale. 
Salt sold or used is the quantity of salt that was sold directly 
to customers or used by the salt producer, which usually is a 
chloralkali (chlorine and sodium hydroxide) manufacturer. The 
data in table 2 are rated capacities for mines and refineries as of 
December 31, 2012. Rated capacity is defined as the maximum 


SALT—2012 


Google 


quantity of product that can be produced in a period of time on 
a normally sustainable long-term operating rate, based on the 
physical equipment of the plant, and given acceptable routine 
operating procedures involving energy, labor, maintenance, 
and materials. 

Of the 28 companies to which a canvass form was sent, 

23 responded, representing 83% of the totals shown in this 
report. Data for the nonrespondents were estimated based on 
their prior responses to previous annual surveys, the 2012 
production estimate survey, or brine production capabilities 
for chloralkali manufacture based upon published chlorine 
production capacities [1.75 metric tons (t) of salt required 
per ton of chlorine capacity]. 

The structure of the U.S. salt industry has changed throughout 
the years. In 1970, 50 companies operated 95 salt-producing 
plants in the United States. Market competition, increased 
energy and labor costs, less expensive imports, fluctuations in 
currency exchange rates, and an excess of production capacity 
(resulting in the downsizing of the industry through mergers and 
acquisitions) reduced the number of operations in the industry to 
28 companies and 61 plants by 2012. 

In October, Morton Salt announced the long-term layoff of 
44 employees in Painesville, OH. Originally, 78 employees 
were placed on temporary leave in September, but 44 of these 
workers were not called back because of economic conditions. 
The parent company, К+$ Group AG (Kassel, Germany) 
blamed low sales of deicing salt as a major factor in its 
decision. The layoffs were expected to last more than 6 months 
(McFee, 2012). 

The four types of salt that are surveyed are classified 
according to the method of recovery as follows: rock salt, from 
the surface or underground mining of halite deposits; solar salt 
from the solar evaporation of seawater, landlocked bodies of 
saline water, or primary or byproduct brines; vacuum pan salt, 
from the mechanical evaporation of a purified brine feedstock; 
and brine, from the solution mining of underground halite 
deposits. Data for brine production and consumption represent 
the anhydrous salt content only and not the weight of the water 
(tables 3, 4). 

Rock Salt.—Rock salt is mined by the room-and-pillar 
method, which is similar to that used in coal and trona mining. 
Additional information about rock salt mining can be found in 
the salt chapter in Minerals Yearbook 2006. 

Because most rock salt was used for deicing, the operating 
rate of rock salt facilities fluctuated with the demand for 
deicing salt, again dependent on the severity of winter weather 
conditions. During periods of strong demand, production 
levels often achieve, or exceed in certain situations, the rated 
capacities. Full mine capacity generally is a function of the 
hoisting capabilities of the mine. Assuming that the work week 
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is 5 days (250 workdays per year), two working shifts and one 
maintenance shift per day, and at least one short-term planned 
turnaround for the mine and mill per year, table 2 lists the 
production capacities for domestic rock salt operations. In 2012, 
rock salt production was 13.3 Mt, a 28% decrease compared 
with the revised 2011 total of 18.5 Mt. 

Solar Evaporation.—Solar salt production was 2.76 Mt in 
2012, which was a 15% decrease from the revised 2011 total 
of 3.23 Mt. Solar evaporation uses the wind and the sun to 
evaporate the water and is an effective method of producing 
solar salt in areas of high evaporation and low precipitation. 
Additional information about solar salt production can be found 
in the salt chapter of the 2006 Minerals Yearbook. 

Because evaporation rates must exceed the precipitation 
rates, the climatic conditions and geographic locations of solar 
evaporation facilities are critical to the successful production 
and harvesting of solar salt. Therefore, rated capacities in table 2 
generally are based on the historical evaporation patterns within 
a region and vary depending on the location and the surface 
acres of the evaporation ponds. Only unpredictable seasonal 
precipitation and market conditions usually affect the production 
rates of the facilities. 

Solution Mining.—U.S. salt brine production in 2012 
was 16.9 Mt, which was about 12% less than the 2011 total 
of 19.2 Mt. The brine production capacities for table 2 are 
difficult to derive because they are based on the variabilities of 
the injection rate of the solvent and the solubility rates of the 
underground salt bodies, both of which determine the quantity 
of brine produced. In turn, these production levels are usually 
dependent on the demand for the products that the brine is being 
used to manufacture. Brine capacity is assumed to be equal 
to the amount of annual brine production. In order to avoid 
revealing company proprietary data, individual company brine 
capacities are not included in table 2. | 

Solution mining is used to obtain a sodium chloride feedstock 
for vacuum pan salt production and for chlorine, caustic 
soda, and synthetic soda ash (excluding the United States) 
manufacture. The quantity of underground salt dissolved and 
recovered as brine to make vacuum pan salt usually is not 
reported as primary salt production; only the quantity of vacuum 
pan salt manufactured is reported. The quantity of brine used 
to make chloralkali chemicals is reported as either the amount 
of captive brine used or brine sold. The chemical industry 
is the leading consumer of salt brine worldwide. Additional 
information about salt brine production can be found in the salt 
chapter of the 2006 Minerals Yearbook. | | 

Месћатса! Evaporation.— Vacuum pan salt 15 not mined 
but is a type of salt produced using mechanical evaporation 

It production was 4.24 Mt in 2012, 
technology. Vacuum pan salt p 
which was a 4% increase compared with the 2011 total of 
4.08 Mt. The mechanical evaporation of salt by sp ds 
pan process 15 dependent on the number and size o the vacuum 
tallizers operating 10 series. Rated capacities in table 2 
SEIS aiti easier to establish а of the proven design 

| f the equipment. 

ead a "e salt, and salt brine may be used | | 

alt. virtually all domestic vacuum pan за tis 
аке vacuum рана mit d und salt formations. 
obtained from solution mining of undergro 
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Vacuum pan salt is obtained by dehydrating brine using heat 
alone or in combination with a vacuum. The grainer or open 
pan process uses open, rectangular pans with steam-heated 
immersion coils to evaporate the water in the brine. The final 
product is usually flake shaped rather than the typical cubic 
form. Flake salt is preferred for the production of baked goods, 
butter, and cheese. The Alberger process is a modified grainer 
operation that produces cubic salt with some flake salt. 


Consumption 


In 2012, apparent consumption (salt sold or used plus imports 
minus exports) was 44 Mt, whereas reported consumption 
(sales or use as reported by the salt companies, including 
their imports and exports) was 36.9 Mt. Although these two 
measures of consumption are not necessarily expected to be 
identical, they normally are similar. Apparent consumption 
normally is greater than reported consumption because 
apparent consumption includes additional quantities of salt 
imported and exported by nonsalt-producing companies, such 
as some chloralkali operations and salt distributors. Reported 
consumption statistics are those reported only by the domestic 
salt producing companies. 

The direct and indirect uses of salt number about 14,000, 
according to industry sources. The USGS annually surveys 
eight major categories comprising 29 end uses. The 2012 
reported percentage distribution of salt by major end use was, in 
descending order, chemicals, 45%; ice control, 30%; distributors 
(grocery and other wholesalers and retailers and so forth), 
10%; food processing, 5%; agricultural, 4%; general industrial, 
3%; other uses combined with exports, 2%; and primary water 
treatment, 196 (table 6). Distributors represented a substantial 
share of salt sales by the salt industry; all this salt is ultimately 
resold to many different end users. For a more complete analysis 
of end-use markets, specific sectors of distribution in table 6 can 
be combined, such as agricultural and water treatment quantities 
reported by salt producers and those supplied by distributors. 

Aside from the various types of salt, there are distinctions 
in the packaging and applications of salt. Salt for human 
consumption is packaged in different sized containers for 
several specialized purposes. Table salt may contain 0.01% 
potassium iodide as an additive, which provides a source of 
"оде that is essential to the oxidation processes in the body. 
Kosher salt, sea salt, condiment salt, and salt tablets are special 
varieties of salt. 

Chemical Industry.—Since 1941, when the U.S. Bureau 
of Mines began collecting end use data for salt, the leading | 
consumer of salt, primarily as salt brine, has been the chemica 
industry, except for 2011 when salt for road deicing led. Salt 
brine is extracted from natural underground saline sources 
or solution-mined halite deposits (salt beds or salt domes. 
or produced through the dissolution of solar salt. Within i 
industry, the chloralkali sector remains the major consun ^M 
salt for manufacturing chlorine, coproduct sodium Dod 6 
(caustic soda), and synthetic soda ash. Since 1986, e a 
domestic synthetic soda ash plant was closed јан m 
production costs and competition with less NEM «cd in the 
soda ash, no synthetic soda ash has been manufac u synth 
United States; many countries, however, still produce 
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soda ash and use vast quantities of salt brine as feedstock. Total 
salt sold or used by the chemical industry was 16.8 Mt in 2012, 
of which 16 Mt was for chloralkali manufacture and 0.8 Mt was 
for other chemical uses (table 6). 

Salt is used as the primary raw material in chlorine 
manufacture because it is an inexpensive and widely available 
source of chlorine ions. For sodium hydroxide production, 
salt is the main source of sodium ions. Chlorine and caustic 
soda are considered to be the first generation of products 
made from salt. These two chemicals are further used to 
manufacture other materials, which are considered to be the 
second generation of products made from salt. Although 
most salt brine is produced by the same companies that use 
it, many chloralkali manufacturers now purchase brine from 
independent brine supply companies. In certain cases, brine is 
produced by a chemical company that uses some of it and sells 
the excess to neighboring competitors. According to industry 
sources, about 48% of the salt used to manufacture chlorine 
was captive (produced by the chloralkali companies) and 31% 
was purchased brine; domestically purchased solar salt and rock 
salt made up 12% of the supply; and imported rock, solar, and 
vacuum pan salt, 9%. 

The industry average ratio of 1.75 t of salt is required 
to produce 1.0 t of chlorine and 1.1 t of coproduct sodium 
hydroxide. Reported consumption of total domestic and 
imported salt for chlorine manufacture was 16 Mt (table 6); 
however, the data do not include salt imported directly by the 
chlorine producers or captive brine produced by them. 

Salt is also used as a feedstock in chemical plants that make 
sodium chlorate, metallic sodium, and other downstream 
chemical products. In powdered soaps and detergents, salt is 
used as a bulking agent and a coagulant for colloidal dispersion 
after saponification. In pharmaceuticals, salt is a chemical 
reagent and is used as the electrolyte in saline solutions. 

It is used with sulfuric acid to produce sodium sulfate and 
hydrochloric acid. The “Other chemical” subsector is relatively 
small, representing about 6% of domestic salt sales for the 
entire chemical sector and only 2% of total domestic salt 
consumption. The consumption of salt for metallic sodium 

has declined during the past several years. E.I. du Pont de 
Nemours and Co. was the sole manufacturer of metallic sodium 
in the United States. The domestic market for metallic sodium 
decreased because sodium metal was no longer needed for the 
production of leaded gasolines. The leading use of sodium was 
for sodium borohydride production, which is the feedstock 

for sodium dithionite used as a reductive bleaching agent by 
the pulp and paper industry. Sodium metal also is used to 
manufacture sodium azide, which is used in automotive air bags. 
Other potential uses of sodium metal are in the remediation 

of chemical weapons, chlorofluorocarbons, pesticides, and 
polychlorinated biphenyls. 

Ice Control and Road Stabilization.—ln 2012, U.S. 
consumption of salt for this application was 11.1 Mt, which was 
about 43% less than that of 2011. Additional imports of rock salt 
by the salt companies were available if needed during 2012. 

Snow and ice accumulation on roadways are treated in at least 
four ways. Anti-icing is the application of chemicals to roads 
prior to when the snow-pavement bond begins. This practice 
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emphasizes the prevention of this bonding rather than reaction. 
Deicing is the practice of removing the snow or ice after it 

has bonded to the road. This involves plowing and continued 
application of chemicals and abrasives. Plowing normally 
begins when there is an inch or more of snow covering the 
road. Pre-treatment is a form of anti-icing in which chemicals 
(calcium chloride, magnesium chloride, sodium chloride, 
calcium-magnesium acetate, and potassium acetate) are applied 
to the road up to 48 hours before adverse weather begins, to 
prevent a bond from developing between the pavement and the 
snow or ice. Pre-wetting pertains to treating the dry deicing 
chemicals with liquids prior to being applied to the roads. This 
hastens the activation of the chemicals before they are spread on 
the roads (Virginia Department of Transportation, undated). 

The use of salt brine for road deicing has been increasing 
for the past several years. Regular rock salt can be dissolved 
to create the salt brine solution. Salt brine is used as a pre- 
treatment prior to ice or snow accumulation. After the solution is 
applied, it 15 possible that up to three-quarters of an inch of new 
snow can melt immediately (Caldwells Patch, The, 2011). 

Salt is an inexpensive, widely available, and effective ice 
control agent. It does, however, become less effective as the 
temperature decreases below about -9.5° to -6.5 °C (15° to 20 °F). 
At lower temperatures, more salt must be applied to maintain 
higher brine concentrations to provide the same degree of 
melting. Most winter snowstorms and ice storms happen when 
temperatures are between -4? and 0 °C (25° and 32 °F), the 
range in which salt is most effective. 

In highway deicing, salt has been associated with corrosion of 
bridge decks, motor vehicles, reinforcement bar and wire, and 
unprotected steel structures used in road construction. Surface 
runoff, vehicle spraying, and windblown actions also affect soil, 
roadside vegetation, and local surface water and groundwater 
supplies. Although evidence of environmental loading of salt 
has been found during peak usage, spring rains and thaws 
usually dilute the concentrations of sodium in the area where 
salt was applied. 

The quantity of salt consumed for road deicing each year is 
directly related to the severity of the winter weather conditions. 
Long-range forecasting of salt consumption in this application 
is extremely difficult because of the complexities in long-range 
forecasting of the weather. 

The Attorney General of Ohio filed an antitrust lawsuit 
in March charging that two road-salt companies colluded 
during contract bidding to keep competitors out of the Ohio 
market for a decade. The suit was filed against Cargill Deicing 
Technology and Morton Salt Co. in Tuscarawas County, OH, 
capping a series of State investigations that began in 2008. Both 
companies denied the allegations, asserting that there had been 
no communication between the companies and, therefore, could 
be no collusion (Eggert, 2012). 

The winters of 2010—11 and 2011-12 were less severe than 
the 2009-10 winter. Rock salt production and sales in 2012 
decreased significantly, mostly in response to relatively mild 
winters with municipalities and State transportation departments 
again reporting high inventories during 2012 even as they 
prepared for the 2012-13 winter weather. Consumers benefited 
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with savings on salt costs, but salt producers experienced 
decreased sales throughout the year. 

Only a trace amount of snow fell in December 2011, 
significantly less than in recent years and by mid-January 2012, 
concerns began to be raised about excess supplies of salt and a 
lack of storage facilities for the excess salt (Kelley, 2011; Liske, 
2012). By late winter and early spring 2012, some governments 
were reporting savings on salt costs and overtime pay for snow 
removal (Wynn, 2012). Near the end of September, reports 
confirmed that many localities continued to have full silos from 
the spring and were not planning early winter purchases for the 
2012-13 winter season (Bopp, 2012). This second consecutive 
winter of lower than average use of salt for treating roads was 
the primary cause of the steep decline in salt consumption in 
2012 compared with 2011. 

Salt is added to soil to stabilize it and to provide firmness to 
the foundation upon which highways are built. The salt also acts 
to minimize the effects of changes in humidity and traffic load, 
which can cause shifting in the subsurface. 

Distributors.—A large amount of salt is marketed through 
various distributors, some of which specialize in agricultural 
and water treatment services—two sectors in which the salt 
companies also have direct sales (table 6). Distributor sales 
also include grocery wholesalers and (or) retailers, institutional 
wholesalers, U.S. Government resale, and other wholesalers and 
retailers. Total salt sold to distributors was 3.52 Mt in 2012. 

General Industrial. —The industrial uses of salt are diverse. 
They include, in descending order of quantity consumed, oil 
and gas exploration, other industrial applications, pulp and 
paper, metal processing, textiles and dyeing, tanning and leather 
treatment, and rubber manufacture. Total salt sold to these 
sectors was 1.05 Mt in 2012. 

In oil and gas exploration, salt is an important component 
of drilling fluids in well drilling. It is used to flocculate and 
increase the density of the drilling fluid to overcome high 
downwell gas pressures. When a drill hits a salt formation, 
salt is added to the drilling fluid to saturate the solution and to 
minimize the dissolution within the salt stratum. Salt is also 
used to increase the set rate of concrete in cemented casings. 

In textiles and dyeing, salt is used as a brine rinse to separate 
organic contaminants, to promote “salting out" of dyestuff | 
precipitates, and to blend with concentrated dyes to standardize 
them. One of its main roles is to provide the positive ion charge 
to promote the absorption of negatively charged 1005 of dyes. 

In metal processing, salt is used in concentrating uranium ore 
‘nto uranium oxide (yellow cake). It also 15 used in processing 
aluminum, beryllium, copper, steel, and vanadium. 

In the pulp and paper industry, salt is used to bleach wood 
pulp. It also is used to make sodium chlorate, which 15 added 
along with sulfuric acid and water to manufacture chlorine 
dioxide, an excellent oxygen-based bleaching chemical. 

The chlorine dioxide process, which originated in Germany 

after World War I, has become more popular because of € 
environmental pressures to reduce or eliminate other bleaching 
compen ind salt is added to animal hides 

Шш мй © шоо оп the underside of the hides and 
* b ote back into the hides. In rubber manufacture, 
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salt is used to make buna, neoprene, and white types. Salt brine 
and sulfuric acid are used to coagulate an emulsified latex made 
from chlorinated butadiene. 

Food Processing.—Nearly every person uses some quantity 
of salt in food. Aside from table salt, sodium is found in many 
processed foods. Salt is added to food by the food processor 
or by the consumer as a flavor enhancer, preservative, binder, 
fermentation-control additive, texture-control agent, and 
color developer. 

Although most health professionals recommend reduced 
salt in people's diets, the debate continues. А pediatric study 
called into question the recommended salt intake for adults 
and children. A cardiologist concluded that cutting back on 
salt does lower blood pressure, but it may not reduce the risk 
of dying early. The study further stated that low salt intake 
may cause other physiological changes, such as increased 
resistance to insulin, which can set the stage for diabetes and 
increase the risk of death from heart disease (Moyer, 2012). 
Meanwhile, the American Heart Association supported the 
World Salt Awareness Week, in March, recommending that 
salt consumption should be limited to 1,500 milligrams a day 
(Morey, 2012). An Australian study from Deakin University 
addressed the labeling of reduced-salt foods and how labels 
affect attitudes toward these foods. The study concluded 
that consumers were less attracted to foods labeled low salt 
because of expectations of poor taste in low-salt food (Deakin 
University, 2012). 

The U.S. Department of Health and Human Services reported 
that 7796 of the sodium intake by people comes from processed 
and prepared foods with 6596 coming from food bought at retail 
stores and another 2596 from meals purchased in restaurants 
where the actual sodium contents can vary. The Centers for 
Disease Control and Prevention (CDC) indicated that 10 types 
of food account for 44% of the sodium intake by people. They 
are, in declining order of sodium content, breads and rolls, cold 
cuts and current meats (deli or packaged ham or turkey), pizza, 
fresh and processed poultry (chicken nuggets and tenders), 
soups, sandwiches (cheeseburgers), cheese, pasta dishes 
(excluding macaroni and cheese), meat mixed dishes (meat loaf 
with tomato sauce), and snacks (chips, pretzels, and popcorn). 
Other sources of sodium intake include salt added while cooking 
(5%), salt added while eating (6%), and from natural sources 
(12%) (Los Angeles Times, 2010; Ruggles, 2012; Centers for 
Disease Control and Prevention, 2012). | 

The food processing category is subdivided, in descending 
order of salt consumption, into other food processing, meat | 
packers, canning, dairy, baking, and grain mill products. Tota 
salt sold for food processing was 1.77 Mt in 2012. m 

[n meat packing, salt is added to processed meats to i 
color development in bacon, ham, and other processed e ; 

i It inhibits the growth of bacteriā, 
products. As a preservative, за ee 
which would lead to spoilage of the product. Salt in за am 
forms a binding gel made up of meat, fat, and moisture. 
ap navor pane E e iat: diti enhancer and 

[n canning, salt is primarily added as a па nec incre eli 
preservative. It also is used as а carrier for ot nes 
dehydrating agent, enzyme inhibitor, and ten 
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In the dairy industry, salt is added to cheese as а color-, 
fermentation-, and texture-control agent. The dairy subsector 
includes companies that manufacture creamery butter, 
condensed and evaporated milk, frozen desserts, ice cream, 
natural and processed cheese, and specialty dairy products. 

In baking, salt is added to control the rate of fermentation 
in bread dough. It also is used to strengthen the gluten (the 
elastic protein-water complex in certain doughs) and as a flavor 
enhancer, such as a topping on baked goods. 

The food-processing category also contains grain mill 
products. These products consist of milled flour and rice, cereal 
breakfast food, and blended or prepared flour. 

In the “other food processing” category, salt is used mainly 
as a seasoning agent. This category includes miscellaneous 
establishments that make food for human consumption (such 
as potato chips and pretzels) and for domestic pet consumption 
(such as cat and dog food). 

Many consumers are confused with the words salt and sodium 
and often think the two words are synonymous, but they are not. 
Medical experts agree that the daily sodium intake per person 
should be 2,300 milligrams (mg) or less, which is the equivalent 
of one teaspoon of salt, or 5.8 grams (g). Each gram of salt 
contains 0.4 g of sodium, and one gram of sodium is equal to 
2.5 g of salt (Downs, 2010; ScienceDaily, 2010). 

Many food processors began to use sea salt in their foods 
as a replacement for vacuum pan salt (table salt) as a more 
natural and healthy alternative. By weight, sea salt and table salt 
contain about the same amount of sodium chloride, and both 

have the same basic nutritional value. Sea salt is advertised and 
marketed as containing beneficial trace elements from seawater. 
According to the Mayo Clinic, these trace elements are virtually 
insignificant for human health but do add some flavor, larger 
crystal size, and color to the sea salt compared with the table salt 
that eliminates trace minerals and adds iodine and various free- 
flowing agents (Phillips, 2010; Zeratsky, 2010). 

Agricultural Industry. —Barnyard and grazing livestock 
need supplementary salt rations to maintain proper nutrition. 

In 2012, 1.46 Mt of salt was sold to the agricultural industry. 
Animal feed and water conditioning salt are made into 
22.7-kilogram (50-pound) pressed blocks. Jodine, sulfur, trace 
elements, and vitamins are occasionally added to salt blocks 
to provide nutrients not found naturally in the diet of certain 
livestock. Salt is also compressed into pellets that are used for 
water conditioning. 

Water Treatment. —Мапу areas of the United States have 
hard water, which contains excessive calcium and magnesium 
ions that contribute to the buildup of a scale or film of alkaline 
mineral deposits in household and industrial equipment and 
pipes. Commercial and residential water-softening units use 
salt to remove the ions that cause the hardness. The sodium 
ions captured on a resin bed are exchanged for the calcium 
and magnesium ions. Periodically, the water-softening units 
must be recharged because the sodium ions become depleted. 
Salt is added and dissolved, and brine replenishes the lost 
sodium ions. In 2012, 446,000 t of salt was sold for primary 
water treatment and an additional 472,000 t was sold for water 
conditioning distribution. 
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Stocks 


Because bulk salt is stored at many different locations, such as 
plants, ports, terminals, and warehouses, data on the quantity of 
salt stockpiled by the salt industry were not reliable enough to 
formulate accurate inventory totals; however, yearend stocks of 
producers were estimated to be 2 Mt, and consumer inventories 
also were estimated to be high. Most of these inventories 
were imported rock salt and solar salt. Many salt distributors, 
municipalities, road deicing contractors, salt producers, and 
States stockpiled additional quantities of salt in anticipation 
of adverse weather conditions. Deicing salt inventories during 
late 2012 to early 2013 were very large because the winter 
weather was unseasonably mild throughout most of the country. 
For the reasons discussed above, salt stocks are assumed to be 
the difference between salt production and salt sold or used in 
calculating apparent consumption. 


Transportation 


Because the locations of the salt supplies are not often 
near consumers, transportation may be an important cost. 
Pumping salt brine through pipelines is an economic means 
of transportation but cannot be used for dry salt. Large bulk 
shipments of dry salt in ocean freighters or river barges are low 
in cost but are restricted in points of origin and consumption. 
River and lake movement of salt in winter is often severely 
curtailed because of frozen waterways. As salt is packaged, 
handled, and shipped in smaller units, the costs increase and are 
reflected in higher selling prices. 

Transportation costs significantly add to the price of salt. In 
some cases, shipping costs are higher than the actual value of 
the salt. Ocean vessels can transport greater quantities of salt 
than barges, trains, or trucks. Transoceanic imports of salt have 
been increasing in some areas of the United States because they 
are more cost competitive than purchasing salt from domestic 
suppliers and transporting it using barge, rail, or truck. One 
important factor that often determines the quantity of salt that 
can be imported is the depth of the channels and the ports; many 
ports are not deep enough to accommodate larger ships. 


Prices 


The four types of salt that are produced have unique 
production, processing, and packaging factors that determine 
the selling prices. Generally, salt sold in bulk is less expensive 
than salt that has been packaged, pelletized, or pressed into 
blocks. Salt in brine is the least expensive salt sold because 
mining and processing costs are lower. Vacuum pan salt is the 
most expensive because of its purity and the higher energy costs 
involved in processing. 

Price quotations are not synonymous with average values 
reported to the USGS. The quotations do not necessarily 
represent prices at which transactions actually took place, or bid 
and asked prices. The annual average values, as collected by the 
USGS and listed in table 8, represent a national average value 
for each of the types of salt and the various product forms. 
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Foreign Trade 


Under Harmonized Tariff Schedule of the United States 
(HTS) nomenclature, imports are aggregated under one category 
named “Salt (including table and denatured salt) and pure 
sodium chloride, whether or not in aqueous solution, seawater." 
The same classification also applies to exports. The HTS code 
for salt is 2501.00.0000. The trade tables in this report list the 
previous and current identification codes for salt. Although 
several other HTS codes pertain to various salt classifications, 
the United States aggregates shipments under one code because 
the sums of individual subclassifications fail to meet the 
minimum dollar requirements necessary for individual listings. 

Based on U.S. Census Bureau data for 2012, the United States 
exported 809,000 t of salt; this was a 4% decrease compared 
with that of 2011 (table 9). In 2012, most exports (9076) were 
to Canada. Salt was shipped to 94 countries through 38 customs 
districts; the Buffalo, NY, district exported the most and 
represented 5496 of the U.S. total (table 10). Based on U.S. 
Census Bureau statistics, the United States imported 9.88 Mt of 
salt from 54 countries in 2012, which was 29% less than was 
imported during 2011 (table 11). Canada was the leading source 
of imports, representing about 40% of total imports, followed 
closely by Chile (37%). 

Table 12 lists the imports of salt by customs districts. Of the 
40 customs districts that imported salt in 2012, the Detroit, MI, 
customs district was the largest in terms of tonnage, accounting 
for about 14% of the total, followed by New York, NY (10%); 
Boston, MA (9%); Philadelphia, PA (8%); Milwaukee, WI 
(896); Chicago, IL (1%); Portland, ME (776); and Baltimore, 
MD (7%). The quantity of salt imports was about 12 times that 
of exports. Net salt imports also represented about 2196 of U.S. 
apparent consumption, indicating the magnitude of the U.S. 
reliance on salt imports. Most imported salt was brought into 
the country by foreign subsidiaries of major U.S. salt producers. 
Generally, imported salt can be purchased and delivered to many 
US. customers at prices lower than the comparable domestic 
product because production costs are lower abroad, currency 
exchange rates may cause the price of imported salt to be lower 
than the price of domestic salt, and ocean freight rates are less 
expensive than overland rail or truck rates. 


World Review 


Table 13 lists world salt production Statistics for 113 nations 
based on reported and estimated information. In 2012, the 
total estimated world production decreased to about 259 Mt. 
The United States remained a leading salt-producing country, 
representing 14% of total world output. China has rapidly | 
increased its production. In 2012, estimated salt production in 
China was about 70 Mt, making it the leading salt producer in 
the world, with about 27% of total world output. | 

Most countries possess some form of salt production | 
capability, with production levels set to meet their own domestic 

i nts and with additional quantities available for export 

мы ntries. Many developing nations tend to develop 
о resources to feed their populations first. 


ir agricultural r | 
ты звог of easily extractable mineral resources follows, and 
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salt is one of the first mineral commodities to be mined. Some 
countries, such as the United States, import a substantial amount 
of salt to meet total demand requirements because of economic 
factors, as previously discussed. 

In October, Compass Minerals, Inc. announced the purchase 
of mining rights to approximately 100 Mt of salt reserves in 
the Chilean Atacama Desert. The new assets could enhance the 
company's North American highway deicing business as well 
as its consumer and industrial businesses. The company stated 
that the Chilean reserves were of the highest quality in one 
of the lowest cost mining regions in the Western Hemisphere 
(Compass Minerals, Inc., 2012). 

K+S Group, the leading salt-producing company in the world, 
announced the first salt shipment from its Chilean division 
to China. Santiago-based Sociedad Punta de Lobos shipped 
150,000 t of salt to customers in China’s chemical industry in an 
attempt to break into the Chinese market (Weiss, 2012). 


Outlook 


The U.S. continued to be one of the leading countries 
in terms of salt production, consumption, and world trade. 
Despite the closing and idling of some chlorine plants since 
2007, the remaining chlorine facilities are able to run at higher 
capacity utilization rates if necessary to meet increased market 
demand. Because the chloralkali industry is energy intensive, 
any increase in energy prices is likely to reduce chlorine 
manufacture as well as salt brine usage. Solar salt and vacuum 
pan salt production and consumption have been constant and are 
expected to remain stable. U.S. salt production is expected to be 
between 40 Mt and 45 Mt through 2015. Rock salt production 
and consumption are heavily dependent on the severity of 
winter weather. Because many municipalities had sufficient 
inventories on hand for the 2012—13 winter season, less rock 
salt was produced in 2012. Although the severity of the weather 
is virtually impossible to accurately forecast far in advance, the 
supplies of salt, from either domestic or imported sources, are 
likely adequate to meet any anticipated increase in demand. | 

Because salt is a relatively low-value commodity, the shipping 
cost for oceanic, rail, or truck transportation can be an important 
determining factor when attempting to secure supply sources 
from either domestic or foreign locations. If energy price — 
increase, one mode of transportation may be more cost-effective 
than others. Excluding deicing salt, domestic salt consumption 
may fluctuate but is likely to continue to increase in rt 
with population growth. U.S. total salt production is expected '9 
be an estimated 42 Mt in 2013. 
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TABLE 1 


SALIENT SALT STATISTICS! 


(Thousand metric tons and thousand dollars) 


© Е 2008 2009 2010 2011 2012 
United States: 
Production: 
Brine 18,900 17,800 18,500 19,200 16,900 
Rock 20,900 20,300 17,600 18,500 ' 13,300 
Solar 4,070 3,880 3,120 3,230 ' 2,760 
Vacuum and open pans 4,200 4,030 4,100 4,080 4,240 
Total 48,000 46,000 43,300 45,000 37,200 
Sold or used by producers: 
Quantity 47,400 43,100 43,500 45,500 34,900 
Value 1,690,000 1,750,000 1,690,000 1,770,000 1,460,000 
Exports: 
Quantity 1,030 1,450 595 846 809 
Value 65,900 74,100 69,300 87,500 90,300 
Imports for consumption: 
Quantity xx 13,900 14,700 12,900 13,800 9,880 
Vale — 282,000 337,000 322,000 367,000 292,000 
Consumption: 
__ Apparent o o = 60,200 56,400 55,800 58,500 44,000 
Reported 53,100 45,000 48,600 48,000 " 36,900 
World, production 261,000 " 264,000 ' 269,000 ' 272,000 ' 261,000 * 


*Estimated. 'Revised. 


!Data are rounded to по more than three significant digits; may not add to totals shown. 


^Excludes Puerto Rico. 


36014 or used plus imports minus exports. 
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ТАВГЕ 2 
U.S. SALT COMPANIES BY PRODUCTION CAPACITY, LOCATION, AND TYPE IN 2012 


(Thousand short tons) 


Vacuum and 
Company .  . Rek __ Solar — орз Brine _ 
American Rock Salt Co., Hampton Corners, МУ — — 4,500 - -- -- 
Akron, OH SS - -- 350 (2) 
Avery Island, ВА 2,700 -- 2 Q) 
_ Breaux Bridge, LA = Е 200 = 
_Cleveland, OH — —— ______ 4,000 = - - 
OFeedomOK ___________ - 300 : - 
аеро - 800 - - 
“Lansing NY 2,400 = У - 
Hutchinson, KS ____________ Е - 450 - 
Newark СА 5 750 150 Q) 
St Clin м ____________ = -- 425 - 

Watkins Glen, NY 2а ыы 450 ЕЕ 
Corpus Christi Brine Services, Inc., Benavides, TX -- — - (2) 
Detroit Salt Co. LLC, Detroit, MI 1,500 EE Š - 
Dow Chemical Co., The: 

Freeport, TX -- с 2 (2) 

Plaquemine, LA = ae 5А (2) 
ЕЛ. duPont де Nemours, New Johnsonville, TN -— -- 230 — 
Huck Salt Co., Fallon, NV 20 ET z zs 
Hutchinson Salt Co., Hutchinson, KS 750 -- -- -- 
Independent Salt Со., Kanopolis, KS 750 -- -- -- 
Key Energy Services, LLC, Hobbs, NM -- -- a (2) 
Lyons Salt Co., Lyons, KS 600 -- = -- 
Moab Salt, Inc., Moab, UT -- 250 -- -- 
Morton International, Inc.: 

Fairport, OH 2,000 -- -- -- 

Glendale, AZ -- 150 -- 

Grand Saline, TX 400 -- 150 -- 

Grantsville, UT -- 500 — -- 

Manistee, MI -- -- 360 -- 

Rittman, OH -- -- 600 -- 

Silver Springs, МУ | -- -- 375 (2) 

South Hutchinson, KS | -- -- 350 -- 
. Weeks Island, LA | 1,800 -- -- (2) 
Mosaic Company, The, Hersey, МР 2 
New Mexico Salt and Mineral Corp., Loving, NM -- 100 -- -- 


i = —————— 


North American Salt Со. 
_ Cote Blanche, ГА _ 3,500 -- -- -- 
__Lyons, KS -- -- 425 -- 
Ogden, UT? -- 1,500 -- -- 
Occidental Chemical Corp., Wichita, KS PNE -- -- -- Q) 
Olin Corp., McIntosh, AL _ | -- -- -- (2) 
PB Energy Storage, Inc. | | 
Dale, NY _ | -- -- -- (2) 
Napoleonville, LA _ ЗА -- 
PPG Industries, Inc.: — 
Lake Charles, LA -- E ES (2) 
New Martinsville, WV | - => за 
Redmond Clay & Salt Co., Inc., Redmond, UT 150 -- -- ES 
Searles Valley Minerals, Inc., Trona, CA "M -- 


South Bay Salt Works, Chula Vista, CA -- 125 -- -- 


Теа Technologies, Inc., Amboy, СА : E а 75 2—5 Е 
See footnotes at end of table. 
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TABLE 2—Continued 
U.S. SALT COMPANIES BY PRODUCTION CAPACITY, LOCATION, AND TYPE IN 2012 


(Thousand short tons) 


MEENENCD——————ÁP——————À————-—-—--—— SS 


Company 
Texas Brine Corp.: 


ел aoe АИИ 


Beaumont, TX 

Chacahoula, LA 

Clemville, TX 

Corpus Christi, TX 

Houston, TX 

LaPorte, TX 

Wyoming, NY 
US Salt L.L.C., Watkins Glen, NY 
Union Texas Products Corp., Plaquemine, LA 
United Salt Corp.: 

Baytown, TX 

Carlsbad, NM 

Hockley, TX 

Saltville, МА 

Total production capacity 
-- Zero. 


'Formerly Superior Salt Co. 


Vacuum and 
Solar open pans Brine 

= Е (2) 
-- -- (2) 
-- - Q) 
-- -— Q) 
-- -- (2) 
-- -- (2) 
-- -- (2) 
-- 335 (2) 
= T (2) 
= 400 (2) 
400 -- -- 
-- 200 -- 
5,170 5,750 20,400 


2Includes brine for sale and for captive use. Individual brine capacity is assumed to be equal to the quantity of annual brine 
production, and therefore, considered company proprietary data. Brine producers include those chloralkali producers 

that produce captive brine and companies that supply brine for chloralkali manufacture, oil field chemicals, etc. Total 
brine production capacity is the quantity of brine produced for the year. 


3Sells salt to North American Salt Co. 
^Owned by Compass Minerals, Inc. 


5Owned by Compass Minerals; operated by Great Salt Lake Minerals Corp. 


é Associated with Texas Brine Corp. 


Source: U.S. Geological Survey. 


TABLE 3 
SALT PRODUCED IN THE UNITED STATES, BY TYPE AND PRODUCT FORM! 


(Thousand metric tons) 


Vacuum 
and 
Product form open pans 
2011: 
Bulk 949 
Compressed pellets 1,220 
Packaged 1,790 
Pressed blocks 127 
Total 4,080 
2012: 
Bulk 1,020 
Compressed pellets 1,190 
Packaged 1,900 
Pressed blocks 123 
Total 4,240 


"Revised. XX Not applicable. 


Solar 


2,390 ' 
337 
429 

75 

3,230 ' 


2,070 
268 
376 

46 

2,760 


Rock Brine Total 

18,000" 19,200 40,500 
XX XX 1,560 
438 XX 2,650 
52 XX 254 
18,500* 19,200 45,000 
13,100 16,900 33,100 
XX XX 1,460 
152 XX 2,430 

47 XX 215 
13,300 16,900 37,200 


І 
Data are rounded to по more than three significant digits; тау not add to totals shown. 
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- = ED = z 
Lx = = 


— 


Product form 
2011: 
Bulk 
Compressed pellets 
Packaged: 
Less-than-5-pound units 


More-than-5-pound units 


Total 
Pressed blocks: 
For livestock 
For water treatment 
Total 
Grand total 
2012: 
Bulk 
Compressed pellets 
Packaged: 
Less-than-5-pound units 


More-than-5-pound units 


Total 
Pressed blocks: 
For livestock 
For water treatment 
Total 
Grand total 


TABLE 4 
SALT SOLD OR USED IN THE UNITED STATES, BY TYPE AND PRODUCT FORM”? 


(Thousand metric tons and thousand dollars) 


Vacuum and 


open pans Solar Rock Brine Total 
Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 

763 82,400 2,6807 64,100" 18,000 ` 653,000 € 19,200 156,000 40,600 955,000 
1,230 214,000 379 60,200 XX XX XX XX 1,610 274,000 
250 NA 49 NA 57 NA XX XX 356 XX 
1,630 NA 639 NA 447 NA XX XX 2,720 XX 
1,890 378,000 688 67,400 ' 504" 54,000 * XX XX 3,080 500,000 
118 NA 11! МА 50 МА ХХ XX 279 XX 
9 NA 3 NA | МА ХХ XX 13 XX 
127 17,900 114 16,300 51 8,480 XX XX 291 42,600 
4,000 692,000 3,860" 208,000" 18,500 — 715,000 г 19,200 156,000 45,500 1,770,000 
1,020 99,600 1,580 62,500 11,100 397,000 16,900 142,000 30,600 701,000 
1,220 213,000 331 52,200 XX XX XX XX 1,550 265,000 
482 NA 86 NA (3) МА ХХ ХХ 568 XX 
1,350. NA 479 NA 150 NA XX XX 1,980 XX 
1,830 380,000 565 62,900 150 17,700 XX XX 2,550 461,000 
110 NA 83 NA 43 NA XX XX 236 XX 
14 NA 4 NA (3) NA XX XX 19 XX 
125 17,300 87 12,500 44 7,500 XX XX 255 37,300 
4,200 710,000 2,560 190,000 11,300 422,000 16,900 142,000 34,900 1,460,000 


"Revised. NA Not available. XX Not applicable. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 
2А$ reported at salt production locations; the term “sold or used" indicates that some salt, usually salt brine, is not sold but is used for captive purposes by 
company. Because data do not include salt imported, purchased, and (or) sold from inventory from regional distribution centers, salt sold or used by type 
may differ from totals shown in tables 5 and 6, which are derived from company totals. 


*Less than % unit. 
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TABLE 5 
SALT SOLD OR USED ВУ PRODUCERS IN THE UNITED STATES, 
BY STATE'? 


(Thousand metric tons and thousand dollars) 


PNEU" E 


2011 2012 
State Quantity Value Quantity Value 

Kansas 3,060 186,000 2,570 175,000 
Louisiana 14,300 234,000 11,600 172,000 
New York 6,520 452,000 4,800 383,000 
Texas 9,330 180,000 7,790 161,000 
Utah ! 2,660 126,000 1,380 99,600 
Other Eastern States? 8,190 485,000 5,340 346,000 
Other Western States' 1,440 109,000 1,420 128,000 

Total 45,500 1,770,000 34,900 1,460,000 
Puerto Rico* 45 1,500 45 1,500 


*Estimated. 


Гата are rounded to no more than three significant digits; may not add to 
totals shown. 


2The term “sold or used” indicates that some salt, usually salt brine, is not 
sold but is used for captive purposes by plant or company. 

Includes Alabama, Michigan, Ohio, Tennessee, Virginia, and West Virginia. 
^Includes Arizona, California, Nevada, New Mexico, and Oklahoma. 
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ТАВГЕ 7 
DISTRIBUTION OF DOMESTIC AND IMPORTED EVAPORATED AND ROCK SALT IN THE UNITED STATES, BY DESTINATION? 


(Thousand metric tons) 
2011 
Evaporated Evaporated 
Vacuum and Vacuum and 
Destination open pans Solar Rock Total open pans Solar Rock Total 

Alabama 43 12 41 97 46 12 52 110 
Alaska 2 3 = 4 1 3 Б 4 
Апгопа 14 109 1 123 14 104 1 119 
Arkansas 45 7 70 122 45 7 32 83 
California 197 741 ' 3 941 200 865 2 1,070 
Colorado 12 86 31 129 11 81 20 112 
Connecticut 14 5 159 178 14 6 41 61 
Delaware 11 6 2 19 11 6 ] 18 
District of Columbia (3) (3) (3) (3) (3) 2 == 3 
Florida 75 195 3 273 85 183 3 270 
Georgia 104 95 47 246 111 86 41 238 
Hawaii (3) 2 ЕА 2 (3) 2 22 2 
Idaho 20 130 Q) 150 22 117 (3) 139 
Illinois 320 100 2,270 2,690 327 92 1,470 1,890 
Indiana 246 115 887 1,250 254 102 492 848 
lowa 123 97 440 660 123 99 345 566 
Kansas 75 38 835 948 74 40 687 801 
Kentucky 72 6 1,080 1,160 68 6 447 521 
Louisiana 59 8 233 300 117 26 138 281 
Maine 15 4 126 145 17 3 105 126 
Maryland 78 22 110 211 79 53 70 202 
Massachusetts 33 6 334 373 34 8 153 195 
Michigan 262 36 1,290 1,590 266 47 1,100 1,410 
Minnesota 115 204 1,750 2,070 114 193 488 795 
Mississippi 20 5 183 209 20 7 107 134 
Missouri 110 97 540 747 111 78 226 415 
Montana 1 62 (3) 63 1 41 (3) 42 
Nebraska 54 43 212 310 53 46 15 114 
Nevada 5 230 ' 51" 286 5 196 41 242 
New Hampshire 15 10 78 103 14 8 52 74 
New Jersey 105 94 112 311 108 34 37 178 
New Mexico 21 196 (3) 217 23 167 (3) 190 
New York 181 24 3,220 3,430 183 29 1,820 2,040 
North Carolina 112 48 111 271 111 51 36 197 
North Dakota  — 18 19 5 42 12 19 | 32 
Ohio 431 47 2,710 3,190 425 45 1,660 2,130 
Oklahoma 29 29 83 141 28 27 79 135 
Oregon 20 41 1 62 20 47 (3) 67 
Pennsylvania 187 65 2,090 2,350 191 80 1,160 1,430 
Rhode Island 3 l (3) 5 3 l 6) 4 
South Carolina 36 15 1 52 39 15 | 55 
South Dakota 23 51 61 136 23 52 6 81 
Tennessee ы 133 7 494 634 137 6 144 287 
Теха$ 309 171 259 740 316 171 162 649 
Utah 17 207 9 234 18 188 9 216 
Vermont | | 5 1 327 332 4 | 242 247 
ыл = 294 175 34 60 268 
Virginia 113 32 148 

DUREE CMM ME 151 28 104 Q) 133 
Washington 24 126 (3) 

auci као ао е 6 279 22 17 215 253 
West Virginia 20 3 25 

Wisconsin 202 173 1,650 2,030 207 150 936 1,290 
Sues USt 65 4 23 ] 27 
Wyoming 3 62 (3) 

Other’ = 117 8 680 804 78 13 448 538 
Tob о 4250 3,900" 23,000 31,100 4,390 3,790 13,100 21,300 


See footnotes at end of table. 
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TABLE 7—Continued 

DISTRIBUTION OF DOMESTIC AND IMPORTED EVAPORATED AND ROCK SALT IN THE UNITED STATES, BY DESTINATION"? 
DENEI-—-—-—-——————————Á''Áo caÓ————————.À——;'————Á———É— 
"Revised. -- Zero. 
Рата are rounded to no more than three significant digits; may not add to totals shown. 
?Each salt type includes domestic and imported quantities. Brine is excluded because brine is not shipped out of State. 
?Less than % unit. 
^Includes exports and shipments to overseas areas administered by the United States, Puerto Rico, and unspecified destinations. 
5Because data include salt imported, purchased, and (or) sold from inventory from regional distribution centers, data for evaporated and rock salt 
distributed by State may differ from totals shown in tables 1 and 3, which are derived from plant reports at salt production locations. Data may 
differ from totals shown in table 5 because of changes in inventory and (or) incomplete reporting. 


TABLE 8 
AVERAGE VALUE OF SALT, BY PRODUCT FORM AND TYPE! 


(Dollars per metric ton) 
n 
Vacuum 
and 
Product form open pans Solar Rock Brine 
2011: 
Bulk 108.06 23.91 " 36.36 8.14 " 
Compressed pellets 173.92 159.02 XX XX 
Packaged 200.74 98.09 ' 107.15 ' XX 
Average" 174.00 51.19" 38.29 8.14" 
Pressed blocks 140.96 143.16 167.49 XX 
2012: 
Bulk 97.72 39.67 35.79 8.44 
Compressed pellets 174.19 157.78 XX XX 
Packaged 207.23 111.33 118.10 XX 
Average? 169.93 71.87 36.89 8.44 


Pressed blocks 139.16 144.11 171.96 XX 
"Revised. XX Not applicable. 


' Net selling value, free on board plant, excluding container costs. 

>Salt value data reported prior to 1984 were an aggregate value per metric ton of bulk, 
compressed pellets, and packaged salt. For time series continuity, an average of these 
three types of product forms is presented that is based on the aggregated values and 
quantities of the product form for each type of salt listed in table 3. 
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TABLE 9 
U.S. EXPORTS OF SALT, BY COUNTRY! 


(Thousand metric tons and thousand dollars) 


2011 2012 
Country Quantity Value? Quantity Value? 

Canada 754 55,400 728 57,200 
China | 556 1 768 
Colombia 2 537 2 400 
Costa Rica 2 357 2 602 
Dominican Republic 1 242 | 344 
Germany 1 525 | 865 
Honduras 1 267 1 265 
Јарап 6 1,710 4 3,600 
Malaysia 1 1,210 | 443 
Мехсо 35 7,810 34 8,320 
Netherlands 3 1,710 | 464 
Рапата 1 373 1 261 
Saudi Arabia 6 1,660 5 1,980 
United Arab Emirates ] 695 3 1,340 
Other 31 14,500 24 13,500 

Total 846 87,500 809 90,300 


! Data are rounded to no more than three significant digits; may not add to 
totals shown. (The Harmonized Tariff Schedule of the United States code 


for salt is 2501.00.0000.) 
?Free alongside ship value at U.S. ports. 


Source: U.S. Census Bureau. 
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TABLE 10 
U.S. EXPORTS OF SALT, BY CUSTOMS DISTRICT! 


(Thousand metric tons and thousand dollars) 


aa ee ве пре 


2011 2012 
District Quantity Value? Quantity Value? 

Anchorage, AK 2 331 2 839 
Buffalo, NY 440 26,200 438 29,800 
Cleveland, OH (3) 85 14 997 
Detroit, MI 75 9,670 48 7,820 
EI Paso, TX 2 315 2 334 
Great Falls, MT 3 855 2 670 
Houston, TX 11 4,230 10 4,820 
Laredo, TX 29 6,410 ia 6,140 
Los Angeles, CA 10 4,290 5 4,380 
Miami, FL 2 1,890 4 2,310 
Mobile, AL (3) 26 (3) 118 
New York, NY 14 7,620 11 4,510 
Nogales, AZ 3 692 5 1,020 
Norfolk, VA 3 1,190 2 1,200 
Ogdensburg, NY 27 5,270 22 4,350 
Pembina, ND 4 1,090 3 1,070 
San Diego, CA 1 389 3 821 
San Francisco, СА 3 1,240 4 2,050 
Seattle, WA 8 2,200 11 2,620 
St. Albans, УТ 7 1,200 7 1,150 
Other“ 202 12,300 191 13,400 

Total 846 87,500 809 90,300 


!Data are rounded to no more than three significant digits; may not add to totals 
shown. (The Harmonized Tariff Schedule of the United States code for salt is 
2501.00.0000.) 

?Free alongside ship value at U.S. ports. 

Less than % unit. 

^Unknown but assumed to be rail and (or) truck shipments to Canada through 


various points of departure. Also includes minor shipments through 19 other 
customs districts. 


Source: U.S. Census Bureau. 
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TABLE 11 
U.S. IMPORTS FOR CONSUMPTION OF SALT, BY COUNTRY’ 


(Thousand metric tons and thousand dollars) 


2011 2012 
Country Quantity Value? Quantity Value? 
Australia 63 947 1 339 
Bahamas, The 512 8,940 366 9,160 
Belgium 4 1,190 4 1,390 
Brazil 132 3,120 (3) 253 
Canada 5,340 153,000 3,980 126,000 
Chile 5,030 102,000 3,620 68,600 
China 12 1,750 10 3,310 
Colombia 4 909 22 996 
Cyprus 3 186 (3) 242 
Egypt 359 7,450 112 2,950 
France 17 5,620 8 6,610 
Germany 2 1,880 2 1,630 
India 4 314 2 267 
Israel 13 4,120 11 6,620 
Italy 34 3,390 68 3,170 
Japan | 161 (3) 46 
Korea, Republic of 6 1,700 6 2,180 
Mexico 1,480 44,700 1,270 37,600 
Netherlands 127 5,800 134 5,090 
New Zealand (3) 98 (3) 418 
Pakistan 3 1,520 6 2,450 
Peru 560 8,250 154 2,360 
South Africa 14 1,510 4 1,280 
Spain 7 3,560 11 2,330 
Switzerland (3) 27 (3) 41 
United Kingdom 13 1,270 16 1,640 
Vietnam | 245 25 384 
Other 95 3,130 51 4,360 


Total 13,800 367,000 9,880 292,000 


!Data are rounded to no more than three significant digits; may not add to totals 
shown. (The Harmonized Tariff Schedule of the United States code for salt is 


2501.00.0000.) 
Customs value only. 
?Less than У unit. 


Source: U.S. Census Bureau. 
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TABLE 12 
U.S. IMPORTS OF SALT, BY CUSTOMS DISTRICT! 


(Thousand metric tons and thousand dollars) 


2011 2012 
District Quantity Value? Quantity Value 
Anchorage, AK 19 722 20 709 
Baltimore, MD 1,320 35,800 712 20,300 
Boston, MA 1,210 20,000 878 14,700 
Buffalo, NY 107 2,700 142 3,070 
Charleston, SC 182 4,000 103 2,140 
Chicago, IL 1,140 22,600 734 15,600 
Cleveland, OH 233 6,760 155 4,240 
Columbia-Snake, OR 157 5,450 140 5,020 
Dallas-Fort Worth, TX (3) 73 (3) 50 
Detroit, MI 1,180 24,400 1,430 26,300 
Duluth, MN 62 5,880 19 1,760 
Great Falls, MT 6 939 6 807 
Los Angeles, CA 137 6,210 208 9.460 
Miami, FL 1 429 | 385 
Milwaukee, WI 1,060 22,400 807 16,400 
Minneapolis, MN 287 5,960 259 5,270 
Mobile, AL l 1,220 4 4,250 
New Orleans, LA 197 8,870 1 361 
New York, МУ 1,950 45,900 994 31,200 
Norfolk, VA 154 3,980 182 6,890 
Ogdensburg, NY 736 46,000 260 47,000 
Pembina, ND 27 2,970 33 3,420 
Philadelphia, PA 1,600 35,600 817 19,300 
Portland, ME 891 18,400 728 15,400 
Providence, RI 270 6,180 171 3,120 
San Diego, CA 7 2,050 9 2,990 
San Francisco, CA 38 1,940 118 3,010 
San Juan, PR 5 968 26 1,350 
Savannah, GA 31 1,630 57 2,570 
Seattle, WA 121 4,410 51 4,240 
St. Albans, VT 5 564 15 222 
St. Louis, MO || 273 (3) 43 
Татра, ЕТ, 432 10,100 392 10,300 
Wilmington, NC 159 5,930 96 3,840 
Other* 123 5,530 312 5,950 


Data are rounded to no more than three significant digits; may not add to totals 
shown. (The Harmonized Tariff Schedule of the United States code for salt 
is 2501.00.0000.) 


"Customs value only. 
?Less than % unit. 


4 : е 
Includes imports through six other customs districts. 


Source: U.S. Census Bureau. 
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TABLE 13 
SALT: WORLD PRODUCTION, BY COUNTRY!” 


(Thousand metric tons) 


Country? 2008 2009 2010 2011 2012* 
Afghanistan rock salt — — — —— —— — — o 158 180 186 190 * 180 
Albania NA' МА: NA' МА ' NA 
Algeria, brine and sea salt — — — — — — — — — 99 ' 109 107 ' 170 ' 280 
Angola? sess 35 35 50 ' 40 ' 40 
Argentina eee 1,681 1,478 1,532 ' 1,885 ' 1,900 
Armenia — O O S 37 29 ' 29 ' 36 ' 36 
Awstralia — 0 0000000 11,160 10,316 11,968 11,744 10,821 * 
Austria, rock and brine 874 1,038 1,083 1,143 € 1,100 
Azerbaijan 8 5 4 19° 19 
Bahamas, Тће“ 1,024 "^ 1,000 1,036 7^ 1,000 1,000 
Bangladesh, marine salt” 1,368 ' 1,389 € 1,409 ' 1,410 "• 1,410 
Belarus” 1,476 * 1,695 4 1,700 1,700 1,700 
Bolivia 1 2 1 2 2 
Bosnia and Herzegovina 555 556 663 832 862 4 
Botswana? 171' 241' 365 ' 350 ' 325 
Brazil: 
Marine salt 5,200" 4,462 ' 5,615 ' 5,600 ' 5,370 
Rock salt 1,528 ' 1,443 ' 1,415 € 1,400 : 1,650 
Total 6,728 ' 5,905 ' 7,030 € 7,000 ' 7,020 
Bulgaria* 2,100 1,300 1,900 " 2,200 ' 2,100 
Burkina Faso* 5 5 5 5 5 
Burma, brine salt 54 133 97 100 ^* 100 
Cambodia 78 NA' NA‘ NA‘ NA 
Canada 14,386 14,615 10,537 12,756 € 10,845 4 
Cape Мегде“ 2 2 2 2 2 
Chile 6,431 8,382 7,695 9,966 8,057 4 
China 66,640 ' 66,630 70,380 67,420 ' 70,000 
Colombia: 
Marine salt 386 356 357 ' 140 " 100 
Rock salt 245 255' 289 ' 290 ^* 300 
Тога! 632 612 645 € 430 ^* 400 
Croatia‘ 30 ' 30 ' 30 € 30 € 30 
Сиђа 232' 237 ' 231' 259 € 250 
Denmark 497 ' 911 601: 600 ^* 600 
Djibouti 12 ' 12° 12^ 12 " 12 
Dominican Republic, marine salt — — — 11 NA' NA' МА ' NA‘ NA 
Ecuador МА ' NA‘ МА ' NA' NA 
Egypt 2,952 ' 2,666 ' 2,460 " 2,800 ' 2,900 
El Salvador, marine salt МА ' МА ' МА‘ NA' NA 
Eritrea, marine salt? 8" 8' 8" 8' 8 
Ethiopia, rock salt? 260 * 351 * 330 € : 388 * 440 
France, all sources? 6,240 ' 6,200 * 5,867 ^ 5,430 6,100 
Georgia зо ___ о v w — ЗИ 
Germany: 
idus BARES 9,084 9,798 8,752 8,066 ' 5,470 
Rock salt and other 6,169 8,816 10,602 9,048 | 6,130 
Salt, evaporated, includes marine salt 580 325 322 319 3,150 
Е 15,833 18,939 19,676 17,432 € 14,800 


Total mu 
See footnotes at end of table. 
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TABLE 13—Continued 
SALT: WORLD PRODUCTION, BY COUNTRY? 


(Thousand metric tons) 


Country? 

Ghana Е 2008 2009 З 
Greece" 239 250 - 2011 2012“ 
G : 85 100 ' 

uadeloupe 220 189 54 150 100 
Guatemala* NA‘ NA! МА! 200 ' 200 
Guatemala Т ; 
Guinea" 60 50 50 МА МА 
Honduras 15 15 js 50 50 

15 

Iceland* NA! г 15 
О у, у == А МА NA! NA? 
Mi си ro - 

Rock salt 16,000 
Ec ^ SS SSS 3 us b 16,000 * 17,000 
г e АРВ с —— l aM 

‚000 17,0 
Iran’ 700 585 hn 2 ‚000 
ШОО ИНН a € АИИ 700 
ШЫ њи ш. 2,158 2,816 € 3,291" 3 ET 
Israel 109 113 2000 3,300 
COO И pr eae ee чү | 102 136' 
Italy, all sources о 00000000 je 357 421 410" Ез 
= 2,200 • ; 
Dr eame erue eei NA ' i А 4,006 2,912 € 2200 
арап r : , 

Jordan, all sources — 0000000000000 ' 1,200 Li25 54 „4 
Kazakhstan 26 * 23 | 34° ae 1,09 
Kenya, crude sal? ——— Pus 2 229 325 Ph $ 
женине ара "M к 6 257 25 
Cac... D no 500 500 500 
Kuwait" 8 382 223 $744 300 
Kyrgyzstan" is [я 15 15 
Laos, rock salt" ! І 1 1 | 
Бе UU Meg a ee i 35 32 3s 35 
ea ire eee ee M an zn 20 20 20 
Madagascaf о _________ is 4» 40 20 30 
XS m CAM NU PECES : i^ 75 80 80 
Пе а ~ 6 6 6 
QUIT ee ene ? АА 6' 6' 6 
Man Г ушы улу Nee ey МА NA ' NA‘ МА ' МА 
Mauritius, marine salt + ка em | | 
Mexico 2' n" gs 
EU ул кс UM C MMC п eee 8,809 7.445 г à 
Mongolia mine output = o o 8,430 8,812 10,798 * 
Montenegro, sea water evaporate  —  — — č =< — | - d 2' | | 
Шо г с сеш н ее: ә a (те ДЕА вени 
x c 1 MEE ee ыы 16 
Я Ерла а He A 20 25 25 | 
gc MERDA MEN s л T 503 | АЖ | 
Mozambique, marine salt" 110 fn ics 746 ' 725 | 
Namibia madnetalt m" 735 бди 120 " 130 
T a OE EEE NA i 71 738 ' 740 
Л эзе ee ај cl | МА МА МА | 
пе T ИН ee e a EN 95 95" 100 
Niger" ds NA' МА' NA‘ NA 
DD MU HERE MEC AI MM ie QE 2 | | l | 
Ева C ee ли pem 11 31 12 i 13 
Pakistan? | —————————————— 

Marine = 50 * 93 190 3157 180 
A i E дес сечен лты тш лут. ED EN OE c———— BO dq. . 

TR 19305 — 2,034 __ 2,248 2,343' ____2,080 _ 
See footnotes at end of table. BTE ag auem iem TAURI 
YEARBOOK—2012 
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TABLE 13—Continued 
SALT: WORLD PRODUCTION, BY COUNTRY"? 


(Thousand metric tons) 


Country? 2008 2009 2010 2011 2012* 
Panama, marine salt 217 20° 28" 17 17 
Peru 1,276 1,567 1,570 * 1,565 ' 1,200 * 
Philippines, marine salt 510 516 558 720 ' 720 
Poland: 
Evaporated salt 622 299 411 415 393 * 
Rock salt 618 999 1,222 ' 1,234 782 4 
Other (brine and desalination of mine waste water) 2,783 2,533 2,464 2,633 2,630 
Total 4,023 " 3,831 € 4,097 ' 4,282 ' 3,810 
Portugal, rock salt 607 ' 595 ' 619: 631' 561 
Romania: 
Rock salt 2,400 2,000 2,400 * 2,500 ' 2,200 
Other 50 40 40' 40 ' 40 
Тога! 2,450 2,040 2,440 ' 2,540 " 2,240 
Russia* 1,800 ' 1,600 ' 1,800 ' 1,800 € 1,800 
Saudi Arabia" 1,600 * 1,640 1,800 1,800 2,000 
Senegal 241 222 232: 258' 260 
Serbia 30 29 31 23 17 * 
Slovakia‘ 99 4 38 4 38 ' 38 ' 40 
Slovenia‘ p* 3." (10) т 4' 64 
South Africa 430 408 394 381 € 370 
Spain: 
. Marine and other evaporated salt 1,393 € 1,438 € 1,334 "€ 1,407 € 1,400 
Rock salt 2,910" 2,763 ' 3,116" 3,096 ' 3,100 
Total 4,303 ' 4,201 " 4,450 ' 4,504 ' 4,500 
Sri Lanka" 111 * 11 10 11 12 
Sudan | 11 36 142 WES 26 4 
Switzerland 535' 435 ' 500 " 501 ' 528 
Зупа 89 78 81 80 40 
Tajikistan" 52 52 52 27 28 
Tanzania 26 27 34° 32:1 34 4 
Thailand: 
Rock salt -- Г -- ' -- 1 ait = 
Other mud па iF _ т row eR 
.. Total m u = = = аг = 
Tunisia, marine salt с 1,063 1,280 1,804 1,181 ' 1,500 
Turkey 2,472 3,768 4,044 ' 6,546 ' 5,000 
Turkmenistan? ____ = 215 215 215 215 215 
Чрапда“ 15 " 15' 15' 1577 15 
Ukraine — — 4,425 5,395 4,908 5,938 ' 5,900 
United Kingdom" 5,565 ' 6,166 ' 6,666 ' 6,700 =€ 6,700 
United States, including Puerto Rico: = 
United States: m 
Brine 18,900 17,800 18,500 19,200 16,900 * 
___Коск salt 20,900 20,300 17,600 18,500 ' 13,300 4 
... Solar salt 4,070 3,880 3,120 3,230 ' 2,760 ^ 
Vacuum and open pan — 4,200 4,030 4,100 4,080 4,240 ^ 
Total 48,000 46,000 43,300 45,000 37,200 ^ 
. Puerto Rico* 45 45 45 45 45 
Total, United States and Puerto Rico Е 48,100 46,100 43,300 45,000 37,200 * 
Venezuela’ 350 350 350 350 350 
Vietnam 717 679 975 ' 929 ' 930 
Yemen" 65' 79 ' 75 751 75 
: Grand total 260,000 ' 264,000 ' 269,000 ' 272,000 ' 261,000 
Estimated. "Revised. NA Not available. -- Zero. | 


1 А 
Grand total, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


Includes data available through August 14, 2014. 
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TABLE 13—-Continued 
SALT: WORLD PRODUCTION, BY COUNTRY!” 


Salt is produced in many other countries, but available information is inadequate to make reliable estimates of output levels. Some salt brine 


production data for manufacture of chlorine, caustic soda, and soda ash are not reported because of incomplete reportingby many countries. 
*Reported figure. 


Year ending June 30 of that stated. 
*From natural soda ash production. 
"Year beginning March 21 of that stated. 


3Does not include production from Sardinia and Sicily, which is estimated to be 200,000 metric tons per year. 
?Production by Magadi Soda Ash Ltd. only. 


10] ess than % unit. 
"Dissolved in 2010. 


Year ending July 15 of that stated. 
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SAND AND GRAVEL, CONSTRUCTION 
By Wallace P. Bolen 


Domestic survey data and tables were prepared by Michelle B. Blackwell, statistical assistant. 


A total of 812 million metric tons (Mt) of construction sand 
and gravel was produced in the United States in 2012. Although 
this was a slight increase of 4 Mt from the revised production of 
2011, production was nearly 40% less than the peak production 
of 1.34 billion metric tons during 2006 and 2012 concluded 3 
consecutive years with the lowest levels of U.S. sand and gravel 
production since 1991. Despite the modest increase, more than 
one-half of the States had decreased production in 2012 compared 
with that of 2011. Some regions, however, had increased demand, 
especially in areas where States have experienced a boom in 
natural gas and oil production and (or) in areas that had been 
particularly hard hit during the recent recession and have reported 
improvements in housing construction. 

Construction sand and gravel is a traditional basic building 
material and is one of the earliest materials used by humanity for 
dwellings and later for outdoor areas such as paths, roadways, 
and other constructs. Sand and gravel is very accessible and 
is widely used throughout the United States and the world. 

As sand and gravel became less available owing to resource 
constraint or economic conditions in some locales, builders 
began to crush bedrock to produce a manufactured sand and 
gravel often referred to as crushed stone. Sand and gravel and 
crushed stone combined are defined as construction aggregates. 
The crushed stone industry is reviewed in a separate chapter of 
the U.S. Geological Survey (USGS) Minerals Yearbook; both 
of these mineral commodities are usually included in reviews of 
national, State, or local aggregate industries. All percentages in 
this report were computed using unrounded data. 

Although a few States had greatly increased demand related 
to energy production, demand elsewhere was dampened by 
the still relatively weak nationwide construction industry. The 
U.S. Census Bureau reported that the value of construction put 
in place was up by nearly 996 in 2012 compared with that of 
2011 but still nearly 54% less than the peak year of 2006. The 
improving numbers reported by the U.S. Census Bureau have 
not yet translated to a corresponding increase in annual sand and 
gravel consumption (U.S. Census Bureau, undated). 

In the United States in 2012, 6,598 construction sand and gravel 
operations were known to be active (table 6A), 1,093 operations 
were reported or assumed idle, and 311 operations either were 
reported to be closed or were assumed to be permanently shut 
down. Of the 6,598 active operations, 87 were classified as 
sales or distribution yards only; a sales yard is defined as a fixed 
location that receives sand and gravel from a distant source and 
sells it at the yard. Additionally, 167 operations reported that they 
were either an open pit or a dredge combined with a sales yard 
that supplemented local production with material from a remote 
location. A small number of the idle sand and gravel operations 
reported recycling of asphalt and portland cement concrete. The 
6,598 operations with 8,007 active sand and gravel pits were 
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owned by 4,129 companies or government agencies located in all 
50 States. 

A review of the data provided by the U.S. Mine Safety and 
Health Administration (MSHA) revealed 370 newly opened 
or previously unaccounted for sand and gravel locations 
that reported at least 500 employee hours of activity during 
2012. Information was gathered from these newly recognized 
operations and is included in the 2012 data. In 2012, of the 
6,598 active operations surveyed, 3,135, or 48%, responded 
to the USGS canvass. Their total production represented 5396 
of the 812 Mt produced in 2012. Estimates for operations 
that did not report were based on prior years’ data and MSHA 
employee hour reports. Each year, hundreds of sand and gravel 
operations are idled, closed, or abandoned, and hundreds more 
are reactivated or opened. The changing location of construction 
and highway projects is the major factor in decisions to open, 
idle, or close operations. 

According to the U.S. Census Bureau, exports of sand and 
gravel in 2012 increased by 1996 to 426,000 metric tons (t) 
compared with those of 2011. However, the value of these 
exports decreased by 10% to $25.5 million compared with the 
2011 value (tables 1, 12). Imports of construction sand and 
gravel increased by 19% in 2012 compared with those in 2011, 
but the value decreased by 9% to $59.2 million (tables 1, 13). 
Imports have become a significant source for sand and gravel 
in some areas of the country but remain a tiny fraction of total 
consumption. Domestic apparent consumption of construction 
sand and gravel, which is defined as production for consumption 
(sold or used) plus total imports minus total exports, was 
815 Mt. In addition to this, at least 30 Mt of asphaltic and 
portland cement concrete was recycled during 2012. 

some information about the production of construction sand 
and gravel in foreign countries can be found in the USGS 
Minerals Yearbook, volume III, Area reports—International. 
For nonreporting countries, estimates of sand and gravel and 
crushed stone production can be based on indirect indicators, 
such as the levels of asphalt and cement consumption. 


Production 


Of the four major geographic regions, the West continued 
to lead the Nation in the production of construction sand and 
gravel in 2012 with 265 Mt, or 33% of the U.S. total (table 2). 
The Midwest ranked a close second with 256 Mt, or 3296; the 
South produced 202 Mt, or 25%: and the Northeast produced 
89 Mt, or 11%. Compared with that of 2011, production was 
down slightly in every region of the United States except in the 
Midwest, where production increased by about 5%. 

Of the nine geographic divisions, the Mountain division led 
the Nation in the production of construction sand and gravel in 
2012 with 142 Mt, or 18% of the U.S. total, and was followed 


by the West North Central with 132 Mt, or 1696; the East North 
Central with 124 Mt, or 1596; and the Pacific with 123 Mt, or 
15% (table 2). The largest production increase was in the West 
North Central division, which rose by 11.5% compared with that 
of 2011, mainly in response to infrastructure related demand 
from the rapidly expanding oil and gas activity. Production also 
increased in the New England (2.5%), South Atlantic (1.5%), 
and Mountain (1%) divisions. The two largest decreases were in 
the Middle Atlantic (6.4%) and Pacific (5.2%) divisions. 

In 2012, construction sand and gravel was produced in every 
State (table 3). The leading States with production greater than 
25 Mt were, in descending order of tonnage, Texas, California, 
Minnesota, Arizona, Michigan, Ohio, North Dakota, New 
York, Washington, Colorado, and Wisconsin. The combined 
production of these 11 States represented about 5476 of the 
national total. In 2012, production decreased in 30 States and 
increased in 20 States compared with that of 2011. Production 
increases of greater than 10% were reported in five States— 
North Dakota (3596), Rhode Island (2596), Minnesota (19%), 
Florida (1496), and Maryland (11%). Production decreases 
of 1096 or more were reported in five States—Hawaii (1876), 
Louisiana (1396), North Carolina (12%), Illinois (11%), and 
Jowa (10%). 

A review of the production of construction sand and gravel 
for consumption by size of operation indicated that 49% of the 
total production came from 2,016 operations having between 
100,000 and 499,999 metric tons (t) of production in 2012, 
20% of the construction sand and gravel produced came from 
277 operations having between 500,000 and 999,999 t of 
production, and 15% came from 76 operations having 1 Mt 
or more of production. The majority of operations (4,229, or 
65% of total operations) produced less than 100,000 t in 2012 
(1696 of the total production) (table 6A). 

In 2012, the leading domestic commercial producers of 
construction sand and gravel were, in descending order of 
production, Oldcastle Materials, Inc., CEMEX S.A.B. de СМ; 
Vulcan Materials Co.; Lehigh Hanson, Inc.; MDU Resources 
Group, Inc.; Martin Marietta Aggregates; Holcim Group/ 
Aggregate Industries Management, Inc.; Trinity Industries, Inc.; 
Mitsubishi Materials Corp.; and Granite Construction, Inc. The 
combined production of these 10 companies was about 159 Mt, 
or about 19% of the national total. The top 100 producers of 
construction sand and gravel in the United States in 2012 hada 
combined production of 349 Mt (43% of the national total), and 
are listed in table 14. The companies that improved their rank on 
the list of top 100 producers were almost all serving States that 
oved economies related to oil and gas exploration and 


had impr 
production, especially North Dakota and Texas. 


Consumption 


Production of construction sand and gravel reported to ER 

USGS by producers Was material that was sold or used by the 
nies. Stockpiled production 15 по! reported until it is 

ae sumed by the producer. Because no consumption 
sees conducted by the USGS for sand and gravel, 
"ax ied sed tonnage 15 assumed to represent the amount 
9 ни dor domestic consumption and export. Because 
dm of ie construction sand and gravel producers did not 
som 
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report a breakdown by end use, their total production was 
reported under “Unspecified uses, reported." The estimated 
production of nonrespondents was reported under “Unspecified 
uses, estimated." 

Of the 812 Mt of construction sand and gravel produced in 
2012, 62% was reported or estimated without a breakdown by 
end use (tables 4—5). Of the remaining 310 Mt, 42% was used as 
concrete aggregate; 26% was used for road base and coverings; 
1296, for asphaltic concrete aggregate and other bituminous 
mixtures; 12%, for construction fill; about 1% each, for concrete 
products, plaster and gunite sands, road stabilization, and snow 
and ice control; and the remainder was used for golf course 
maintenance, filtration, railroad ballast, roofing granules, and 
many other miscellaneous uses. 

The reported percentage consumption patterns for 
construction sand and gravel exclude the unspecified uses. 

In any marketing or use-pattern analysis based on quantity 
distribution, the total quantities included in “Unspecified 
uses" may be distributed among the reported use categories by 
applying the above percentages. 

Additional information regarding production of construction 
sand and gravel by major uses in each State and State district 
can be found in the USGS Minerals Yearbook, volume II, Area 
reports—Domestic. 


Recycling 


The USGS collects recycling statistics from construction 
and demolition companies. Not all of the companies surveyed 
responded to the request for information on asphalt and portland 
cement concrete recycling, and the data shown in tables 10 
and 11 do not include estimates for nonrespondents. These 
data have been combined with recycling data received from 
aggregate mining companies, including construction sand and 
gravel and crushed stone producers. Recycling in this industry 
generally refers to the crushing, screening, and reuse of asphalt 
and portland cement concretes. Aggregates, construction, - 
and demolition companies and related asphalt and геаду-пих 
companies are often involved in construction projects during | 
which they collect and reuse the materials at the site. Sometimes 
construction companies haul their materials to a recycling — 
location where the asphalt and (or) portland cement concrete 15 
processed for reuse. кеў 

Recycled Asphalt Сопсгеге.—11 2012, 16.6 Mt of aspha 
concrete valued at $134 million was reported as recycled by 
aggregate, construction, and demolition companies 1n E 
(table 10). The leading States, all with more than DRE 3 
recycled asphalt concrete were, in descending order о сит 
recycled, California, Illinois, Pennsylvania, Minnesota, d 
Carolina, Michigan, New York, Utah, Kansas, and Conne : ie 
About 6.2 Mt of asphalt concrete was recycled by 294 we de 
gravel companies. Sand and gravel producers who acp m 
most recycled asphalt concrete were, 1n de Sm 
American Asphalt Co.; Midwest Asphalt Согр.; ЫТ Оман 
Construction, Inc.; The Lane Construction Corp.; мй 
Materials. These five companies recycled about 2. 
asphalt concrete. 

Recycled Concrete.—1n 
cement concrete valued at 


2012, about 13.7 Mt of portland 


cle 
$102 million was reported as recy 
K—2012 
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in 47 States (table 11). The leading States, all with more 

than 500,000 t of recycled portland cement concrete were, in 
descending order of tonnage recycled, California, Illinois, Texas, 
Michigan, Virginia, Wisconsin, and Colorado. About 4.7 Mt of 
portland cement concrete was recycled by 291 sand and gravel 
companies. Sand and gravel producers who reported the most 
recycled portland cement concrete were, in descending order, 
Vulcan Materials; Kenny Seng Construction; Knopik Crushing, 
Inc.; Kraemer Trucking and Excavation, Inc.; and Dan Copp 
Crushing Corp. These five companies recycled about 1.1 Mt of 
portland cement concrete. 


Transportation 


Information regarding the method of transportation of 
construction sand and gravel from the pit or processing plant 
to the first point of sale or use is available for each geographic 
division and the total United States. Reports regarding the 
method of transportation were provided by the producers of 
252 Mt, or 3196 of the total U.S. production of construction 
sand and gravel in 2012. Of this, 79% was transported by truck; 
4%, by waterway; 2%, other; and less than 1% by rail (table 7). 
The "other" category probably indicates customer pickup or 
was unknown by the respondent but was likely transported by 
truck. A significant portion of the 252 Mt (about 1496) was not 
transported and was used at or near the production site, probably 
for asphalt or portland cement concrete production. Because 
most producers neither keep records of nor report shipping 
distances or cost per metric ton per mile, transportation cost 
data are not available. 


Prices 


Prices discussed in this chapter are average unit values and 
are free on board (f.0.b.) plant, usually at the first point of sale 
or for captive use. This does not include transportation from the 
plant or yard to the consumer. It normally includes all costs of 
mining, processing, in-plant transportation, overhead, and profit. 

The 2012 average unit value of construction sand and gravel 
increased by 2.196 to $7.65 per metric ton compared with the 
revised unit value for 2011. By use, the prices varied from a 
high of $12.56 per ton for filtration to a low of $4.93 per ton for 
fill (table 4). The largest increases in price were recorded for 
sand and gravel used for filtration (36.296); road stabilization, 
lime (28.796); road base and coverings (9.6%); and plaster 
and gunite sands (5.3%). The largest decreases were for road 
stabilization, cement (19.8%) and concrete products (9.9%). 

The States having the highest unit value per metric ton of 
construction sand and gravel were, in descending order, Hawaii 
($19.06), Maryland ($11.75), Virginia ($11.39), Rhode Island 
($11.34), Louisiana ($11.05), and California ($10.93). The 
States having the lowest unit value of construction sand and 
gravel per metric ton were, in ascending order, South Dakota 
($4.81), Kentucky ($4.90), Minnesota ($4.99), and Wisconsin 
($5.00). The construction sand and gravel unit value decreased 
in 20 States and increased in 30 States (table 3). The States 
having the largest increases in unit value жеге, in descending 
order, Delaware (46%), North Dakota (32%), South Carolina 
(28%), South Dakota (27%), Hawaii (22%), Idaho (22%), 
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Utah (2296), and Vermont (22%). The States having the largest 
decreases in unit value were, in descending order, Alaska (22%), 
New Hampshire (1796), Rhode Island (12%), Massachusetts 
(8%), and Florida (6%). 


Foreign Trade 


The widespread distribution of domestic sand and gravel 
deposits and the high cost of transportation limit foreign trade 
to mostly local transactions across international boundaries. 
U.S. imports and exports were equivalent to less than 196 of 
domestic consumption. 

According to the U.S. Census Bureau, exports of construction 
sand increased by 3796 to 197,000 t compared with that of 2011, 
but the value decreased by 1196 to $19.6 million (table 12). 
Canada, which was the leading destination, received 70% 
of the total sand exports, followed by Mexico (1296), and 
Germany (8%). Exports of construction gravel increased by 
8% to 229,000 t compared with those of 2011, but the value 
decreased by 696 to $5.9 million. Canada, which was the leading 
destination, received 6796 of total gravel exports. Germany 
was the second leading destination receiving 1196 of the gravel 
exports. The average value of sand and gravel exports in 2012 
was $60 per ton, which was down by 24% from $79 per ton in 
2011. АП of these values may have been relatively high because 
some higher grade sand and gravel, such as industrial sand and 
gravel (especially hydraulic fracturing sand used in natural gas 
and oil drilling), was being misclassified as construction sand 
and gravel. 

In 2012, imports of construction sand and gravel increased by 
1995 to 4.1 Mt, but the value decreased by 9% to $59.2 million 
(table 13). Canada was the leading source of construction sand 
and gravel imports, with 8996 of the total. Mexico supplied 
about 876 of the imports, and most of the remaining 396 was 
supplied by nine other countries. The average unit value of sand 
and gravel imports in 2012 was $14.41 per ton, down from 
$18.82 per ton in 2011. 


Outlook 


Many economic indicators show an improving economy in 
the United States and 2013 sand and gravel consumption was 
expected to increase compared with that of 2012. Data from 
the 2013 USGS quarterly survey of U.S. aggregates producers 
projected a 4% increase in sales of sand and gravel compared 
with those of 2012, based on a sample of the leading sand and 
gravel producers in the United States. 

The average price for construction sand and gravel in 2012 
increased for the second consecutive year after experiencing the 
first drop in average price in 2010 since 1990. The 2012 average 
price exceeded the previous all-time high of $7.51 per ton set 
in 2009. Improving demand from many sectors and higher fuel 
costs could keep some upward pressure on sand and gravel 
production costs for 2013. Higher costs are likely to continue 
in and near metropolitan areas because, as nearby resources 
are depleted, more aggregates will be transported from distant 
sources with the accompanying extra fuel cost. 
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TABLE 1 
SALIENT U.S. CONSTRUCTION SAND AND GRAVEL STATISTICS! 


(Thousand metric tons and thousand dollars) 


2008 2009 2010 2011 2012 

Sold or used by producers? 

Quantity 1,060,000 839,000 807,000" 808,000" 812,000 

Value 7,900,000 6,300,000" 5,890,000" 6,050,000" 6,210,000 
Recycled:? 

Quantity 29,100 28,500 26,400 27,300 ' 30,300 

Value 252,000 264,000 201,000 214,000" 237,000 
Exports: 

Quantity 392 439 381 357 426 

Value 22,400 23,100 22,600 28,200 25,500 
Imports: 

Quantity 5,430 2,980 2,670 3,440 4,110 

Value 114,000 66,100 95,900 64,800 59,200 
"Revised. 


'Data are rounded to no more than three significant digits. 
?Puerto Rico is excluded from all sand and gravel statistics. 


? Asphalt and portland cement concrete recycled by construction, demolition, and aggregate 
mining companies. 


TABLE 2 
CONSTRUCTION SAND AND GRAVEL SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY GEOGRAPHIC DIVISION! 


ЕЕЕ леша ENERO 2012 
Quantity Quantity 
(thousand Percent Value Percent (thousand Percent Value Percent 
Region/division metric tons) of total (thousands) of total metric tons) of total (thousands) of total 
Northeast: 
New England. — 36,300 4.5 $317,000 ' 5.2 37,200 4.6 $316,000 5.1 
Middle Atlantic 54,900 6.8 480,000 ' 8.0 51,400 6.3 454,000 7.3 
Midwest: 
East North Central 125,000 15.5 " 776,000 ' 12.8 124,000 15.3 766,000 12.4 
West North Central 119,000 14.7 * 637,000 ' 10.5 132,000 16.3 780,000 12.6 
South: er 
South Atlantic 48,600 6.0 389,000 6.4" 49,300 6.0 409,000 6.6 
East South Central _ 34,500 4.3 ' 226,000 ' 3.7 33,300 4.1 225,000 3.6 
.. West South Central 120,000 14.8 ' 942,000 ' 15.6: 119,000 14.6 930,000 14.9 
West: m 
. Mountain 140,000 17.4" 3 1,010,000' 16.7 € 142,000 17.5 1,110,000 17.9 
Pacific 130,000 16.1" 1,270,000 21.1 123,000 15.1 1,210,000 19.5 
Total 808,000 100 6,050,000 ' 100 812,000 100 6,210,000 100 
"Revised. 


! Data are rounded to no more than three significant digits; may not add to totals shown. 
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TABLE 3 
CONSTRUCTION SAND AND GRAVEL SOLD OR USED BY PRODUCERS IN 
THE UNITED STATES, BY STATE! 


64.6 


2011 2012 
Quantity Quantity 
(thousand Value Unit (thousand Value Unit 
State metric tons) (thousands) value metric tons) (thousands) value 

Alabama 9,910 $53,600 $5.41 9,060 $54,500 $6.01 
Alaska 7,10 € 70,8007 9187 7,080 50,600 7.15 
Arizona 31,600* 267,000"  844' 34,100 301,000 8.83 
Arkansas 7,990 ' 68,2007 8.53 7,980 68,200 8.56 
California 80,600" 891,000" 11.05" 77,100 843,000 10.93 
Colorado 26,800" 198,000 7.39 € 27,700 209,000 7.53 
Connecticut 5,560 ' 54,200 ' 9.75" 5,280 49,600 9.39 
Delaware | 1,910 11,200 5.90 1,820 15,600 8.58 
Florida 12,000 104,000' 8.61" 13,700 111,000 8.10 
Georgia ___ 5,160 ' 30,3007 5.88 5,410 33,800 6.24 
Hawaii 962 15400 15.67 786 15,000 19.06 
Idaho 10,500 ' 64,000" 6.07" 10,000 73,800 7.38 
Illinois 18,800 121,000 6.44 16,700 113,000 6.79 
Indiana 18,800 111,000 5.88 18,500 107,000 5.81 
lowa 15,200" 102,000" 6.75 13,600 89,200 6.54 
Kansas 9,620 47,100 4.90 9,710 52,200 5.38 
Kentucky 6,810 ' 32,500" 477! 6,610 32,400 4.90 
Louisiana 21,4007 212,000" 9.94" 18,500 205,000 11.05 
Маіпе 8,120 ' 54,400" 6.69 8,500 62,700 7.37 
Maryland 6,980 83,100 11.89 7,130 90,700 11.75 
Massachusetts 9,270 ' 93,800" 10.13 9.470 88,200 9.31 
Michigan 32,100" 179,000" 5.57 31,600 173,000 5.48 
Minnesota 37,200" 182,000" 4.91 44,400 221,000 4.99 
Mississippi 11,700 ' 94,1007 8.07 11,500 90,500 7.88 
Missouri 9,340 ' 64,800" 6.93 9,310 62,500 6.71 
Montana 11,100 ' 86,4007 7.80 12,000 90,300 7.50 
Nebraska 13,000 ' 76,300" 5.86' 12,900 84,800 6.59 
Nevada 13,200 ' 81,400" 6.155 12,300 84,700 6.86 
New Hampshire 6,270 ' 54,4007 8.68: 6,760 48,600 7.20 
New Jersey 11,800 108,000 9.19 11,100 97,600 8.83 
New Mexico 9,410 ' 74,600" 7.92" 10,200 83,200 8.19 
New York 30,300 257,000 8.47 28,800 254,000 8.82 
North Carolina 8,250 ' 47,700" 5.78 7,220 42,900 5.94 
North Dakota 21,700" 116,000 5,37 ' 29,300 207,000 7.07 
Wu o 27,400 219,000 8.02 29,500 234,000 7.94 
Oklahoma 11,000 ' 68,000" 6.17 11,800 73,200 6.22 
Oregon 11,300 ' 86,900" 7.66' 10,400 89,500 8.63 
Pennsylvania 12,8007 115,000" 8.96 11,600 103,000 8.87 
Rhode Island ——— 2,010 26,000 12.92 2,500 28,400 11.34 
“South Carolina 7,070 31,400 4.43 6,380 36,300 5.68 
South Dakota 12,700 47,800 3.78 13,100 63,100 4.81 
Tennessee 6,100 45,600 7.47 6,110 47,500 77 
Texas 79.200" 593,000" 7.49' 80,800 584,000 7.23 
Utah 25,3007 149,000 5.90 ' 23,800 172,000 7.22 
Vermont 5,070 ' 33,800 ' 6.67 4.700 38,400 8.17 
Virginia 6,680 ' 77,500 11.61 6,470 73,700 n r 
Washington 29,600" 211,000" 7.13' 28,100 214,000 go 
West Virginia — 534 4,470 8.36 578 4,890 ne 
"Wisconsin — 27,900" 147,000" 526 27,500 138,000 d» 
Wyoming .12,500' 89,800" 7.20 11,800 — жит 

Total or average 808,000 " 6,050,000 " 7.49' 812,000 _6,210,000 1 7 
"Revised. 


!Data are rounded to no more than three significant digits, е 
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TABLE 4 
CONSTRUCTION SAND AND GRAVEL SOLD OR USED IN THE UNITED STATES IN 2012, 


BY MAJOR USE! 
Quantity 
(thousand 
Use metric tons) 
Concrete aggregates (including concrete sand) 131,000 
Plaster and gunite sands 3,550 
Concrete products (blocks, bricks, pipe, decorative, etc.) 2,530 
Asphaltic concrete aggregates and other bituminous mixtures 37,200 
Road base and coverings 81,500 
Road stabilization, cement 2,500 
Road stabilization, lime 597 
ЕШ 36,800 
Snow and ice control 3,320 
Railroad ballast 766 
Roofing granules 76 
Filtration 736 
Golf course maintenance sand 763 
Other miscellaneous uses 8,700 
Unspecified:? 
Actual 167,000 
Estimated 335,000 
Total or average 812,000 


? Reported and estimated production without a breakdown by end use. 
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Value 


(thousands) 
$1,050,000 


37,200 
20,400 
326,000 
570,000 
14,900 
4,430 
182,000 
23,400 
8,670 
879 
9,240 
7,180 
84,100 


1,330,000 
2,540,000 
6,210,000 
Data аге rounded to no more than three significant digits, except unit value; may not add to totals shown. 


Unit 

value 
$7.98 
10.49 
8.05 
8.76 
6.98 
5.98 
7.41 
4.93 
7.06 
11.32 
11.57 
12.56 
9.41 
9.66 


8.00 
7.58 
7.65 
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TABLE 5 
CONSTRUCTION SAND AND GRAVEL SOLD OR USED BY PRODUCERS IN THE UNITED STATES IN 2012, BY GEOGRAPHIC 
DIVISION AND MAJOR USE' 


(Thousand metric tons and thousand dollars) 


Concrete products Asphaltic concrete 
Concrete aggregates Plaster and (blocks, bricks, pipe aggregates and other Road base and 
(including concrete sand) gunite sands decorative, etc.) bituminous mixtures coverings” 


Region/division Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 
Northeast: 


New England 3,130 29,100 96 1,350 191 1,380 1,890 18,500 4,130 34,900 
Middle Atlantic 7,470 72,500 337 3,180 259 2,500 2,200 18,200 4,260 34,800 
Midwest: 
East North Central 19,100 106,000 156 894 316 2,370 6,810 47,300 12,300 75,600 
West North Central 15,000 95,000 338 1,990 358 2,870 7,370 42,100 25,000 136,000 
South: 
South Atlantic 16,200 151,000 262 2,220 609 4,910 1,470 10,100 495 3,590 
East South Central 10,500 65,800 125 651 468 2,930 1,750 14,100 1,200 8,540 
West South Central 27,300 200,000 460 3,810 24 352 1,580 13,600 4,220 44,500 
West: 
Mountain 12,200 115,000 256 3,370 164 1,000 5,780 57,400 20,800 149,000 
Pacific 20,300 213,000 1,520 19,800 143 2,080 8,380 105,000 12,300 102,000 
Тога! 131,000 1,050,000 3,550 37,200 2,530 20,400 37,200 326,000 84,600 589,000 
Fill Snow and ice control Railroad ballast Other uses? ______Тоа ___ 
Оџапшу Value Quantity Value Quantity Value Quantity Value Quantity Value 
Northeast: 
New England 1,740 8,190 639 5,180 44 473 25,400 217,000 37,200 316,000 
Middle Atlantic 2,020 11,500 1,180 8,080 11 99 33,700 303,000 51,400 454,000 
Midwest: 
East North Central 8,220 36,500 860 4,230 33 281 76,000 493,000 124,000 766,000 
West North Central 5,170 18,500 224 1,420 12 172 78,800 482,000 132,000 780,000 
South: 
South Atlantic 4,710 17,300 34 255 5 47 25,500 219,000 49,300 409,000 | 
East South Central 934 3,790 3 42 нЕ — 18,300 129,000 33,300 225,000 
West: 
Mountain 4,340 21,700 271 3,330 226 2,130 97,900 761000 142,000 1,110,000 
Pacific . 6180 48400 — 99 77 44 480 74100 717,000 123,000 ло | 
--Zero. 


ага are rounded to no more than three significant digits; may not add to totals shown. 
?Includes road and other stabilization (cement and lime). 
?Includes reported and estimated production without a breakdown by end use. 
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TABLE 6A 
CONSTRUCTION SAND AND GRAVEL PRODUCTION IN THE UNITED STATES 
IN 2012, BY SIZE OF OPERATION! 


Quantity 
Size range Number of Percent (thousand Percent 
(metric tons) operations of total metric tons) of total 

Less than 25,000 2,041 33 19,100 3 
25,000 to 49,999 1,016 15 33,400 4 
50,000 to 99,999 1,172 17 76,900 9 
100,000 to 199,999 — 1,065 16 138,000 17 
200,000 to 299,999 518 7 115,000 14 
300,000 (о 399,999 270 4 84,000 10 
400,000 to 499,999 163 3 66,000 8 
500,000 to 599,999 87 2 43,800 6 
600,000 to 699,999 78 1 45,800 5 
700,000 (о 799,999 48 0.7 32,300 4 
800,000 to 899,999 37 0.3 28,400 3 
900,000 to 999,999 27 0.2 23,200 2 
1,000,000 to 1,499,999 38 0.2 40,000 5 
1,500,000 to 1,999,999 24 0.3 37,600 5 
2,000,000 to 2,499,999 ]1 0.1 22,600 3 
2,500,000 and more 3 0.3 4,820 2 

Total 6,598 100 812,000 100 


!Data are rounded to no more than three significant digits. 
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TABLE 6B 
CONSTRUCTION SAND AND GRAVEL PRODUCTION IN THE UNITED STATES IN 2012, BY REGION AND SIZE OF OPERATION' 


Northeast Midwest 
Quantity Quantity 

Size range Number of Percent (thousand Percent Number of Percent (thousand Percent 

(metric tons) operations of total metric tons) of total operations of total metric tons) of total 
Less than 25,000 409 37.7 3,800 4.3 744 30.6 7,080 2.3 
25,000 to 49,999 200 18.4 6,480 7.3 370 15.2 12,300 4.8 
50,000 to 99,999 189 17.4 12,400 14 505 20.8 33,400 13 
100,000 to 199,999 148 13.6 19,300 21.7 419 17.2 53,900 21.1 
200,000 to 299,999 76 7 17,000 19.2 160 6.5 35,200 13.7 
300,000 to 399,999 р 27 2.5 8,280 9.3 98 4 30,400 11.9 
400,000 їо 499,999 16 1.5 6,480 7.3 52 2.1 20,800 8.1 
500,000 їо 599,999 7 0.6 3,630 4.1 23 0.9 11,400 4.4 
600,000 (о 699,999 5 0.5 2,840 3.2 18 0.7 10,600 4.1 
700,000 to 799,999 4 0.4 2,640 3 15 0.6 10,000 3.9 
800,000 to 899,999 2 0.2 1,500 13 10 0.4 7,640 3 
900,000 to 999,999 -- -- -- -- 6 0.2 5,160 2 
1,000,000 or more 3 0.3 4,220 4.8 15 0.5 18,300 7.1 
Total 1,086 100 88,600 100 2,434 100 256,000 100 

South West 
Quantity Quantity 

Size range Number of Percent (thousand Percent Number of Percent (thousand Percent 

(metric tons) operations of total metric tons) of total operations of total metric tons) of total 
Less than 25,000 212 20 2,080 1 676 33.5 6,130 23 
25,000 to 49,999 129 12.2 4,380 2.2 317 15.7 10,300 3.9 
50,000 to 99,999 165 15.6 10,700 5.3 313 15.5 20,400 Ty 
100,000 to 199,999 190 18 25,000 12.4 308 15.2 40,200 15.2 
200,000 to 299,999 126 11.9 28,000 13.9 157 7.8 35,100 132 
300,000 to 399,999 79 7.5 24,900 12.4 66 3.3 20,400 7.1 
400,000 to 499,999 44 4.2 17,900 8.9 51 25 20,800 7.8 
500,000 to 599,999 28 2.6 14,100 7 29 1.4 14,700 5.5 
600,000 to 699,999 27 2.6 16,200 8 28 1.4 16,300 6.1 
700,000 to 799,999 14 1.3 9,530 4.7 15 0.7 10,100 3.8 
800,000 to 899,999 8 0.8 6,270 3.1 17 0.8 13,000 4.9 
900,000 (о 999,999 11 1 9,460 47 10 0.5 8,610 32 
mae 5 13. 3490 — 164 __ з 15 149 ur 
Total 1,058 100 202,000 100 2.020 100 265,000 100 


--Zero. 
рака are rounded to no more than three significant digits. 
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ТАВГЕ 7 
CONSTRUCTION SAND AND GRAVEL SOLD OR USED BY PRODUCERS IN THE 
UNITED STATES IN 2012, BY GEOGRAPHIC DIVISION AND METHOD OF TRANSPORTATION’ 


(Thousand metric tons) 


Not Not 
Region/division Truck Rail Water Other transported specified Total 
Northeast: 
New England 7,550 -- -- 118 1,630 27,900 37,200 
Middle Atlantic 12,800 11 276 378 1,520 36,400 51,400 
Midwest: 
East North Central 32,000 33 3,170 210 5,050 83,400 124,000 
West North Central 35,400 29 660 56 7,760 88,400 132,000 
South: 
South Atlantic 16,300 23 33 10 862 32,100 49,300 
East South Central 7,730 102 2,900 1,550 529 20,500 33,300 
West South Central 24,000 476 an 26 3,140 91,300 119,000 
West: 
Mountain 29,800 -- -- 1,090 6,460 105,000 142,000 
Pacific 34,300 36 3,920 1,340 8,830 75,000 123,000 
Total 200,000 713 11,000 4,780 35,800 560,000 812,000 
-- Zero. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


TABLE 8 
NUMBER OF CONSTRUCTION SAND AND GRAVEL OPERATIONS AND PROCESSING PLANTS 
IN THE UNITED STATES IN 2012, BY GEOGRAPHIC DIVISION 


Mining operations on land 


Stationary No plants ог Dredging Total active 
Region/division Stationary Portable and portable unspecified — operations — operations 
Northeast: 
New England 267 203 48 22 — 540 
Middle Atlantic 243 202 43 36 22 546 
Midwest: 
East North Central 513 380 74 69 90 1,126 
West North Central 522 478 35 9] 182 1,308 
South: 
South Atlantic 147 63 12 49 67 338 
East South Central 106 27 7 11 45 196 
West South Central 294 91 17 36 86 524 
West: 
Mountain 551 602 69 74 11 1,307 
Pacific! 379 235 52 Z 31 16 713 
Тога] 3,022 2,281 357 419 519 6,598 
-- Zero. 


! An undetermined number of operations leased from the Bureau of Land Management in Alaska are counted 
as one operation. 
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ТАВГЕ 9 


NUMBER ОБ CONSTRUCTION SAND AND GRAVEL OPERATIONS AND PROCESSING PLANTS 
IN THE UNITED STATES IN 2012, BY STATE 


State 
Alabama 


Alaska! 
Arizona 


Arkansas 


California 
Colorado 


Connecticut 


Delaware 
Florida 
Georgia 
Hawaii 
Idaho 
Illinois 
Indiana 
Iowa 
Kansas 


Kentucky 


Louisiana 
Maine 
Maryland 


Massachusetts 
Michigan 


Minnesota 


Mississippi 


Missouri 
Montana 


Nebraska 


Nevada 

New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio 

Oklahoma ___ 
Oregon 


Pennsylvania 


Rhode Island 
South Carolina _ 
South Dakota 
Tennessee 


Texas 


Utah 
Vermont 
Virginia 
Washington 


West Virginia 


Wisconsin 


Wyoming 


Total 
-- Zero. 


Mining operations on land 


Stationary 
Stationary Portable апа portable 
33 6 2 
35 28 4 
78 81 14 
33 13 3 
198 85 25 
105 125 11 
35 19 14 
4 =. ES 
27 7 -- 
21 4 2 
13 7 -- 
43 83 3 
58 15 6 
71 32 12 
39 TI 4 
33 48 2 
6 3 2 
60 10 -— 
76 72 9 
23 3 3 
74 20 6 
126 141 30 
169 173 19 
48 14 T 
40 8 2 
95 T 10 
43 20 2 
51 31 9 
35 44 9 
28 8 3 
50 46 9 
163 162 31 
35 20 4 
140 69 4 
101 49 12 
29 11 - 
38 43 4 
52 32 9 
12 3 5 
13 13 1 
29 83 2 
19 4 3 
172 57 14 
82 87 12 
34 45 5 
21 15 2 
95 72 19 
4 | es 
155 143 14 
48 72 1 
3,022 2,281 357 


No plants or Dredging Total active 


unspecified operations operations 
7 13 61 
8 2 TI | 
3 -- 176 
1 2 52 
5 7 320 
17 5 263 
— -- 68 
3 4 11 
6 17 57 
-- 15 42 
-- -- 20 
12 3 144 
3 27 109 
1 12 128 
6 28 154 
9 36 128 
1 9 21 
15 36 121 
11 -- 168 
6 3 38 
-- -- 100 
20 16 333 
40 6 407 
3 12 77 
-- 28 78 
14 -- 196 
7 82 154 
5 -- 96 
2 — 90 
5 10 54 
6 1 112 
24 7 387 
20 12 91 
9 -- 222 
19 32 213 
4 34 78 
8 l 94 
4 5 105 
1 -- 21 
3 11 41 
20 2 166 
xs 11 37 
16 14 273 | 
4 ав 185 
g р 92 
11 5 54 
10 6 202 
= 52 5 | 
26 3 341 
13 2 136 
Ms. ree ED 


1 е 
An undetermined number of operations leased from ће Bureau of Land Management іп Alaska are | 
counted as one operation. | 
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TABLE 10 
RECYCLED ASPHALT CONCRETE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE! 


20117 2012 
Quantity Quantity 
(thousand Value Unit (thousand Value Unit 
_ . . State ________ гаештс(оп5) (thousands) — value — metric tons) (thousands) — value 
Alabama 254 $5,340 $21.01 296 $5,680 $19.20 
Alaska 71 1,220 17.30 69 1,180 17.15 
Arizona 116 1,060 9.11 125 2,010 16.11 
Arkansas 19 212 11.05 26 260 10.14 
California 2,020 15,500 7.65 1,880 15,400 8.20 
Colorado 349 2,320 6.66 352 2,330 6.61 
Connecticut 126 544 4.3] 543 3,650 6.71 
Delaware (3) 5 15.29 91 605 6.65 
Florida 224 2,660 11.90 211 2,350 11.13 
Georgia 286 4,630 16.21 241 4,110 17.08 
Hawaii = = = == ER са 
Idaho 76 521 6.84 30 207 6.78 
Illinois 1,080 7,190 6.65 1,500 9,560 6.37 
Indiana 122 981 8.04 123 2,020 16.41 
Iowa 28 289 10.14 85 917 10.79 
Kansas 722 3,790 5.25 604 2,250 3.73 
Kentucky 114 649 5.68 367 1,330 3.63 
Louisiana 85 597 7.03 129 1,250 9.68 
Maine 142 1,910 13.40 118 1,580 13.41 
Maryland 116 914 7.90 206 1,790 8.68 
Massachusetts 337 3,240 9.60 403 4,010 9.94 
Michigan 838 3,530 4.21 966 3,930 4.07 
Minnesota 769 7,130 9.27 1,190 9,070 7.64 
Mississippi 11 23 2.17 11 23 2.17 
Missouri 88 589 6.70 188 1,430 7.60 
Montana 71 736 10.40 39 456 11.82 
Nebraska 85 660 7.75 81 589 7.30 
Nevada 125 976 7.79 229 1,090 4.75 
New Hampshire 204 1,180 5.78 283 3,060 10.83 
New Jersey 43 257 5.92 194 1,450 7.50 
New Mexico 78 578 7.39 236 1,360 5.77 
New York 550 4,060 7.39 715 6,500 9.09 
North Carolina 1,030 7,470 7.28 1,100 8,370 7.59 
North Dakota 96 684 7.16 55 259 4.72 
Ohio 84 750 8.95 72 538 7.42 
Oklahoma 49 541 11.03 91 1,000 11.00 
Oregon 9] 667 7.31 79 561 7.15 
Pennsylvania 834 5,730 6.87 1,350 9,740 7.21 
Rhode Island 77 739 9.54 31 707 22.90 
South Carolina 241 3,370 13.96 214 3,300 15.38 
South Dakota 119 1,210 10.20 81 716 8.84 
Tennessee 132 1,700 12.83 139 1,780 12.85 
Texas | 208 2410 11.61 226 2,410 10.67 
Utah 132 1,270 9.60 670 5,370 8.02 
Vermont 44 573 13.15 98 1,080 10.97 
Virginia 389 4,000 10.29 276 2,480 9.01 
Washington 181 1,150 6.37 123 910 7.39 
West Virginia ОДИ 11 34 3.02 11 34 3.02 
Wisconsin 547 3,970 7.25 453 3,280 7.24 
"Wyoming |. 058. 239 та — à 36 2330 899 
-- Zero. 


!Data are rounded to no more than three significant digits, except unit value; may not add to totals shown. 
? Estimated quantities and values have been recalculated. 
3 [е5 than У unit. 
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TABLE 11 
OLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE! 


MEME. ALME EE 


State 

Alabama 
Alaska 
Arizona 
Arkansas 
California 
Colorado 
Connecticut 
Delaware 
Florida 
Georgia 
Hawaii 
Idaho 
Illinois 
Indiana 
Iowa 
Kansas 
Kentucky 
Louisiana 
Maine 
Maryland 
Massachusetts 
Michigan 
Minnesota 
Mississippi 
Missouri 
Montana 
Nebraska 
Nevada 
New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio 
Oklahoma 
Oregon 
Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas 
Utah 
Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 
Wyoming 

Total or average 


2011? 
Quantity 
(thousand Value 
metric tons) (thousands) 
(3) (3) 
112 562 
71 640 
1 7 
2,800 21,200 
426 2,980 
77 533 
1 13 
550 2,330 
117 986 
6 81 
18 120 
1,710 13,600 
180 1,400 
265 1,470 
317 2,330 
3l 519 
33 227 
323 3,110 
199 1,040 
1,040 7,200 
832 6,090 
62 413 
54 393 
25 120 
116 1,340 
50 300 
152 825 
157 1,140 
2 13 
179 1,740 
264 2,970 
32 327 
445 3,540 
84 1,030 
59 452 
350 1,750 
15 139 
245 3,510 
79 667 
30 157 
275 2,280 
162 1,360 
21 115 
876 7,490 
365 2,490 
589 3,050 
TOM (Шш m 
13,900 105,000 — 


Unit 
value 
$9.89 
5.02 
8.99 
7.72 
7.58 
7.00 
6.94 
10.99 
4.23 
8.42 
13.55 
6.61 
7.93 
7.19 
5.53 
7.33 
16.50 
6.90 
9.63 
5.23 
6.93 
7.31 
6.72 
7.24 
4.84 
11.53 
6.03 
5.42 
7.30 
771 
9.71 
11.25 
10.21 
7.96 
12.27 
7.67 
5.00 
9.25 
14.34 
8.42 
5.28 
8.28 
8.37 
5.38 
8.55 
6.81 
5.18 
6.06 


2012 


а a N Е =з 
Quantity 


(thousand 
metric tons) 


553 
46 


Value 

(thousands) 
395 
596 
8 
15,900 
3,370 
603 
313 
1,640 
906 
51 
1 
10,300 
1,150 
1,460 
2,360 
597 
144 
2,950 
1,270 
6,160 
3,450 
417 
118 
110 
952 
178 
852 
3,180 
12 
1,280 
2,370 
320 
2,930 
2,810 
428 
1,640 
121 
2,430 
1,680 
250 
11,100 
4,550 
48 
5,220 
1,710 
3,000 
358 


Unit 
value 
16.54 
8.68 
6.94 
7.43 
6.68 
8.16 
4.52 
3.46 
7.83 
14.31 
12.09 
7.07 
8.79 
7.37 
8.58 
16.96 
6.21 
9.59 
6.66 
6.41 
7.23 
6.75 
5.88 
8.12 
10.81 
6.01 
5.37 
8.51 
6.64 
8.26 
10.90 
6.37 
7.40 
9.13 
7.59 
5.02 
8.92 
13.09 
10.03 
6.36 
7.75 | 
9,32 
5.39 
8.55 
5.99 
5.42 
7.80 
7.41 


-- Zero. 


| 5 * * а 
Data are rounded to no more than three significant digits, except unit value; may not add to totals shown. 


Estimated quantities and values have been recalculated. 


?Less than У unit. 
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ТАВГЕ 12 
U.S. EXPORTS OF CONSTRUCTION SAND AND GRAVEL IN 2012, ВУ COUNTRY’ 


(Thousand metric tons and thousand dollars) 


. .. Countryortemitoy Quantity _ fas; Quantity {аз — 


North America: 
Bahamas, The 
British Virgin Islands 
Canada 
Mexico 
St. Lucia 
Trinidad and Tobago 
Other 

Total 

South America: 
Argentina 
Brazil 
Venezuela 
Other 

Total 

Europe: 

Denmark 
Germany 
Ireland 
Netherlands 
United Kingdom 
Other 

Total 

Asia: 

China 
Japan 
Korea, Republic of 
Other 

Total 

Oceania 

Middle East 

Africa 
Grand total 

— Zero. 


Sand 


Quantity 


(3) 
197 


Value, 
fas 


439 
46 
6,450 
4,010 
79 

115 
480 
11,600 


62 
19,600 


Gravel 


Quantity 


Value, 
fa.s.? 


16 
12 
5,930 


! Data are rounded to no more than three significant digits; may not add to totals shown. 
?Free alongside ship. Value of material at U.S. port of export; based on transaction price, 


including all charges incurred in placing material alongside ship. 


Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 13 
U.S. IMPORTS FOR CONSUMPTION OF CONSTRUCTION SAND 
AND GRAVEL, BY COUNTRY! 


(Thousand metric tons and thousand dollars) 


2011 2012 

Value, Value, 

Country or territory Quantity c.i.f? Quantity c.f? 
Antigua and Barbuda 1 19 5 124 
Australia (3) 631 ge == 
Bahamas, The 98 1,630 4 149 
Canada 2,950 43,100 3,660 40,000 
China 14 2,880 7 2,500 
Colombia 13 181 26 81 
France 4 647 2 301 
Germany 2 876 4 928 
Mexico 306 7,510 326 4,910 
New Zealand 7 2,240 5 1,860 
Norway -- -- 43 4,700 
Peru 3 765 8 1,020 
Vietnam 28 2,230 -- -- 
Other 18 2,050 14 2,640 
Total 3,440 64,800 4,110 59,200 


-- Zero. 


Рав are rounded to no more than three significant digits; may not add to 
totals shown. 


Cost, insurance, and freight. Value of material at U.S. port of entry; based on 
purchase price and includes all charges (except U.S. import duties) in bringing 
material from foreign country to alongside carrier. 

*Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 14 
THE TOP 100 PRODUCERS OF CONSTRUCTION SAND AND GRAVEL IN THE UNITED STATES IN 2012! 


2012 2011 2012 2011 
Rank Rank Company Rank Rank Company 
1 1 Oldcastle Materials, Inc. 51 . 59 ER. Jahna Industries, Inc. 


2 4 CEMEX S.A.B. de C.V. 52 79 Mark Sand & Gravel Co. 
3 3 Vulcan Materials Co. 53 43 Southern Aggregates LLC 
4 2 Lehigh Hanson,Inc. 54 89 Quikrete Co. 
5 6 MDU Resources Group, Inc. SS 95 Alleyton Resource Corp. 
6 8 Martin Marietta Aggregates 56 100 Northern Improvement Co. 
7 7 Holcim Group/Aggregate Industries Management, Inc. 57 67 Southwest Rock Products, LLC 
8 12 Trinity Industries, Inc. S8 99 Crockett County Mining, LTD 
9 5 Bureau of Land Management 59 39 JMAC Resources, Inc. 
10 11 Mitsubishi Materials Corp. 60 78 Liberty Materials, Inc. 
11 9 Granite Construction, Inc. 61 53 Wright Materials, Inc. 
12 10 Lafarge North America Inc. 62 57 Watson Gravel, Inc. 
13 15 CalPortland Co. 63  — Colorado County Sand & Gravel Co. LLC 
14 16 Teichert 64 74 Hilltop Basic Resources, Inc. 
15 14 Fisher Industries 65 87 Seven Points Sand & Gravel, Inc. 
16 31 Ash Grove Cement Co. 66 56 The Heritage Group 
17 13 Colas, Inc. 67 — Megasand Enterprises, Inc. 
18 17 Clyde Cos., Inc. 68 66 McMurry Ready Mix Co. 
19 20 WM. D. Scepaniak Construction 69 — — Jobe Materials, L.P. 
20 18 Edw. C. Levy Co. 70 46 New Enterprise Stone & Lime Co., Inc. 
21 21 Mathy Construction Co. 71 83 Sundre Sand & Gravel, Inc. 
22 23 Texas Industries, Inc. 72  — Tri-City Paving, Inc. 
23 29 L.G. Everist, Inc. 73 | — S&S Aggregates Со. 
24 26 Miles Sand and Gravel Co. 74 — ЕМЕ Mining Inc. 
25 19 Fordyce Ltd. 75 | — Pinnacle Materials LLC 
26 25 Gila River Indian Community 76 47 Eucon Corp. 
27 22 Nugent Sand Co. 77 55 Tiller Corp. 
28 33 The Olen Corp. 78 | — Phoenix San-Man Inc. 
29 49 Chandler Aggregates, Inc. 79 — City Transfer, Inc. 
30 40 Aggregate Construction, Inc. 80 75 Miller Springs Materials, LLC 
3] 51 Strata Corp. 81 71 B.R. Amon & Sons, Inc. 
32 32 Dan Gernatt Gravel Products, Inc. 82 72 Simpson Construction Materials, LLC 
33 61 А. Lindberg & Sons Inc. 83 54 Irving Materials, Inc. 
34 28 В.Е. Janes Gravel Co. 84 — Fred Weber, Inc. 
35 36 US. Concrete, Inc. 85 58 NBR Sand LLC 
36 82 Chaney Enterprises L.P. 86 37 Standard Sand & Silica Co. 
37 30 All American Asphalt Co. 87 50 Mulzer Crushed Stone, Inc. 
38 48 Multisources Ltd. 88 — Superstition Crushing LLC 
39 34 FST Sand & Gravel, Inc. 89  — Rieth-Riley Construction Co., Inc. 
40 44 Dolese Bros. Co. 90 76 Capital Sand Со., Inc. 
41 27 Holliday Rock Co. 91  — Јигрепзеп Cos. 
42 41 Salt River Pima-Maricopa Indian Community 92  — Hunter Sand & Gravel LLC 
43 38 Amboy Aggregates 93 — Baldwin Sand & Gravel Co. 
44 69 Las Vegas Paving Corp. 94 — Lindy Paving, Inc. 
45 45 Central Specialties, Inc. 95 86 Nebco, Inc. 
46 35 Summit Materials, LLC 96 — МЕ. Tanner Mining, Inc. 
47 — Knopik Crushing, Inc. 97 85 Rasmussen Group, Inc. 
48  — Pine Bluff Materials LLC 98 — Hanson Custom Crushing, Inc. 
49 42 York Building Products Co. 99 97 Aggregate Resources, Inc. 
50 65 Memphis Stone & Gravel Со. 100 Eastern Colorado Aggregates _ 


— Not in the top 100 producers of construction sand and gravel in the United States in 2011. 
п descending order of tonnage produced. 
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SELENIUM AND TELLURIUM 


By Micheal W. George 


Domestic survey data and tables were prepared by Wanda G. Wooten, statistical assistant, and the world production tables 
were prepared by Glenn J. Wallace, international data coordinator. 


In 2012, the average U.S. dealers' price for commercial- 
grade selenium and the average European price for tellurium 
decreased from those of 2011. Estimated global consumption 
and production for both metals also decreased. One copper 
refinery in Texas reported domestic production of primary 
refined selenium and tellurium. Domestic production of 
selenium and tellurium was estimated to have decreased 
in 2012. 

Except for two mines in China that began mining tellurium 
as a principal product in 2010, selenium and tellurium were 
recovered as byproducts of nonferrous metal mining, principally 
from the anode slimes produced during the electrolytic refining 
of copper. Selenium and tellurium were also recovered as 
byproducts from gold, lead, nickel, platinum-group metals, and 
zinc mining. 

In a 2013 survey of 39 worldwide electrolytic copper refiners, 
37 and 35 plants, respectively, reported selenium and tellurium 
in their anode slimes. The selenium-containing slimes averaged 
8% selenium by weight, with a few containing as much as 20% 
selenium. Tellurium concentrations in tellurium-bearing slimes 
averaged 1% by weight (Moats and others, 2013). 

Selenium and tellurium can also be recovered economically 
from industrial scrap and chemical process residues. Obsolete 
and damaged photoreceptor drums from plain paper copy 
machines have been shipped by manufacturers to refineries for 
recovery of selenium and tellurium metal. With a shift to organic 
photoreceptors, the supply of obsolete selenium- and tellurium- 
bearing drums has declined in recent years and now appears to 
be nearly exhausted. 


Production 


ASARCO LLC's (Tucson, AZ) copper refinery in Amarillo, 
TX, was the only U.S. producer of refined selenium and 
tellurium. One copper refinery produced and exported 
semirefined material containing 90% selenium plus tellurium 
for toll-refining in Asia, and one U.S. refinery generated 
selenium- and tellurium-containing slimes that were exported 
for processing. Most of the selenium and tellurium contained in 
domestic anode slimes came from copper ores in Arizona and 
Utah. Domestic production of refined selenium and tellurium 
was estimated to have decreased in 2012 as compared to 
production in 2011. 

With the higher prices of tellurium that prevailed from 
2007 to 2011, tellurium was increasingly viewed as a valuable 
byproduct. This, and the rising price of gold, helped stimulate 
exploration for gold-telluride ores, including some early stage 
projects in the Western United States and Mexico. The decrease 
in global consumption and the decrease in the price of tellurium 
during 2012 have reduced interest in exploration for tellurium. 


SELENIUM AND TELLURIUM—2012 


Google 


Consumption 


Selenium.—1n 2012, world consumption of selenium was 
estimated to have been lower than that in 2011. The global 
distribution of consumption of selenium by application was 
estimated as metallurgy, 4096; glass manufacturing, 2596; 
agriculture, 10%; chemicals and pigments, 10%; electronics, 
10%; and other, 5%. 

The main metallurgical end use for selenium was for the 
production of electrolytic manganese in China, where selenium 
dioxide (SeO,) was substituted for sulfur dioxide to reduce the 
power required to operate electrolytic cells. In 2012, demand 
for selenium by electrolytic manganese producers in China 
decreased compared with that in 2011 owing to decreased 
consumption of manganese by steel producers. About 1.2 to 
2 kilograms of SeO, was used per metric ton of electrolytic 
manganese produced (Chao, 2012b). 

In other metallurgical applications, selenium was used with 
bismuth to substitute for lead as a free-machining agent in brass 
plumbing fixtures. The Safe Drinking Water Act Amendments 
of 1996 (Public Law 104—182) restrict the use of lead in any 
fixtures, fluxes, pipes, and solders used for the installation or 
repair of facilities that provide water for human consumption 
after August 1998. Metallurgical grade selenium was also used 
as an additive to cast iron, copper, lead, and steel alloys. In these 
applications, it improves machinability and casting and forming 
properties. 

In the glass industry, selenium was used to decolorize the 
green tint caused by iron impurities in container glass and other 
soda-lime silica glass. It was also used in art and other glass 
to produce a ruby red color and in architectural plate glass to 
reduce solar heat transmission through the glass. 

Selenium is a micronutrient essential to human and animal 
health and in areas with selenium-poor soils, selenium has been 
added to fertilizer and applied to acreage used to grow animal 
feed to increase selenium in the diet of animals and, in turn, the 
diet of the human population. This practice is more common 
outside the United States, especially in countries with selenium- 
poor soils. Selenium's antioxidant and curative properties have 
been alleged to have a positive effect in treating the following 
health problems: acquired immune deficiency syndrome 
(AIDS), Alzheimer's disease, arthritis, asthma, cancer, 
cardiovascular diseases, pancreatitis, reproductive problems, 
thyroid dysfunction, and viral infections. 

Cadmium sulfoselenide compounds were used as pigments 
in ceramics, glazes, paints, and plastics. Selenium pigments 
have good heat stability, react well to moisture, and are resistant 
to ultraviolet or chemical exposure. These pigments produce 
a wide range of red, orange, and maroon colors, but because 
of the relatively high cost and the toxicity of cadmium-based 
pigments, use of these pigments is limited to applications where 
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cost is not the prevailing factor and human contact is limited, 
such as art pieces. 

Selenium was also used in the production of thin-film 
photovoltaic (PV) cells. Three major types of thin-film PV 
cells were in commercial production—amorphous silicon and 
thin-silicon, cadmium telluride (CdTe), and copper indium 
gallium diselenide (CIGS). In 2012, conventional silicon- 
based cells remained the dominant PV technology and their 
PV market share increased to 89%. Production of thin-film PV 
cells decreased to about 1196 of the PV market in 2012 because 
the cost of producing conventional silicon-based solar cells 
plummeted. In 2012, CIGS solar cells were only 19% of the 
thin-film PV market, with Japan-based Solar Frontier KK the 
leading CIGS producer (Mehta, 2013). 

Tellurium.—World consumption of tellurium was estimated 
to have decreased in 2012 because of declining demand for solar 
cells and decreased demand for thermoelectrics in China. The 
estimated global distribution of consumption of tellurium by 
application was 40% in solar cells, 30% in thermoelectrics, 1576 
in metallurgy, 5% in rubber formulation, and 10% in other. 

As with selenium, tellurium used in solar cells was estimated 
to have decreased in 2012 because of the decreasing cost of 
conventional silicon-based cells. The trend toward reduced 
subsidies through government loans and tariffs continues to 
encourage the lower-cost technology. During 2012, many of 
the CdTe producers faced economic difficulties. Although First 
Solar Inc. (Phoenix, AZ), the global leader in CdTe production, 
with plants in Arizona and Ohio in the United States and in 
Germany and Malaysia, sold more solar cells in 2012 than in 
2011, the company closed its plant in Germany and canceled 
plans for new plants in France and Vietnam. In 2012, Abound 
Solar Inc. (Fort Collins, CO) with production facilities in 
Longmont, CO, filed for Chapter 11 bankruptcy protection. 
Other companies, including Solexant Corp. (San Jose, CA) and 
General Electric's CdTe plant in Colorado, halted research on 
CdTe solar technology. In 2012, CdTe solar cells made up about 
45% of the thin-film PV market (Cammell, 2012; First Solar 
Inc., 2013, p. 47; Mehta, 2013; Wesoff, 2013). =? 

Mercury-cadmium-telluride was used in thermal-imaging 
devices to convert the raw image into a crisp screen picture, for 
infrared sensors, and for heat-seeking missiles. Semiconducting 
bismuth telluride was used in thermoelectric cooling devices 
employed in electronics and consumer products. These devices 
consist of a series of semiconducting material couples which, 
when connected to a direct current, cause one side of the thermo 
element to cool and the other side to heat. Thermoelectric 
coolers were used in electronics and military applications, such 
as the cooling of infrared detectors, integrated circuits, laser 
diodes, and medical instrumentation. In China, these devices 
were used in refrigerators, water dispensers, and other home | 
appliances. The devices were also used in high-end automobiles 
to cool cup holders and seats. | m 

In metallurgy, tellurium was used in steel as a free-machining 
additive, in copper to improve machinability without reducing 
conductivity, in lead to improve resistance to vibration and 
fatigue, in cast iron to help control the depth of chill, and 
in malleable iron as a carbide stabilizer. Consumption in 
metallurgical applications continued to decline owing to 
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increasing tellurium price volatility, which encouraged many 
steel and nonferrous metals producers to reduce consumption 
and find substitutes for tellurium. 

Consumption in chemical, catalyst, and other uses continued 
to decline owing to increasing tellurium price volatility. 
Tellurium was used as a vulcanizing agent and as an accelerator 
in the processing of rubber and in catalysts for synthetic fiber 
production. Other applications included the use of tellurium in 


blasting caps and as a pigment to produce blue and brown colors 
in ceramics and glass. 


Prices 


The Platts Metals Week annual average New York dealer 
price for selenium was $54 per pound in 2012, 18% lower 
than the annual average price in 2011. The price range began 
the year at $65 to $70 per pound and slowly declined through 
mid-July when the price dropped sharply to a range of $40 
to $42 per pound by the beginning of August. The decline 
coincided with weak demand from Chinese manganese 
producers and a slowdown of China’s economy. The price 
remained at this level before increasing to a range of $42 to 
$48 per pound in October, where it remained for the rest of the 
year (Chao, 20124). 

The Metal-Pages published Rotterdam 99.99%-pure tellurium 
price averaged $150 per kilogram in 2012, a 57% decrease from 
the 2011 price. The price range at the beginning of the year was 
$220 to $300 per kilogram but, owing to decreased demand 
from solar cell and thermoelectric manufacturers, it steadily 
decreased until reaching a price range of $90 to $130 per 
kilogram on August 14. The price range increased through late 
October, reaching $140 to $160 per kilogram, coinciding with 


an increase in consumption by China’s thermoelectric producers. 


By yearend, however, the price range had declined to $105 to 
$130 per kilogram (Chao, 2012a, e, ђ. 


Foreign Trade 


Exports of selenium materials in 2012 decreased 29% (0 
952 metric tons (t) from exports in 2011. In descending order, 
the Republic of Korea, Hong Kong, Australia, China, Germany, 
Japan, Indonesia, and Mexico, accounted for 86% of о 
exports in 2012. The annual average value of exports in ^ 
was $20.67 per kilogram, 13% higher than the 2011 annua 
average (table 2). 

In 20 E nt of selenium unwrought metal, waste and 
scrap decreased by 25% to 440 t. Japan, China, ius dud "T 
Germany, Mexico, the Philippines, and Canada, їп e : 
order, accounted for 89% of the imports of selenium me s 
waste, and scrap into the United States in 2012. The У 
average value of imported selenium дк Wasi: d ЕЯ 
ѕсгар іп 2012 маѕ $111.79 рег kilogram, 6% lower 
$118.38 per kilogram in 2011 (table 3). 

There were only three countries that sup 
United States with SeO, in 2012, China, Gem 
in decreasing order, with China accounting fo ае 
of the imports. In 2012, imports of SeO, Ed TE 
1394 increase from 2011 imports. The annual а 


plied the 
лапу, and Japan, 
r more than 75% 
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of imports of SeO, was $96.49 per kilogram, a 59% increase 
compared with that of 2011. 

In 2012, tellurium exports increased to 47 t, a 2396 increase 
compared with exports in 2011. The main destinations were, in 
descending order, Hong Kong, China, the Philippines, Belgium, 
and Germany, all of which accounted for 94% of total tellurium 
exports. The average value of exports of tellurium in 2012 was 
$124.35 per kilogram, which was 33% less than the 2011 value 
(table 4). 

Imports of unwrought tellurium and tellurium waste and scrap 
decreased by almost one-half in 2012 compared with imports in 
2011. The leading suppliers, in descending order, Canada, the 
Philippines, and China, accounted for 95% of the total imports 
of tellurium metal into the United States. The average value of 
imports in 2012 was $242.26 per kilogram of tellurium, which 
was 31% higher than that in 2011 (table 5). 


World Review 


Global selenium and tellurium output cannot be determined 
easily because not all companies or countries report production 
and because trade in scrap and semirefined products may be 
included with refined metal trade data. 

In 2012, based on available data from a few countries, refinery 
production of selenium decreased slightly to 2,240 t (table 6). 
Based on global copper refinery data (Moats and others, 2007, 
p. 202—241; 2013), the U.S. Geological Survey estimated 
that world production in 2012 was about 2,700 to 3,000 t of 
selenium and 550 to 600 t of tellurium. Some analysts thought 
that tellurium production in 2012 was 20% to 30% lower than 
production in 2011, due to the decreasing price and weak 
demand (Chao, 20122). 

China.—In 2012, China was the leading consumer 
of selenium, accounting for about 40% to 50% of world 
consumption. Despite being a significant producer of selenium, 
China depends on imports for most of its selenium needs and 
imported 1,610 t of selenium products in 2012, a 3% increase 
compared with 2011 imports. About 75% of China’s selenium 
consumption was used in the production of manganese (Chao, 
2012c, 2013). 

In 2012, China’s production of 99.9994 minimum tellurium 
was about 175 t, a 44% decrease from the 3151 produced in 
2011. About 50% of China's tellurium consumption was used in 
thermoelectric production and 40% was used in the production 
of CdTe solar cells (Chao, 2012f, g). 

Jinwang Bismuth opened a new plant in Chenzhou in 2012. 
The new $79 million plant has a capacity of 4,000 metric tons 
per year (t/yr) of high-grade bismuth, 260 t/yr of silver, 200 t/yr 
of tellurium, and 10 t/yr of gold (Chao, 2012a). 

Russia.—Ural Mining and Metallurgical Co. (UUMC) 
(Verkhnyaya Pyshma) announced plans to expand production 
at its Uralelektromed plant from 30 to 40 t/yr by mid-201 3: 

The expansion was estimated to cost $3.02 million 
(105 million rubles) (Ural Mining and Metallurgical Co., 2013). 

Sweden. —The Boliden Group's Kankberg gold and tellurium 
mine started up in March 2012. The underground mine had 
mineral reserves of 3.58 million metric tons, with a gold grade 
of 3.8 grams per metric ton (g/t) and a tellurium grade of 
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177 g/t. The mine expected to produce 1.15 t/yr of gold and 
41 t/yr of tellurium through 2020 (Boliden Group, 2013, p. 43). 


Outlook 


The supply of selenium and tellurium is directly affected 
by the production of the principal product from which it is 
derived—copper—and to a lesser extent, by the production of 
gold, lead, nickel, or zinc produced from sulfide ores. Increased 
recovery rates at copper refineries could increase selenium 
and tellurium supply, and longer term investments in gold- 
telluride deposits and other sources of tellurium could boost the 
global rate of growth for tellurium production above the rate of 
growth in copper concentrate production. Although increased 
environmental regulation and prices have encouraged the 
recycling of electronic scrap, recovery of selenium and tellurium 
has been declining during the past several years owing to the 
reduction in available scrapped selenium- and tellurium-based 
copier drums. However, many high-grade tellurium producers 
and users were recovering much of the manufacturing scrap 
from the production of consumable goods. Also, solar-cell 
recycling plants have been built in the United States and around 
the world and they could capture selenium and tellurium from 
CIGS and CdTe cells. 

Demand from China for selenium was expected to increase 
owing to the cancellation of the 2076 export duty on electrolytic 
manganese in 2013 (Chao, 2013). In 2013, the selenium 
consumption from solar manufacture was expected to remain 
about the same as that in 2012. However, global demand for 
selenium from glass manufacturing was expected to decline 
in 2013. 

In 2013, tellurium consumption was expected to decrease, 
chiefly owing to decreased electronics and solar-cell production. 
Consumption for metallurgical alloying and chemicals was 
expected to decrease, assuming the price of tellurium continues 
to remain volatile; producers of low-value products were 
expected to find substitutes. 
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TABLE 1 
SALIENT SELENIUM AND TELLURIUM STATISTICS' 


(Kilograms, contained metal, unless otherwise specified) 


а ——————— 


2011 ED 


ee rc Son = 
Selenium: 
United States: 
Production, primary refined 


Exports 0 0 


Imports for consumption 
ИЕ с 


5 2 
Dealers’ price, average, commercial grade, dollars per pound. 


World, refinery production 


Tellurium, United States: 


Production, primary refined 
Exports 
Imports for consumption 


2008 2009 2010 
Am W W W W W 
545,000 ' 613,000 ' 357.000" 1,350,000" 952000 
== Pe oe = 519,000 263,000 480,000 601,000 454,000 _ 
pot 32.29 23.07 3783 6635 МЕ: г 
260.000" 2,120000: 2,180,000" 2,280,000" 2200 
= CN NEUE НЕ 
| 50,000 8,700 | 59,000 M LLL 
102,000 84,000 41,600 70,800 s 
210.58" 157.50" 221.25 TET 


— 


Price, commercial grade," dollars per kilogram 
. Price, commercia’ Бе — 


*Estimated. "Revised. W Withheld to avoid disclosing company proprietary data. 


!Data are rounded to no more than three significant digits, except prices. 
2% ource: Platts Metals Week. 


4 
i i ini j i % tellurium. On September 14, 
For 2008, annual average yearend price published by Mining Journal for United Kingdom lump and abe ol ae 
was discontinued. For 2009, the price was the average December 31 price published by Metal-Pages.com tor WH , 


2009, this price 


212 
99.99% tellurium. The 2010-12 


ргісе маѕ 99.99% tellurium IWH Rotterdam annual average price as reported by Metal-Pages.com. 
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TABLE 2 
U.S. EXPORTS OF SELENIUM! 


2011 2012 
Quantity Quantity 
(kilograms, (kilograms, 

. County contained Se) Мае contained Se) _ Маше — 
Australia 131,000 $2,410,000 115,000 $3,400,000 
Belgium 18,800 ' 108,000 ' 24,000 371,000 
Bolivia 1,130 13,300 -- = 
Сапада 119,000 ' 3,340,000 " 24,400 685,000 
Chile 4,760 73,700 -- Е 
China 181,000 ' 2,800,000 ' 101,000 1,880,000 
Colombia 10,500 ' 140,000 ' 3,770 41,200 
Dominican Republic 397 ' 6,150 ' 1,340 20,800 
Есџадог 2,210 35,100 — — 
Егапсе 166 2,580 610 9,450 
Germany 159,000 2,870,000 93,400 2,570,000 
Hong Kong 168,000 3,400,000 130,000 3,160,000 
India 306 ' 4,750 € -- -- 
Indonesia 22,800 354,000 60,000 929,000 
Israel 979 15,200 -- -- 
Јарап 210,000 3,950,000 62,200 1,260,000 
Korea, Republic of 201,000 ' 3,530,000 ' 202,000 3,130,000 
Latvia -- -- 10,000 61,500 
Malaysia 2,310 35,900 -- -- 
Mexico 45,600 ' 707,000 ' 53,700 832,000 
Netherlands 136 3,240 -- -- 
Panama 2,610 40,500 2,270 35,200 
Peru 3,360 51,500 12,700 196,000 
Philippines -- -- 20,000 571,000 
Singapore 19,200 152,000 1,810 22,700 
South Africa 8,470 ' 110,000 * 5,640 56,100 
Sweden 94 7,330 53 4,070 
Taiwan 5,640 87,400 22,200 345,000 
Thailand -- -- 1,330 34,400 
United Kingdom 5,960 92,400 -- -- 
Venezuela 21,000 327,000 4,590 71,100 
Vietnam 1,910 29,700 -- -- 

Тота! 1,350,000" — 24,700,000 " 952,000 19,700,000 


'Revised. -- Zero. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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ТАВГЕ 3 
U.S. IMPORTS FOR CONSUMPTION OF SELENIUM! 


2011 
Quantity Quantity 
(kilograms, (kilograms, 
Class and country contained Se) Value contained Se) 
Selenium: 
Australia 4,000 $209,000 3,990 
Belgium 105,000 14,600,000 63,700 
Canada 47,500 5,170,000 34,200 
China 86,000 12,200,000 69,800 
Germany 54,700 7,100,000 48,100 
India 5 7,250 -- 
Italy 5,000 835,000 -- 
Јарап 118,000 10,300,000 90,400 
Korea, Republic of 2,500 264,000 22,000 
Mexico 45,700 5,330,000 47,800 
Norway 31,300 1,100,000 -- 
Papua New Guinea 64 8,550 -~ 
Peru 4,370 343,000 -- 
Philippines 67,500 9,680,000 39,700 
United Kingdom 17,000 2,500,000 20,300 
Total 589,000 69,700,000 440,000 
Selenium dioxide: 
China 10,100 542,000 10,800 
Germany 978 141,000 1,680 
Japan 1,480 75,000 1,630 
Total 12,500 758,000 14,200 
Grand total 601,000 70,400,000 454,000 
— Zero. 


'Data are rounded to по more than three significant digits; may not add to totals shown. 


?Selenium content calculated as 7196 of gross weight of material. 


Source: U.S. Census Bureau. 


Value 


$27,900 
8,240,000 
3,030,000 
9,120,000 
5,920,000 


9,560,000 
1,290,000 
5,470,000 


5,420,000 
1,110,000 


49,200,000 


1,040,000 
206,000 
115,000 


1,370,000 


50,600,000 
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ТАВГЕ 4 
U.S. EXPORTS OF TELLURIUM! 


2011 2012 
Quantity Quantity 
(kilograms, (kilograms, 
contained Te) Value contained Te) Value 
Australia - -- 754 $459,000 
Austria 3 $3,670 -- -- 
Bangladesh 140 11,000 — -- 
Belgium 4,320 684,000 2,420 318,000 
Brazil 191 55,300 442 64,000 
Canada 3,300 1,320,000 948 201,000 
China 24,800 3,610,000 3,970 480,000 
Costa Rica 794 53,000 180 27,000 
Denmark -- -- 12 5,530 
France 24 33,700 25 34,600 
Germany 2,240 1,070,000 1,540 421,000 
Hong Kong 1,610 124,000 33,700 3,650,000 
India mE = = 20 13,300 
Јарап 46 11,400 -- -- 
Јогдап -- -- 40 6,000 
Korea, Republic of 20 21,800 21 27,300 
Philippines 911 169,000 2,960 118,000 
Taiwan 166 45,200 336 66,600 
United Kingdom -- -- 30 8,730 
Тога! 38,600 7,210,000 47,400 5,900,000 
-- Zero. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
Source: U.S. Census Bureau. 
TABLE 5 
U.S. IMPORTS FOR CONSUMPTION OF TELLURIUM! 
m 2011 m 2012 
Quantity Quantity 
(kilograms, (kilograms, 
Country contained Te) Value contained Te) Value 
Belgium Е 3,080 $765,000 1,200 $287,000 
Canada __ 46,400 4,830,000 22,000 4,370,000 
Chile ers 888 345,000 -- -- 
China e 10,700 3,930,000 5,760 1,950,000 
France ~- -- 25 34,400 
Сегтапу : 6 7,290 19 16,500 
Нопр Копр КНИГ 80 30,800 -- € 
Japan MEN 60 119,000 9 18,100 
Malaysia s mE -- -- 100 4,640 
Philippines 8,380 2,630,000 6,480 1,970,000 
Ukraine mu 273 35,100 -- = 
United Kingdom 980 367,000 500 96,000 
Total 70,800 13,100,000 36400 —— 8,740,000 


-- Zero. 


jd ica 
Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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ТАВТЕ 6 
SELENIUM: WORLD REFINERY PRODUCTION, BY COUNTRY? 


(Kilograms, contained selenium) 


Belgium" 200,000 200,000 200,000 200,000 200,000 
Canada‘ 191,000 ' 131,000 ' 97,000 128,000 ' 144,000 ^* 
Chile”? 78,000 90,000 90,000 90,000 70,000 
Finland 64,730 59,040 ' 73,130 ' 85,663 ' 92,769 
Germany? É 650,000 600,000 ' 650,000 700,000 € 650,000 
India®’ 14,000 15,000 15,000 16,000 16,000 
Japan 754,000 ' 709,000 ' 750,000 ' 750,000 ^* 755,000 ° 
Peru 60,000 * 61,000 59,000 54,000 ' 50,000 * 
Poland 82,000 73,000 79,000 80,000 * 80,000 * 
Russa? 130,000 140,000 140,000 140,000 ' 145,000 
Serbia 16,827 19,075 10,592 12,947 ' 13,200 * 
Sweden' 20,000 20,000 20,000 20,000 20,000 
United States W W W W W 
Тома ооо 2260000  2,120,000' 2,180,000" 2,280,000" 2,240,000 


*Estimated. "Preliminary. "Revised. W Withheld to avoid disclosing company proprietary data; not included in total. 

World totals and estimated data have been rounded to no more than three significant digits; may not add to totals shown. 

"Insofar as possible, data relate to refinery output only; thus, countries that produced selenium contained in copper ores, copper concentrates, blister 
copper, and (or) refinery residues but did not recover refined selenium from these materials indigenously were excluded to avoid double counting. 
Includes data available through July 24, 2013. 

3 п addition to the countries listed, Australia, China, Iran, Kazakhstan, Mexico, the Philippines, and Uzbekistan produced refined selenium, but output 
is not reported; available information is inadequate for formulation of reliable estimates of output levels. Australia is known to produce selenium in 
intermediate metallurgical products and has facilities to produce elemental selenium. In addition to having facilities for processing imported anode 
slimes for the recovery of selenium and precious metals, the United States has facilities for processing selenium scrap. 

^Excludes selenium intermediates exported for refining. 

5In 2012, the noble metals plant at Ventanas faced protests against its emissions, and had to temporarily stop production for limited periods of time 
during the final quarter of 2012, and planned to continue to limit production during the first quarter of 2013. | 
1n 2011, RETORTE GmbH substantially increased its production capacity for high-purity selenium, but actual production appeared to decrease in 
2012 (in response to decreased demand). 

"Data are for India's fiscal year beginning April 1 of year stated. 


TABLE 7 
TELLURIUM: ESTIMATED WORLD REFINERY PRODUCTION, BY COUNTRY '?? 
(Kilograms, contained tellurium) | 
| 
ае | 
2 Country | 2008 2009 2010 2011 2000 _ 
пре АЯ 20,000" 16,000 8,000 9,000 ' 110007 
ng dee messer 46,500 49,200 47,000 — 40000 A 14500. 
Du 28,000 $ ДОЙ. мм _ ме с, т.с 
Russia 34,000 34,000 . 34,000 34,000 3500 
Russia W W == 
United States W ME Pope NENNEN 


PPreliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data. -- Zero. 

Estimated data are rounded to no more than three significant digits. | 
2 i through July 24, 2013. 

Includes data available | | PU 
3Insofar as possible, data relate to refinery output only; thus, countries that produced tellurium contained in dpi Е 
concentrates, blister copper, and (or) refinery residues but did not recover refined tellurium were excluded to avoid dou 
counting. Table is not totaled because of exclusion of data from major world producers. 


j ilippi den are known [0 
i i j i any, Kazakhstan, Mexico, the Philippines, Poland, and Swe 
Süd deed e ш. dequate for formulation of reliable estimates of 


copper 


4 + 
Australia | ERO, 
produce refined tellurium, but output is not reported; available information is ina 


output levels. | 
5Excludes tellurium intermediates exported for refining. 


SReported figure. 
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SILICA 


By Thomas P. Dolley 


Domestic survey data and tables were prepared by Annie Hwang, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


Four silica categories are covered in this report—industrial 
sand and gravel, quartz crystal (a form of crystalline silica), 
special silica stone products, and tripoli. Most of the stone 
covered in the special silica stone products section is novaculite. 
The section on tripoli includes other fine-grained, porous silica 
materials, such as rottenstone, that have similar properties and 
end uses. Certain silica and silicate materials, such as diatomite 
and pumice, are covered in other chapters of the U.S. Geological 
Survey (USGS) Minerals Yearbook, volume I, Metals and 
Minerals. Trade data in this report are from the U.S. Census 
Bureau. All percentages were computed using unrounded data. 


Industrial Sand and Gravel 


Total industrial sand and gravel production in the 
United States increased to 50.7 million metric tons (Mt) in 
2012 from 43.8 Mt in 2011 (table 1). Industrial sand production 
increased by 16%, and industrial gravel production declined 
slightly, compared with that of 2011. During the year, the value 
of production was $2.67 billion—a 34% increase from that of 
2011 and a record-high value for industrial sand and gravel 
production. As in the past several years, the most important 
driving force in the industrial sand and gravel industry 
remained the production and sale of hydraulic fracturing sand 
(frac sand). Estimated world production of industrial sand and 
gravel in 2012 was 139 Mt, a 5% increase compared with 2011 
production (table 10). 

Industrial sand and gravel, often called “silica,” “silica 
sand," and “quartz sand,” includes sands and gravels with 
high silicon dioxide (SiO,) content. Some examples of end 
uses for these sands and gravels are in abrasives, filtration, 
foundry, glassmaking, hydraulic fracturing, and silicon metal 
applications. The specifications for each use differ, but silica 
resources for most uses are abundant. In almost all cases, silica 
mining uses open pit or dredging methods with standard mining 
equipment. Except for temporarily disturbing the immediate 
area while operations are active, sand and gravel mining usually 
has limited environmental impact. 

The production increase for silica sand in 2012, as reported 
to the USGS from a voluntary survey by U.S. producers, was 
largely attributable to increasing demand for frac sand, which 
resulted in production capacity increases and the opening of new 
frac sand operations in the United States. Increased demand was 
noted for uses such as ceramics, chemicals, container glass, flat 
glass, hydraulic fracturing, other ground silica, roofing granules 
and fillers, specialty glass, and whole grain silica. Production of 
silica sand for the remaining end uses in 2012 either remained 
static or declined compared with that of 2011. With the 


exception of filtration, demand for silica gravel decreased for all 
end uses. 
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The consumption of frac sand has increased greatly as 
hydrocarbon exploration in the United States has shifted to 
natural gas and petroleum trapped in shale deposits. It has been 
estimated that by 2018, hydraulic fracturing could be used 
to produce 23% of petroleum and 57% of natural gas in the 
United States (Industrial Minerals, 2012). 

Legislation and Government Programs.—One of the most 
important issues affecting the industrial minerals industry in 
recent years has been the potential effect of crystalline silica 
on human health. The understanding of the regulations, the 
implementation of the measurements and actions taken to 
mitigate exposure to crystalline silica, and the appreciation of 
the impact of such exposure on the future of many industries 
remained central to an ongoing and often heated debate 
(Industrial Minerals, 1998). The Occupational Safety and 
Health Administration (OSHA) created a permissible exposure 
limit that stipulated the maximum amount of crystalline 
silica to which workers may be safely exposed during an 
8-hour work shift (29 CFR §§1926.55 and 1910.1000). 
OSHA also established guidelines and training for the proper 
handling of crystalline silica (Occupational Safety and Health 
Administration, 2002). 

On June 21, 2012, OSHA and the National Institute for 
Occupational Safety and Health (NIOSH) issued a hazard 
alert instructing employers in hydraulic fracturing operations 
to take appropriate steps to protect workers from silica 
exposure. The hazard alert followed a cooperative study by 
NIOSH and industry partners that identified overexposure 
to silica as a health hazard to workers conducting hydraulic 
fracturing operations (Occupational Safety and Health 
Administration, 2012). 

Production.—Domestic production data for industrial sand 
and gravel were developed by the USGS from a voluntary 
survey of U.S. producers. The USGS canvassed 120 producers 
with 177 operations known to produce industrial sand and 
gravel. Of the 177 surveyed operations, 173 (9896) were 
active, and 4 were idle. The USGS received responses from 
77 operations, and their combined production represented 
75% of the U.S. total. Production for the 100 nonrespondents 
was estimated, primarily on the basis of previously reported 
information, supplemented with worker-hour reports from 
the Mine Safety and Health Administration (MSHA) and 
information from State agencies. 

The Midwest (East North Central and West North Central 
divisions) led the Nation with 56% of the 50.7 Mt of industrial 
sand and gravel produced in the United States, followed by 
the South (South Atlantic, East South Central, and West South 
Central divisions) with 36%, the West (Pacific and Mountain 
divisions) with 5%, and the Northeast (New England and 
Middle Atlantic) with 396 (table 2). 
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The leading producing States were, in descending order, 
Wisconsin, Illinois, Texas, Minnesota, Oklahoma, Arkansas, 
Michigan, Missouri, North Carolina, and Ohio (table 3). Their 
combined production accounted for 7896 of the national total. 
States for which data were withheld in table 3 were not included 
among the leading producers. 

Of the total industrial sand and gravel produced, 89% was 
produced at 76 operations, each with production of 200,000 
metric tons per year (t/yr) or more (table 4). The 10 leading 
producers of industrial sand and gravel were, in descending 
order, Unimin Corp.; U.S. Silica Holdings, Inc.; Fairmount 
Minerals, Ltd.; Proppant Specialists, LLC; Premier Silica LLC; 
Badger Mining Corp.; Preferred Sands; Pattison Sand Co., LLC; 
Cadre Material Products, LLC; and Hi-Crush Partners LP. Their 
combined production represented 6996 of the U.S. total. 

On August 16, 2012, Hi-Crush Partners LP, a frac sand 
producer, filed an initial public offering with the U.S. Securities 
and Exchange Commission (Hi-Crush Partners LP, 2012). 
During the year, U.S. Silica Co. opened nine frac sand transload 
facilities (Hughes, 2012). In 2012, Fairmount Minerals Ltd. 
began boosting frac sand production at its Illinois operation to 
2.5 million metric tons per year (Mt/yr) and at its Wisconsin 
operation to 1 Mt/yr (Ollett, 2012). 

Consumption.—Industrial sand and gravel production 
reported by producers to the USGS was material used by the 
producing companies or sold to their customers. Stockpiled 
material is not reported until consumed or sold. Of the 50.7 Mt 
of industrial sand and gravel sold or used, 62% was consumed 
as frac sand and sand for well packing and cementing and 16% 
as glassmaking sand (table 6). Foundry uses accounted for 9% 
of industrial sand and gravel consumption. Other leading uses 
were whole grain fillers and building products (3%), chemicals 
(296), and other whole grain silica (276). Abrasives, ceramics, 
fillers, filtration, metallurgical flux, other ground silica, | 
recreational sand, roofing granules, silica gravel, and traction 
sand accounted for about 6% of industrial sand and gravel 
end uses. | 

Minable deposits of industrial sand and gravel occur 
throughout the United States, and mining companies are 


located near markets that have traditionally been in the 


Eastern United States. In some cases, consuming industries are 


i j ted near a silica resource. For example, the 
yc Мак was originally located in the Midwest near 
clay, coal, iron, and silica resources. Therefore, foundry sands 
have been widely produced in Illinois, Indiana, Michigan, Ohio, 
and other Midwestern States. In 2012, 83% of foundry sand was 
i idwest. 

к St. Peter Sandstone in the Midwest is a 

vi source of silica sand for many end uses, including 
a d. Mined in five States, frac sand from the St. Peter 
en ions is within reasonable transport distance to numerous 
е round shale formations producing natural gas. In 2012, 
wes js frac sand was produced in the Midwest. Additional 
pd -~ sources of frac sand include the Cambrian Jordan | 
Е in Minnesota and the Cambrian Hickory Sandstone 1n 
iue (Industrial Minerals, 2007). 

f industrial sand and gravel were asked to 
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PR statistics ОП the destination of silica produced at their 
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operations. The producers were asked to list only the quantity 
of shipments (no value data were collected in this section of 
the questionnaire) and the State or other location to which the 
material was shipped for consumption. АП States received 
industrial sand and gravel. The States that received the most 
industrial sand and gravel were, in descending order, Texas, 
Wisconsin, Illinois, Oklahoma, Pennsylvania, California, North 
Carolina, Arkansas, Tennessee, and North Dakota. Producers 
reported sending 405,000 t of silica to Mexico (table 7). Because 
some producers did not provide this information, their data were 
estimated or assigned to the “Destination unknown" category. In 
2012, 50% of industrial sand and gravel shipped by producers 
was assigned to that category. 

The share of silica sold for all types of glassmaking increased 
by 1096 compared with that of 2011. Sales of sand for container 
glass production increased by 14%, and sales to flat glass 
manufacturers increased by 3% compared with those in 2011. 
On average, in the container glassmaking industry, silica 
accounts for 60% of raw materials used (Industrial Minerals, 
2004). The amount of unground silica sand consumed for 
fiberglass production decreased by 36% compared with that of 
2011, ground silica sand consumed for fiberglass production 
increased by 31%, and sales for specialty glass increased 
by 29%. 

The increased demand for frac sand was the result of ongoing 
exploration and production of natural gas and petroleum 
from various underground shale formations throughout the 
United States. In 2012, sales of frac sand increased by 28% 
compared with those of 2011. 

The demand for foundry sand is dependent mainly on 
automobile and light truck production. Although production and 
sales of automobiles and light trucks increased in 2017, sales of 
foundry sand decreased slightly compared with those of 2011. 

Whole grain silica is regularly used in filler-type and building 
applications. In 2012, consumption of whole-grain fillers for 
building products was 1.68 Mt, a 1076 decrease compared with 
that of 2011. 

In 2012, silica sales for chemical production were 890,000 t, 
an increase of about 26% compared with those in 2011. Total 
sales of silica gravel for silicon and ferrosilicon production, = 
filtration, and other uses were about the same in 2012 as those 1n 
2011. The main uses for silicon metal are in the manufacture of 
silanes and semiconductor-grade silicon and in the production of 
aluminum alloys. 

Transportation.—The US. frac sand boom has created 
a logistics problem for hydraulic fracturing suppliers. 
Increased volumes of traffic have congested railways, ет ү 
transportation of frac sand to sites of first use (oil and - ge 
difficult and expensive for frac sand producers. Of a indu 

0 nsported by truck from 
sand and gravel produced, 71% was tra ро that of 2011; 
the plant to the site of first sale or use, up 9% from eat oad 
21% was transported by rail, down 28% from that o : 
8% was transported by unspecified modes of up а 

Prices. —The average value, free on board plant, o | ч ‘ag 
industrial sand and gravel increased to $52.80 per me ЈА 
in 2012, a 16% increase compared with the ias oM 
of $45.71 per metric ton in 2011 (table 6). pe but 
increased for some end uses and decreased for 018% 


ook—20? 
U.S. GEOLOGICAL SURVEY MINERALS YEARB 


— — —ü 


substantial increases for the leading end uses resulted in 
overall increased unit values. The average unit values for 
industrial sand and industrial gravel were $52.99 per ton 

and $25.74 per ton, respectively. The average price for sand 
ranged from $23.21 per ton for other whole grain silica to 
$71.07 per ton for sand for well packing and cementing. For 
gravel, prices ranged from $19.88 per ton for silicon and 
ferrosilicon to $24.17 per ton for filtration. In any given year, 
producer prices reported to the USGS for silica commonly 
ranged from several dollars per ton to hundreds of dollars 

per ton. Prices for certain highly processed quartz products 
for specialized end uses, not covered in this chapter, can 
reach the $50,000-per-ton level. Nationally, sand for well 
packing and cementing had the highest value ($71.07 per ton), 
followed by ground sand used as filler for paint, putty, and 
rubber ($64.71 per ton), frac sand ($62.67 per ton), sand for 
municipal water filtration ($62.44 per ton), silica for ceramics 
($54.11 per ton), ground sand used for foundry molding 

and core ($53.17 per ton), and sand for refractory uses 
($52.86 per ton). 

By geographic region, the average value of industrial sand and 
gravel was highest in the Midwest ($57.67 per ton), followed by 
the South ($46.78 per ton), the Northeast ($46.34 per ton), and 
the West ($45.59 per ton) (table 6). Prices can vary greatly for 
similar grades of silica at different locations in the United States, 
owing to tighter supplies and higher production costs in certain 
regions of the country. For example, the average value of 
container glass sand varied from $29.92 per ton in the South to 
$41.65 per ton in the West. 

Foreign Trade.—Exports of industrial sand and gravel in 
2012 increased slightly compared with the amount exported 
in 2011, and the associated value decreased by about 1296 
(table 8). Canada was the leading recipient of U.S. exports, 
receiving 53% of total industrial sand and gravel exports; 
Mexico received 19%, and Japan, 15%. The remainder went 
to many other countries. The average unit value of exports 
decreased to $75.15 per ton in 2012 from $85.69 per ton in 
2011. In 2012, export unit values varied widely by region; 
exports of silica to Africa and the Middle East averaged 
$649.33 per ton, and exports to the rest of the world averaged 
$74.75 per ton. 

Imports for consumption of industrial sand and gravel 
decreased by 3% to 306,000 t, compared with those of 2011 
(table 9). Canada supplied about 74% of the silica imports, 
and imports from Canada averaged $35.85 per ton; this included 
cost, insurance, and freight costs to the U.S. port of entry. The 
total value of imports was $36.6 million, with an average unit 
value of $119.54 per ton. Higher priced imports came from 
Australia, Chile, China, Germany, Japan, Mexico, and the 
Netherlands. 

World Review.—Based on information provided mainly by 
foreign governments, world production of industrial sand and 
gravel was estimated to be 139 Mt (table 10). Of the countries 
listed, the United States was the leading producer followed, in 
descending order, by Italy, Germany, Turkey, France, Australia, 
Spain, United Kingdom, Mexico, and Japan. Most countries had 
some production and consumption of industrial sand and gravel, 
which are essential to the glass and foundry industries. Because 
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of the great variation in reporting standards, however, obtaining 
reliable information was difficult. In addition to the countries 
listed, many other countries were thought to have had some type 
of silica production and consumption. 

Outlook.—U.S. consumption of industrial sand and gravel 
in 2013 was expected to be 51 to 52 Mt. Forecasts are based on 
previous performances within various end uses, contingency 
factors considered relevant to the future of the commodity, and 
forecasts made by analysts and producers in the various markets. 

Increased demand has been noted for most segments of 
silica sand for glassmaking. Based on these factors, production 
of silica sand for glassmaking in 2013 was expected to be 
7.5 to 8 Mt. 

The demand for foundry sand is dependent mainly on 
automobile and light truck production. Production and sales of 
automobiles and light trucks increased in 2012 and the trend 
continued into 2013. Another important factor for the future 
consumption of virgin foundry sand is the recycling of used 
foundry sand. The level of recycling is thought to be increasing. 
Other materials or minerals compete with silica as foundry 
sand, but these other “‘sands” usually suffer from a severe 
price disadvantage. Based on these factors, production of silica 
foundry sand in 2013 was expected to be 4.5 to 4.7 Mt. 

Frac sand sales increased in 2012 compared with those in 
2011. Production of crude oil and natural gas increased in the 
United States in 2012 with the trend continuing into 2013. On 
average, crude oil and natural gas prices fluctuated in 2012 
with an overall trend toward slightly higher prices into 2013. 
Based on this trend, demand for and production of frac sand 
should be sustained in 2013. Myriad factors affect the demand 
for frac sand, such as fluctuating prices for natural gas as 
dictated by seasonal weather conditions. Hydrocarbon drilling 
and production efficiency improvements, coupled with slightly 
declining exploratory drilling activity and well completions, 
primarily onshore in the United States, could tend to decrease 
demand for frac sand. Based on available information, 
production of frac sand was expected to be 31 to 35 Mt. in 2013. 

The United States is the leading producer and a major 
consumer of silica sand and is self-sufficient in this mined 
mineral commodity. Most silica sand is produced at deposits 
in the Midwest and near major markets in the Eastern 
United States. A significant amount of silica sand also is 
produced in the West and Southwest, mostly in California and 
Texas, respectively. Domestic production is expected to continue 
to meet 97% to 98% of U.S. demand well beyond 2013. Barring 
future declines in the overall U.S. economy, imports of silica 
sand from Canada and Mexico, and higher valued material from 
China are expected to slowly increase. 

Because the unit price of silica sand is relatively low, except 
for a few end uses that require a high degree of processing, the 
location of a silica sand deposit in relation to market location 
will continue to be an important factor in determining the 
economic feasibility of developing a deposit. Consequently, a 
significant number of relatively small operations supply local 
markets with a limited number of products. 

Several factors could affect supply and demand relationships 
for silica sand. Further increases in the development of 
substitute materials for glass and cast metals could reduce 


demand for foundry and glass sand. These substitutes, which 
are mainly ceramics and polymers, would likely increase the 
demand for ground silica, which is used as a filler in plastics; 
glass fibers, which are used in reinforced plastics; and silica 
(chemical, ground, or whole-grain), which is used as a raw 
material for ceramics. Increased efforts to reduce waste and to 
increase recycling also would be likely to lower the demand 
for mined glass sand. Glass cullet is an industry term for 
furnace-ready scrap glass and is an important material used in 
the manufacturing of glass. Recycling of glass cullet has been 
increasing in most industrialized nations, and recycling has 
accounted for anywhere from 25% to 70% of the raw material 
needed for the glass container industry in many countries. It has 
been estimated that for every 1096 of recycled glass cullet used 
in the melting process for glass container manufacture, energy 
use will decrease by approximately 296 to 396. In 2012, 4196 of 
beer and soft drink glass bottles were recovered for recycling. 
An additional 3496 of wine and liquor glass bottles and 15% 
of food and other glass jars were recycled. In total, about 

34% of all glass containers were recycled (Glass Packaging 
Institute, 2013). 

Health concerns about the use of silica sand and stricter 
legislative and regulatory measures concerning crystalline silica 
exposure could reduce the demand in many silica markets. 

The use of silica sand in the abrasive blast industry was being 
evaluated as a health hazard, and marketers of competing 
materials, which include garnet, olivine, and slags, encouraged 
the use of their “safer” abrasive media. In hydraulic fracturing, 
other materials (such as bauxite-based proppants, ceramic 
proppants, and resin-coated sand) compete with silica sand, 
although they are more expensive and not used as extensively 
as silica sand. Bauxite-based and ceramic proppants exhibit 
improved performance in deeper, higher pressure formations 
than silica sand (Industrial Minerals, 2009). 


Quartz Crystal 


Electronic-grade quartz crystal, also known as cultured 
quartz crystal, is single-crystal silica with properties that make 
it uniquely suited for accurate filters, frequency controls, 
and timers used in electronic circuits. These devices are 
used for a variety of electronic applications in aerospace 
hardware, commercial and military navigational instruments, 
communications equipment, computers, and consumer goods 
(for example, clocks, games, television receivers, and toys). 
Such uses generate practically all the demand for electronic- 
grade quartz crystal. A smaller amount of optical-grade quartz 


crystal is used for lenses and windows in specialized devices, 


ich include some lasers. | "m 
ed quartz crystal was used in most electronic and 


; icati ntil 1971, when it was surpassed by 
Bids H ин Cultured quartz is not a mined mineral 
d + Rather, it is synthetically produced from natural 
n ors termed lascas, which is mined. Mining of 
с United States ceased in 1997 owing to competition 
мук ы expensive imported lascas, predominantly from mines 
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installed worldwide in all types of electronic devices, from 
automobiles to cellular telephones. 
The use of natural quartz crystal for carvings and other 
gemstone applications has continued; more information can 
be found in the “Gemstones” chapter of the USGS Minerals 
Yearbook, volume I, Metals and Minerals. 
Legislation and Government Programs.—The strategic 
value of quartz crystal was demonstrated during World War 
II when it gained widespread use as an essential component 
of military communication systems. After the war, natural 
electronic-grade quartz crystal was officially designated as a 
strategic and critical material for stockpiling by the Federal 
Government. Cultured quartz crystal, which eventually 
supplanted natural crystal in nearly all applications, was not 
commercially available when acquisition of natural quartz 
crystal for a national stockpile began. 
As of December 31, 2012, the National Defense Stockpile 
(NDS) contained 7,134 kilograms (kg) of natural quartz crystal. 
The stockpile has 11 weight classes for natural quartz crystal 
that range from 0.2 kg to more than 10 kg. The stockpiled 
crystals, however, are primarily in the larger weight classes. 
The larger pieces are suitable as seed crystals, which are very 
thin crystals cut to exact dimensions, to produce cultured quartz 
crystal. In addition, many of the stockpiled crystals could be 
of interest to the specimen and gemstone industry. Little, if 
any, of the stockpiled material is likely to be used in the same 
applications as cultured quartz crystal. 
No natural quartz crystal was sold from the NDS in 2012, and 
the Federal Government did not intend to dispose of or sell any 
of the remaining material. Previously, only individual crystals 
in the NDS inventory that weighed 10 kg or more and could be 
used as seed material were sold. Brazil traditionally has been 
the source of such large natural crystals, but changes in mining 
operations have reduced output. | | 
Quartz crystal is also affected by the regulation of crystalline 
silica as discussed in the “Legislation and Government = | 
Programs” portion of the “Industrial Sand and Gravel" section | 
of this chapter. | 
Production.—The USGS collects production data for quartz | 
crystal through a survey of the domestic industry. In 2012, | 
based on the 0505 survey, no domestic companies reported the | 
production of cultured quartz crystal. During the past several 
years, cultured quartz crystal was produced predominantly | 
overseas, primarily in Asia. , 
Consumption.—In 2012, the USGS collected purs 
consumption data for quartz crystal through a survey °t 
19 U.S. operations that fabricate quartz crystal devices m 
8 States. Of the 19 operations, 2 responded to the He . 
Total U.S. consumption of quartz crystal n 2012, including 
nonrespondents, was estimated at 1,300 kilograms. s зен ЛАН 
Prices.—The price of as-grown cultured quartz W X ds 
: d quartz, whic 
to be $200 per kilogram in 2012. Lumbered q jr dise M 
as-grown cultured quartz that has been processed DY © 2012, 
"ndi imated t 400 per kilogram 1n 
and grinding, was estimated to be 5400 p S ors pan 
however, prices ranged from $20 per E : 
$900 per kilogram, depending on the ue m is the major 
Foreign Trade.—The U.S. Census ureau, 


provide specific 
Government source of U.S. trade data, does not pro p 
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import or export statistics on lascas. The U.S. Census Bureau 
collects export and import statistics on electronic and optical- 
grade quartz crystal; however, the quartz crystal export and 
import quantities and values reported in previous years included 
zirconia, which was inadvertently reported as quartz crystal, not 
including mounted piezoelectric crystals. 

World Review.—Cultured quartz crystal production was 
concentrated in China, Japan, and Russia; several companies 
produced crystal in each country. Other producing countries 
were Belgium, Brazil, Bulgaria, France, Germany, South Africa, 
and the United Kingdom. Details concerning quartz operations 
in China, the Eastern European countries, and most nations of 
the Commonwealth of Independent States were unavailable. 
Operations in Russia, however, have significant capacity to 
produce synthetic quartz. 

Outlook.—Continuing growth of the consumer 
electronics market (for example, automobiles, cellular 
telephones, electronic games, and personal computers) in the 
United States will likely continue to provide consumer outlets 
for domestically produced quartz crystal devices. The increasing 
global electronics market may require additional production 
capacity worldwide. 


Special Silica Stone Products 


Silica stone (another type of crystalline silica) products are 
materials for abrasive tools, such as deburring media, grinding 
pebbles, grindstones, hones, oilstones, stone files, tube-mill 
liners, and whetstones. These products are manufactured from 
novaculite, quartzite, and other microcrystalline quartz rock. 
This chapter, however, excludes products that are fabricated 
from such materials by artificial bonding of the abrasive grains 
(information on other manufactured and natural abrasives may 
be found in other USGS Minerals Yearbook, volume I, Metals 
and Minerals chapters). 

Special silica stone is also affected by the regulation 
of crystalline silica as discussed in the “Legislation and 
Government Programs” part of the “Industrial Sand and Gravel” 
section of this chapter. 

Production.—In response to a USGS production survey, two 
of four domestic firms known to produce special silica stone, 
responded in 2012. In recent years, Arkansas accounted for most 
of the value and quantity of production that was reported. Plants 
in Arkansas manufactured files, deburring-tumbling media, 
oilstones, and whetstones. 

The industry produced and marketed four main grades of 
Arkansas whetstone in recent years. The grades range from the 
high-quality black hard Arkansas stone to Washita stone, a soft 
coarse stone. In general, the black hard Arkansas stone has a 
porosity of 0.07% and a waxy luster, and Washita stone has a 
porosity of 16% and resembles unglazed porcelain. 

Consumption.—The domestic consumption of special silica 
stone products comprises a combination of craft, household, 
industrial, and leisure uses. The leading household use is for 
sharpening knives and other cutlery, lawn and garden tools, 
scissors, and shears. Major industrial uses include deburring 
metal and plastic castings, polishing metal surfaces, and 
sharpening and honing cutting surfaces. The major recreational 
use 15 in sharpening arrowheads, fishhooks, spear points, and 
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sports knives. The leading craft application is sharpening tools 
for engraving, jewelry making, and woodcarving. Silica stone 
files also are used in the manufacture, modification, and repair 
of firearms. 

Prices.—In 2012, the average value as reported by domestic 
producers of crude material suitable for cutting into finished 
products was estimated to be $250 per ton. 

Foreign Trade.—1n 2012, silica stone product exports had 
a value of $11.9 million, up by 8% from that in 2011. These 
exports were categorized as “hand sharpening or polishing 
stones" by the U.S. Census Bureau. This category accounted for 
most of or all the silica stone products exported in 2012. 

In 2012, the value of imported silica stone products was 
$11.2 million, down slightly from that in 2011. These imports 
were hand sharpening or polishing stones, which accounted 
for most of or all the imported silica stone products in 2012. A 
portion of the finished products that were imported may have 
been made from crude novaculite produced in the United States 
and exported for processing. 

Outlook.—Consumption patterns for special silica stone were 
not expected to change significantly during the next several 
years. Most of the existing markets are well defined, and the 
probability of new uses being created is low. 


Tripoli 


Tripoli, broadly defined, includes extremely fine grained 
crystalline silica in various stages of aggregation. Grain sizes 
usually range from 1 to 10 micrometers (um), but particles as 
small as 0.1 to 0.2 рт are common. Commercial tripoli contains 
98% to 99% silica and minor amounts of alumina (as clay) and 
iron oxide. Tripoli may be white or some shade of brown, red, or 
yellow, depending on the percentage of iron oxide. 

Tripoli also is affected by the regulation of crystalline silica as 
discussed in the “Legislation and Government Programs" part of 
the “Industrial Sand and Gravel" section of this chapter. 

Production.—Yn 2012, three U.S. firms were known to 
produce and process tripoli. American Tripoli, Inc. operated 
a mine and produced finished material in Newton County, 

MO. Malvern Minerals Co. in Garland County, AR, produced 
crude and finished material from novaculite. Unimin Specialty 
Minerals Inc. in Alexander County, IL, produced crude and 
finished material. Of the three U.S. firms, two responded to the 
USGS survey. Production for the nonrespondent was estimated 
based on reports from previous years and supplemented with 
worker-hour reports from MSHA. 

Consumption.—lt was estimated that sales of processed 
tripoli in 2012 increased by 63% in quantity to 120,000 t with а 
value of $18.9 million (table 1). The increase in tripoli sales was 
due in large part to its use as a functional filler and extender in 
adhesives, plastics, rubber, and sealants. 

Tripoli has unique applications as an abrasive because of its 
hardness and its grain structure, which lacks distinct edges and 
corners. It is a mild abrasive, which makes it suitable for use 
in toothpaste and tooth-polishing compounds, industrial soaps, 
and metal- and jewelry-polishing compounds. The automobile 
industry uses it in buffing and polishing compounds for lacquer 
finishing. 


The end-use pattern for tripoli has changed significantly in the 
past 42 years. In 1970, nearly 7096 of the processed tripoli was 
used as an abrasive. In 2012, 59^ of tripoli output was used as 
an abrasive. Tripoli was mostly used as a filler and extender in 
enamel, caulking compounds, linings, paint, plastic, rubber, and 
other products. In 2012, the primary use of tripoli (9496) was 


as a filler and extender. The remaining 1% was in brake friction 
products and refractories. 


Prices.—The average unit value as reported by domestic 
producers of all tripoli sold or used in the United States was 
estimated to be $158 per ton in 2012. The average unit value 
of abrasive-grade tripoli sold or used in the United States 
during 2012 was estimated to be $247 per ton, and the average 


unit value of filler-grade tripoli sold or used domestically was 
estimated to be $156 per ton. 


Outlook.— Consumption patterns for tripoli were not expected 
to change significantly during the next several years. Most of 


the existing markets are well defined, and the probability of new 
uses being created is low. 
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(Thousand metric tons and thousand dollars unless otherwise specified) 


2008 2009 2010 2011 2012 
Industrial sand and gravel:? 
Sold or used: 
Quantity: 
Sand 29,300 26,900 31,700 43,400 50,300 
Gravel 1,110 565 582 348 345 
Total 30,400 27,500 32,300 43,800 ' 50,700 
Value: 
Sand 909,000 921,000 1,130,000 1,990,000 ' 2,670,000 
Gravel 28,000 21,000 14,900 14,400 8,880 
Total 937,000 942,000 1,150,000 2,000,000 2,670,000 
Exports: 
Quantity 3,100 2,150 3,950 4,330 4,360 
Value 260,000 175,000 323,000 371,000 327,000 
Imports for consumption: 
Quantity 355 95 132 316 306 
Value 23,500 8,080 19,300 87,900 36,600 
Processed tripoli: 
Quantity metric tons 132,000 79,700 110,000 73,700 120,000 
Value 17,100 16,400 20,000 16,500 18,900 
Special silica stone: 
Crude production: 
Quantity metric tons W W W W 156 * 
Value W W W W 39 * 
Sold or used: 
Quantity metric tons W W W W 500 * 
Value W W W W 823 * 


*Estimated. 'Revised. W Withheld to avoid disclosing company proprietary data. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


?Excludes Puerto Rico. 


3Includes amorphous silica and Pennsylvania rottenstone. 
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ТАВГЕ 2 
INDUSTRIAL SAND AND GRAVEL SOLD OR USED IN THE UNITED STATES, BY GEOGRAPHIC DIVISION! 


2011 2012 
Quantity Quantity 
(thousand Percentage Value Percentage (thousand Percentage Value Percentage 
Geographic region? metric tons) of total (thousands) of total metric tons) of total (thousands) of total 
Northeast: 
New England 123 (3) $6,110 (3) 133 (3) $6,600 (3) 
Middle Atlantic 1,540 4 62,100 3 1,360 3 62,500 2 
Midwest: 
East North Central 14,700 34 714,000 36 20,900 41 1,210,000 47 
West North Central 7,480 17 405,000 20 7,470 15 422,000 16 
South: 
South Atlantic 3,460 8 101,000 5 3,660 7 113,000 4 
East South Central 1,400 3 27,000 1 1,440 3 39,800 2 
West South Central 12,200 28 592,000 30 13,200 26 701,000 24 
West: 
Mountain 1,180 3 39,300 2 1,200 2 66,900 3 
Pacific 1,700 * 4 55,700 ' 3 1,350 3 49,400 2 
Total 43,800 " 100 2,000,000 100 50,700 100 2,670,000 100 
"Revised. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 

*Sales region equivalent to U.S. Census Bureau Geographic Division as follows: New England (CT, MA, ME, NH RI, VT); Middle Atlantic (NJ, NY, PA); 
East North Central (IL, IN, MI, OH, WI); West North Central (IA, KS, MN, MO, NE, ND, SD); South Atlantic (DC, DE, FL, GA, MD, NC, SC, МА, МУ); 
East South Central (AL, KY, MS, TN); West South Central (AR, LA, OK, TX); Mountain (AZ, CO, ID, MT, NM, NV, UT, WY); Pacific (AK, CA, HI, 


OR, WA). 
?Less than М unit. 
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State 
Alabama 
Arizona 
Arkansas 
California 
Colorado 
Florida 
Georgia 
Idaho 
Illinois 
Indiana 
Iowa 
Kansas 
Louisiana 
Michigan 
Minnesota 
Missouri 
Nebraska 
Nevada 
New Jersey 
New York 


North Carolina 
North Dakota 


Ohio 
Oklahoma 
Pennsylvania 
Rhode Island 


South Carolina 


Tennessee 
Texas 
Virginia 
Washington 


West Virginia 


Wisconsin 
Other 
Total 


‘Revised. W Withheld to avoid disclosing company proprietary data; included 
in “Other.” -- Zero. 


TABLE 3 
INDUSTRIAL SAND AND GRAVEL SOLD OR USED IN 
THE UNITED STATES, BY STATE! 


(Thousand metric tons and thousand dollars) 


2011 
Quantity Value 
352 10,500 
W W 
W W 
1,320 ' 43,500 ' 
W W 
180 4,370 
655 19,600 
W W 
6,160 311,000 
W W 
W W 
W W 
550 23,700 
1,830 67,500 
W W 
1,970 101,000 
W W 
W W 
974 34,400 
W W 
1,330 35,300 
W W 
1,100 54,000 
1,780 69,600 
W W 
W W 
451 16,700 
1,050 16,500 
7,000 337,000 
W W 
W W 
W W 
5,510 280,000 
19,700 951,000 ' 
43,800 ' 2,000,000 


401 
W 
2,800 
1,010 


195 


10,700 
17,800 
50,700 


рака are rounded to no more than three significant digits; may not add 


to totals shown. 


Google 


2012 


Value 


_ Sut Quantity — Value — — Quantity У — 


13,200 
W 
211,000 
37,600 
W 
5,800 
16,500 
504,000 
W 

W 
21,800 
59,100 
210,000 
76,000 
W 

W 
32,100 
W 
30,700 
W 
34,500 
112,000 
W 

W 
20,300 
26,600 
357,000 
W 

W 

W 

611 
1,680,000 
2,670,000 


66.9 


ТАВГЕ 4 
INDUSTRIAL SAND AND GRAVEL PRODUCTION IN THE UNITED 
STATES IN 2012, BY SIZE OF OPERATION! 


Quantity 
Number of Percentage (thousand Percentage 
Size range operations of total metric tons) of total 
Less than 25,000 37 23 407 Q) 
25,000 to 49,999 14 8 494 3 
50,000 to 99,999 20 11 1,270 2 
100,000 to 199,999 26 15 3,290 6 
200,000 to 299,999 17 9 3,780 7 
300,000 to 399,999 9 2,810 5 
400,000 to 499,999 4 > 1,710 3 
500,000 to 599,999 12 8 5,390 12 
600,000 to 699,999 8 5 4,700 11 
700,000 апа тоге 26 14 26,800 51 


Тога! 173 100 50,700 100 


‘Data аге rounded to no more than three significant digits; may not add to totals shown. 
"Less than % unit. 


TABLE 5 
NUMBER OF INDUSTRIAL SAND AND GRAVEL OPERATIONS AND PROCESSING 
PLANTS IN THE UNITED STATES IN 2012, BY GEOGRAPHIC DIVISION 


Mining operations on land Total 
Stationary Dredging active 

Northeast: 

New England 1 РВ = 1 

Middle Atlantic 4 = 3 7 
Midwest: 

East North Central 62 ЗА 2 66 

West North Central l4 1 2 17 
South: 

South Atlantic 17 s 3 20 

East South Central 5 та 3 9 

West South Central 36 eu 3 39 
h A А 

Mountain 4 ~ -- А 

Расіћс 10 -- o анаа. 

Тога! 153 ы ез. „9 Ae нк 
-- Zero. 
012 
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Destination 
States: 


Alabama 


EN iare ME NENNEN MM MED Lii illi 


Alaska 


АВАРА 


Arizona 


а MM. —— 


Arkansas 
California 
Colorado 
Connecticut 
Delaware 
District of Columbia 
Florida 
Georgia 
Hawaii 

Idaho 

Illinois 
Indiana 

Iowa 

Kansas 
Kentucky 
Louisiana 
Maine 
Maryland 
Massachusetts 
Michigan 
Minnesota 
Mississippi 
Missouri 
Montana 
Nebraska 
Nevada 

New Hampshire 


20 


2 


A 


zzzu£zzzzz£zz5 


11 


==8=5===—=—=—<——=—==—= 


TABLE 7 
INDUSTRIAL SAND AND GRAVEL SOLD OR USED, BY DESTINATION! 


(Thousand metric tons) 


2012 


л==== 


2 


e 
==5==8= 


5 


155 


W 
W 


Destination 
States—Continued: 
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio 
Oklahoma 
Oregon 
Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas 
Utah 
Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 
Wyoming 
Countries: 
Canada 
Mexico 
Other 
Other: 
Puerto Rico 
U.S. possessions and territories 
Destination unknown 
Total 


‘Revised. W Withheld to avoid disclosing company proprietary data; included in “Total.” — Zero. 
! Data are rounded to no more than three significant digits; may not add to totals shown. 
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2011 2012 

W 400 

W W 

W W 

W 811 

330 504 

259 316 

W 1,620 

Ww W 

1,140 1,090 

W W 

W 175 

3 9 

W 571 

5,920 7,150 

W W 

W W 

W W 

W W 

W W 

W 2,520 

W W 

W W 

337 405 

W W 

= W 

W w 

23,100 25,200 

43,800" 50,700 
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(Thousand metric tons and thousand dollars) 


Destination 
Africa and the Middle East: 
Egypt 
Israel 
Other 
Total 
Asia: 
China 
Hong Kong 
Japan 
Korea, Republic of 
Singapore 
Taiwan 
Other 
Total 
Europe: 
Belgium 
Germany 
Italy 
Netherlands 
Russia 
United Kingdom 
Other 
Total 
North America: 
Bahamas, The 
Canada 
Mexico 
Trinidad and Tobago 
Other 
Total 
Oceania: 
Australia 
New Zealand 
Total 
South America: 
Argentina 
Brazil 
Colombia 
Peru 
Venezuela 
Other 
Total 
and total 


-- Zero. 


TABLE 8 
U.S. EXPORTS OF INDUSTRIAL SAND AND GRAVEL, BY REGION AND COUNTRY! 


Quantity 


2011 


18 
3 
6 

15 
l 


44 


бапа total 7 6340 _ 3700 4360 32100 


371,000 


4,360 


! Data are rounded to no more than three significant digits; may not add to totals shown. 
?Free alongside ship value of material at U.S. port of export. Based on transaction price, 


includes all charges incurred in placing material alongside ship. 


Less than М unit. 


Source: U.S. Census Bureau. 


Google 


2012 
Value? Quantity Value? 
117 = E 
378 (3) 267 
995 3 1,680 
1,490 3 1,950 
98,100 30 58,800 
329 (3) 215 
48,700 632 29,600 
5.380 6 4,360 
966 1 526 
1,830 2 1,810 
1,670 4 3,030 
157,000 675 98,400 
1,320 175 6,060 
41,000 150 28,600 
145 (3) 85 
8,090 11 6,130 
13 (3) 7 
2,880 2 1,550 
8,270 135 8,670 
61,700 473 51,100 
97 1 178 
87,800 2,330 116,000 
47,700 807 45,100 
133 ] 271 
1,870 8 1,670 
138,000 3,140 163,000 
1,250 1 324 
71 as 126 
1,320 1 450 
4,780 25 5,150 
1,010 13 1,510 
3500 6 994 
2,110 15 3,680 
412 1 418 
457 ] 586 
12,300 61 12,300 


327,000 


66.13 


66.14 


DEOR ААА 


TABLE 9 


U.S. IMPORTS FOR CONSUMPTION OF INDUSTRIAL 


SAND, BY COUNTRY' 


(Thousand metric tons and thousand dollars) 


2011 2012 
Country Quantity Value? Quantity Value? 

Australia 2 943 1 741 
Сапада 106 5,860 226 8,100 
Chile 1 162 1 294 
China 1 684 3 557 
Germany (3) 529 (3) 586 
Јарап (3) 12 (3) 3 
Mexico 198 76,300 64 23,400 
Netherlands (3) 62 (3) 58 
Other 8 3,380 11 2,840 

Total 316 87,900 306 36,600 


!Data are rounded to no more than three significant digits; may not add 


to totals shown. 


Cost, insurance, and freight value of material at U.S. port of entry. 
Based on purchase price; includes all charges (except U.S. import 
duties) in bringing material from foreign country to alongside carrier. 


?Less than У unit. 


Source: U.S. Census Bureau. 
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Country? 
Algeria 
Argentina 
Australia‘ 
Austria 
Belgium 
Belize ^ 
Bosnia and Herzegovina 
Brazil, silex? 


Bulgaria* 


Canada, quartz 


(Thousand metric tons) 


Chile 


Croatia 
Cuba 
Czech Republic, foundry sand 


Denmark 


Ecuador 


Egypt? 


Eritrea* 
Estonia, industrial sand 


Ethiopia’ 


Finland 


France 


French Guyana* 


Gambia 
Germany 


Greece" 
Guatemala 
Guyana® 


Hungary, foundry and glass sand 


Iceland? 
India* 
Indonesia“ 
Iran” 

Iraq 
Ireland 


= ои 


Кају 
Jamaica 
Japan 
Jordan 


Kenya. 


Korea, Republic of 
Таја“ 
Lithuania 
Malaysia 
Mexico 
Moldova n 
Netherlands EN 
New Zealand 


Nigeria — 


Norway, quartz and quartzite | 
Paraguay EN 
Peru, quartz and quartzite (crushed) 
Philippines 

Poland 

Portugal, quartz and quartzite 

See footnotes at end of table. 
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TABLE 10 
INDUSTRIAL SAND AND GRAVEL (SILICA): WORLD PRODUCTION, BY COUNTRY"? 


2008 
276 ' 
473 

5,500 

2,175 
МА! 
479 ' 
702 

2 
734 > 

1,979 

1,401 
150 * 

29 

1,853 

NA' 
25 
384 ' 

2 г 


8,186 
65 ° 
65 

684 
220' 
4 
1,700 
38 
NA‘ 
19 
МА! 
195 
14,000 * 
15 

3,664 
23 
16 

1,757 
12 ' 
38 

1,467 

2,779 

2,707 ' 

NA‘ 
49 
26° 

1,025 " 

NA' 


124 "> 


270 
2,398 
9 T 


652 
271 ' 
4 
1,800 
36 
МА ' 
20" 
МА ' 
198 
17,656 * 
13 
3,078 
173 € 
177 
535 
I2: 
67 
932 
2,608 
2,146 ' 
МА ' 
113 
30 
1,055 ' 
NA‘ 
124° 
296 
2,458 
76 ' 


400 " 


2T 
NA 


71^ 


e 


e 


2,400 ^* 


6,286 ' 
500 ' 
1,200 * 
7,770 
40 ' 


60 " 


652 
170 ' 

4 

1,800 

37 
МА ' 
20 ° 
МА‘ 
233 € 
16,369 ' 
13 * 
3,003 ' 
88 ' 
18 ' 
394 ' 
12° 
53° 
1,340 ' 

2,570 
2,547 ' 
NA‘ 
109 ' 

30 


1,000 © 


NA‘ 
124° 
352 ' 
2,570 ' 
29' 


660 


1,593 P5 


1,267 ° 
230 
15 
1,340 
МА 


МА 
240 
16,400 
10 
3,200 
100 
18 
400 
12 

53 
1,200 


3,593 5 
2,966 > 


МА 
100 
30 
1,000 
МА 
124 
350 
2,570 
29 


66.15 


TABLE 10—Continued 
INDUSTRIAL SAND AND GRAVEL (SILICA): WORLD PRODUCTION, BY COUNTRY? 


(Thousand metric tons) 


МИ NEPTIS mE EE EET ER 


Country? 2008 2009 2010 2011 2012* 
Romania МА ' МА ' NA‘ МА ' МА 
Saudi Arabia 799 709 820 830 ^* 900 
Slovakia" 619 5 502 ? 500 500 500 
Slovenia 354 327 511: 500 ^* 500 
South Africa 3,342 2,306 2,905 2,863 ' 2,600 
Spain, industrial sand? 5,000 5,000 5,000 5,000 5.000 
Sri Lanka 61 60 68 65 € 63 
Sweden, quartz and quartzite* 151 56 85 NA' NA 
Taiwan 250 328 306 173 16° 
Thailand* 496 ? 500 ? 500 500 500 
Turkey 2,423 4,499 4,022 ' 7:021 * 7,000 
United Kingdom" 4,777 > 3:355. 5 3,760 3,760 3,760 
United States, sold or used by producers 30,441 27,511 32,264 43,762 ' 50,651? 
Venezuela* 500 500 500 500 500 
Total 118,000 * 113,000 " 118,000 " 132,000 ' 139,000 


*Estimated. PPreliminary. 'Revised. NA Not available. -- Zero. 

World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
?Includes data available through April 28, 2014. 

Эт addition to the countries listed, Angola, Antigua and Barbuda, The Bahamas, Belgium, Denmark, Iran, Ireland, Netherlands, 
Paraguay, and Romania produce industrial sand, but current available information is inadequate to formulate reliable estimates of 
output levels. Based on estimates of glass end use consumption, China is the world's largest producer of industrial sand; however, 
available information is inadequate to formulate reliable estimates of output levels. 

^Belize reports silica production, in cubic meters, as follows: 2008—399,000 (revised estimate); 2009— 500,000 (revised estimate); 
2010—500,000 (revised estimate); 2011—500,000 (revised estimate); and 2012— 500,000 (estimate). 

‘Reported figure. 

Fiscal year beginning July 1 of that stated. Silica sand only; no gravel. 

"Ethiopian calendar year ending July 7 of that stated. 

Збоџгсе: Guyana Geology and Mines Commission and the Bank of Guyana. 

?Fiscal year beginning March 21 of that stated. 
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SILICON 


By Lisa A. Corathers 


Domestic survey data and tables were prepared by Martha L. Jackson, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


Domestic statistics for silicon metal containing less than 
99.9% silicon—silicon metal used as feedstocks for chemical, 
electronic, and metallurgical applications—were aggregated 
with those of ferrosilicon to avoid disclosing company 
proprietary data for both material categories. In 2012, total 
domestic ferrosilicon and silicon metal production was 
383,000 metric tons (t) of contained silicon (table 1) and 
499,000 t on a gross-weight basis (table 2), an increase of 17% 
and 10%, respectively, from those of 2011. On the basis of 
contained silicon, U.S. exports of silicon products decreased 
by 11% and imports decreased by 10%. Total U.S. apparent 
consumption of silicon materials was 601,000 t in 2012, up 
7% from the revised amount of 564,000 t in 2011, owing to 
increased U.S. production. Year-average import prices for 
50% and 75% ferrosilicon grades each decreased by 10% 
and those for silicon metal decreased by 19% compared with 
those in 2011. Combined world production of ferrosilicon and 
silicon metal increased by 6% to 10.6 million metric tons (Mt) 
on a gross-weight basis compared with the revised amount 
in 2011 (table 9). China was the leading producer of these 
silicon materials. 

Silicon is a light chemical element with metallic and 
nonmetallic characteristics. Silicon is rarely found free in 
nature; it combines with oxygen and other elements to form 
silicates, which compose more than 2596 of the Earth's crust. 
Silica (SiO,) as quartz or quartzite is used to produce silicon 
ferroalloys for the iron and steel industries and silicon metal for 
the aluminum and chemical industries. Silicon metal may be 
further processed into ultra-high-purity semiconductor or solar 
grades; these contain 99.9% or greater silicon. Semiconductor- 
grade silicon metal used in making computer chips is crucial 
to modern technology, but the quantity is likely less than 596 
of total silicon metal demand (Roskill's Letter from Japan, 
2000). Silicon metal may also be refined into an upgraded 
metallurgical form or into wafers to power solar batteries. The 
U.S. Geological Survey (USGS) does not survey the ultra-high- 
purity silicon industry for production and related data; therefore, 
the only information in this report about these grades is from 
foreign trade statistics and published sources. Unless otherwise 
noted, silicon metal in this report refers to silicon metal 
containing less than 99.9% silicon. 


Production 


Silicon Ferroalloys.—Domestic gross production data for 
silicon ferroalloys were withheld to avoid disclosing company 
proprietary data; they were combined with U.S. silicon metal 
production statistics and reported as total silicon materials 
(tables 1—2). Ferrosilicon was produced in the United States 
by two companies—CC Metals and Alloys, Inc. and Globe 
Metallurgical, Inc. (GMI) (table 3). 
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Google 


In late January 2012, Globe Specialty Metals, Inc. (GSM), 
owner of U.S.-based silicon producer GMI, restarted production 
at its Bridgeport, AL, ferrosilicon plant that was closed in 
November 2011 because of a fire. The plant's production 
capacity was rated at 42,000 metric tons per year (t/yr). Asa 
result of the fire, GSM lost about 4,000 t of output (American 
Metal Market, 2012; Globe Specialty Metals, Inc., 2012c). 

Silicon Metal.—Production-related statistics for silicon metal 
were aggregated with domestic silicon ferroalloys to avoid 
disclosing company proprietary data. Two companies produced 
silicon metal in the United States——Dow Corning Corp. and 
GMI (table 3). Dow Corning's silicon metal production was 
used internally to manufacture silicones and other chemicals. 
GMI was the sole merchant silicon metal producer in the 
United States. 

Total Silicon Materials.—Data for all silicon materials that 
were produced in the United States in 2012—ferrosilicon, 
miscellaneous silicon alloys, and silicon metal—were derived 
from monthly and annual voluntary surveys and estimates for 
nonrespondents by the USGS. The gross production-related data 
in table 2 were obtained from all operations listed in table 3 
that were canvassed by means of the USGS “Silicon Alloys" 
survey. U.S. production reported in the world production table 
reflects net production of total silicon materials (table 9); that is, 
it includes adjustments in inventory and in-plant consumption of 
ferrosilicon and silicon metal to produce magnesium ferrosilicon, 
miscellaneous alloys, and different grades of silicon metal. 

Upgraded-Metallurgical-Grade Silicon Metal.—Upgraded- 
metallurgical-grade silicon metal (UMG-Si) is used in 
silicon-based photovoltaic (solar) cells. UMG-Si does not 
require as much additional refinement as does polycrystalline 
silicon, which has been traditionally used in solar panel wafers. 
GSM did not produce UMG-Si commercially in 2012; rather, 
the company focused on research and development projects to 
improve UMG-Si production at its 360-t/yr Solsil, Inc. plant in 
Beverly, OH (Globe Specialty Metals, Inc., 2012a, p. 2, 15~16). 

Semiconductor- and Solar-Battery-Grade Silicon.—U S. 
polycrystalline silicon producer Hemlock Semiconductor Group 
had the third highest production capacity (40,000 t/yr) worldwide, 
following Hong Kong-based producer GCL Poly-Energy 
Holdings, Ltd. and German producer Wacker Chemie AG with 
production capacities of 65,000 t/yr and 52,000 t/yr, respectively 
(Roskill’s Letters from Japan, 2013, p. 1). 

Worldwide overcapacity of polycrystalline silicon metal 
delayed the startup of two new polycrystalline silicon plants 
in Tennessee—Hemlock Semiconductor’s 10,000-t/yr plant 
in Clarksville, and Wacker Chemie’s 15,000-t/yr plant in 
Cleveland. Startup at the $1.2 billion Hemlock Semiconductor 
plant, scheduled for 2012, was delayed indefinitely. Production 
at the $1.6 billion Wacker Chemie plant was postponed until 
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mid-2015 from late 2013. Production at both plants primarily 
would target solar cell applications. Investment bank B. Riley 
& Co. estimated that the new plants would supply an additional 
36,000 t of silicon metal to the North American market 
(Metal-Pages, 2012a; Wacker Chemie AG, 2012; Chattanooga 
Times Free Press, 2013). 

Silicon Chemicals.—In June, Bluestar Silicones USA Corp. [a 
subsidiary of China National Bluestar (Group) Co., Ltd.] opened 
a new silicone manufacturing plant and research and development 
center in York, SC. With the plant opening, the company 
consolidated its former U.S. manufacturing facilities in Ventura, 
CA, and Rock Hill, SC. The silicone materials that would be 
produced at the new York facility included antifoam, dispersions, 
fluids, high-consistency rubbers, liquid silicone rubbers, release 
coatings, resins, room-temperature vulcanized silicones, and 
specialty fluids (Bluestar Silicones USA Corp., 2012). 


Consumption 


Silicon Ferroalloys and Metal.—Most ferrosilicon (including 
miscellaneous silicon alloys) was used to produce steel (7276) 
(table 4). Silicon metal was used mainly to produce chemicals, 
such as silanes, silicones, and others (84%). Metallurgical-grade 
silicon carbide can substitute for ferrosilicon, especially in iron 
foundries. Data on North American production and U.S. imports 
of silicon carbide are reported in the Manufactured Abrasives 
chapter of the 2012 USGS Minerals Yearbook, volume I, Metals 
and Minerals. 

In 2012, U.S. apparent consumption of silicon materials 
(ferrosilicon, miscellaneous silicon alloys, and silicon metal) 
was 601,000 t (table 1). Consumption of ferrosilicon and 
silicon metal in 2012 was estimated by CRU International 
Ltd. to have each decreased throughout most of the world, 
excluding China, Cuba, countries of the former Soviet Union, 
except Yugoslavia, and North Korea. (CRU International's 
world consumption coverage excluded China, Cuba, the former 
Soviet Union, and North Korea.) In terms of contained silicon, 
ferrosilicon consumption decreased to 1.87 Mt in 2012 from 
2.01 Mt (revised) in 2011, and silicon metal consumption 
decreased to 1.43 Mt from 1.58 Mt (revised). The area with the · 
largest year-over-year decrease in consumption of ferrosilicon, 
in terms of tonnage and as categorized by CRU International, 
was Europe. In decreasing, order of consumption, Europe, other 
Asian countries (excluding China, Japan, and North Korea), | 
and Japan accounted for 72% of the ferrosilicon consumption in 
2012. Areas with the largest year-over-year decreases 1п silicon 
metal consumption, in terms of tonnage and as categorized by 
CRU International, were Japan, other Asian countries (excluding 
China, Japan, and North Korea), and the United States. Also in 
decreasing order of consumption, the European Union (EU), 

United States, and other Asian countries (excluding China, 
ee nd North Korea) accounted for 73% of the silicon metal 
а in 2012 (CRU Bulk Ferroalloys Monitor, 2013, b). 
co 
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Silicon material prices on average were lower in 2012 than 
those in 2011 because of lessening consumption in the 
United States toward yearend. The year-average spot prices 
given by Platts Metals Week were 91.7 cents per pound for 
75% ferrosilicon and 127.3 cents per pound for silicon metal; 
these prices were 1096 and 19% lower, respectively, than those 
in 2011. The year-average North American transaction price 
for 50% ferrosilicon, as calculated from Ryan's Notes listings, 
was 100.4 cents per pound, a 1096 decrease from that in 2011. 
Average monthly ferrosilicon and silicon metal spot prices were 
at their highest during the first quarter of 2012 before generally 
trending downward until hitting lows in November and 
December— 121.3 cents per pound for silicon metal, 96 cents 
per pound for 50% ferrosilicon, and 88.9 cents per pound for 
75% ferrosilicon. The range for spot market prices, in cents per 
pound, ended the year as follows: silicon metal, 119 to 124; 50% 
ferrosilicon, 95 to 97; and 75% ferrosilicon, 88.5 to 90. 


Foreign Trade 


Trade volumes discussed are based on gross weight. U.S. 
ferrosilicon exports decreased by 39% to 20,600 t, and their 
value decreased by 1594 to $34.4 million from those in 201. 
In decreasing order of quantity, Canada, Japan, and Mexico 
accounted for 8896 of the total 2012 ferrosilicon exports 
(table 5). Exports of silicon metal decreased by 4% to 76,200 t, 
and their value decreased by 28% to $1.9 billion from that 
in 2011. In decreasing order of quantity, China, Japan, and 
the Republic of Korea accounted for 7476 of silicon metal 
exports. Shipments of ultra-high-purity silicon containing more 
than 99.9994 silicon accounted for 73% of total silicon metal 
exported and 9896 of the total value of combined ferrosilicon 
and silicon metal exports. 

U.S. ferrosilicon imports increased by 7% to 250,000 t, but 
the value of those imports decreased slightly to $373 million 
compared with that in 2011. These imports increased because 
of an increase in standard 759^ ferrosilicon imports (ferrosilicon 
trade category of “55% to 80% silicon, other”). Imports of 75% 
ferrosilicon accounted for 84% of total ferrosilicon imports, by 
gross weight, and 83% of total ferrosilicon value (table 6). 
Russia (45%) was the leading source of total ferrosilicon 
imports, followed by China (20%) and Canada (14%). 

Silicon metal imports (137,000 t) decreased by 28% from 
those in 2011, and decreased by 37% in value to $552 million 
from $884 million in 2011. The decrease in silicon metal 
imports was attributable to decreases of 27 „500 t and 23,000 t, 
respectively, in the “99.00% to 99.99% silicon” and acm 
other" trade categories. Silicon metal in the “99.00% to 99.99 /o 
silicon" trade category accounted for 80% of the quantity, F 
59% of the value, respectively, of all silicon metal uide 
in 2012. Brazil was the leading source of total silicon er 
imports with 31%, followed by South Africa with 22%, an 

da with 2096. m 
yi со U.S. net import reliance for ferrosilicon i à 
silicon metal in 2012 as a percentage of apparent Mer САА 
was 36%. Net import reliance was defined as imports m 
exports plus adjustments for industry stock „өы “А 
Antidumping Duty Administrative Reviews. 
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materials to the United States are listed in table 7. Results of 
appeals of import antidumping duty reviews made in 2012 are 
listed in table 8. 


U.S.-World Trade Organization (WTO) Chinese Raw 
Material Export Dispute Settlement Proceedings.—In January 
2012, the WTO Appellate Body affirmed the WTO Dispute 
Settlement Body decision in favor of the United States, which 
found that China's curbs placed on exports of various materials 
in 2009 were inconsistent with China's WTO obligations. As 
a result, the Chinese Government eliminated the 15% tax on 
silicon metal exports in December (Metal-Pages, 2012b; Office 
of the United States Trade Representative, 2012). 


World Industry Structure 


In 2012, the leading producers of ferrosilicon and silicon 
metal, combined, were China (7 Mt), Russia (1.1 Mt), Norway 
(420,000 t), and the United States (357,000 t, net production). 
Excluding the United States, world production of ferrosilicon, 
on a gross-weight basis, was estimated to have been 7.93 Mt 
in 2012 compared with 7.82 Mt (revised) in 2011. The major 
ferrosilicon producers in 2012 were, in decreasing order, China, 
Russia, Norway, and Brazil; together they accounted for 8796 of 
total world production (table 9). 

World production of silicon metal, excluding that from the 
United States, was estimated to have been 2.28 Mt in 2012 
compared with 1.76 Mt (revised) in 2011 (table 9). China was, 
by far, the leading producer of silicon metal in the world in 2012 
with an estimated 1.5 Mt; this was 6696 of the world total. Other 
major producers of silicon metal in 2012 were, in decreasing 
order, Norway, Brazil, and France; they accounted for 20% of 
total world production. 

New ferrosilicon and silicon metal projects scheduled for 


completion around the world from 2012-16 are listed in 
table 10. 


World Review 


Canada.—GSM acquired Becancour Silicon Metals Inc.'s 
51% ownership in Quebec Silicon Limited Partnership's (QSLP) 
(formerly Timminco Ltd.) 47,000-t/yr silicon metal plant in 
Becancour, Quebec Province. Dow Corning retained 4996 
ownership in the plant. With this acquisition, GSM became the 
sole merchant silicon metal producer in North America. Grupo 
Ferroatlántica S.L. acquired QSLP's solar-grade silicon business 
(Globe Specialty Metals, Inc., 2012b; Ryan's Notes, 2012). 

China.— China's exports of silicon materials in 2012 were 
significantly lower than those in 2011 because of lower global 
consumption requirements, particularly from the EU steel 
industry and the polycrystalline silicon industry in other parts of 
Asia. China's exports of ferrosilicon in 2012 decreased by 2796 
to about 454,000 t from 622,000 t exported in 2011. Ferrosilicon 
containing more than 55% silicon comprised the bulk of China's 
2012 ferrosilicon exports at 411,000 t. The leading countries of 
destination for this category of Chinese ferrosilicon were J apan 
(54%), the Republic of Korea (19%), the United States (5%), 
and India (296). Chinese export tariffs in 2012 for ferrosilicon 
remained at 25% (Metal-Pages, 2012b). China's exports of 
silicon metal also were significantly lower in 2012 compared 
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with those in 2011; they decreased by 18% to 480,000 t from 
584,000 t. The leading countries of destination for Chinese 
silicon metal were Japan (2596), the Republic of Korea (1996), 
and Thailand (796) (TEX Report, The, 2012a, b, c). 

One goal of China's 12th 5-year plan introduced in 2011 was 
the elimination of 7.4 Mt of outdated ferroalloys production 
capacity, which included ferrosilicon and silicon metal 
production in small electric arc furnaces (EAFs). Ferrosilicon 
and silicon metal production in EAFs of 6,300 kilovoltampere 
capacity would be phased out from 2011 to 2015 (Ferro-alloys. 
com, 2012a, b). 

Metal-Pages (2012c) reported that 10 ferroalloy producers 
in Ledu County, Qinghai Province, had incorporated into one 
group, Qinghai Jiutong Group, to jointly manage all operations. 
The combined operating capacity of the group was about 
600,000 t, mostly barium silicon, ferrosilicon, and silicon metal. 

Norway.—During April, Finnfjord AS shut down two 
furnaces at its 100,000-t/yr ferrosilicon plant in Finnsnes as part 
of a $132 million project to improve energy efficiency by about 
4096. The company estimated that about 6,000 t of ferrosilicon 
production was lost because of the project (Metal Bulletin, 
2012; Finnfjord, AS, 2013). 

South Africa.—In June, Silicon Technology (Pty.) Ltd. 
(Siltech), announced that it would indefinitely close its 
55,000-t/yr ferrosilicon plant in Ballengeich, Kwazulu Natal 
Province at yearend, owing to poor economic conditions and 
high electricity costs (Looklocal, 2012). 

Ukraine. —JS Company Privat Intertrading stopped 
ferroalloys production at its Stakhanov Ferroalloy Works and 
Zaporozhye Ferroalloy Works in December and November, 
respectively, owing to high energy tariffs that accounted for 
more than one-half of their operating costs (Metal-Pages, 
2012d, e). According to Roskill Information Services Ltd. (2011, 
p. 26, 35), ferrosilicon production capacity was 200,000 t/yr at 
Stakhanov and 120,000 t/yr at Zaporozhye. 

Uzbekistan.—1ln 2012, Uzbekistan began producing silicon 
metal. Uz-Kor Silicon LLC constructed a 12,000-t/yr 
silicon metal plant in the Navoi region at a cost of about 
$20.5 million. The company was a joint venture among the 
Republic of Korea's Ј5 Neoplant Co., Ltd. (50%), the Uzbek 
State Committee of Geology and Mineral Resources (25%), 
and OJSC Navoiazot, Uzebkistan's leading chemical company 
(2596) (UzDaily.com, 2012). 


Outlook 


Domestic and global consumption of ferrosilicon was 
expected to follow closely the trend in steel production, for 
which the annual growth rate has been typically in the range 
of 1% to 2% in the United States. Details of the outlook for 
the steel industry are discussed in the Outlook section of the 
Iron and Steel chapter of the 2012 USGS Minerals Yearbook, 
volume I, Metals and Minerals. According to the World Steel 
Association (2013a), raw steel production in 2012, compared 
with that in 2011, increased by 2.594 to 88.6 Mt in the 
United States and by 1.2% worldwide to 1.55 billion metric 
tons (Gt). Raw steel production in China, the world's leading 
producer of raw steel, increased by 3.1% to about 717 Mt. 
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World apparent consumption of finished steel products 
increased slightly to 1.4 Gt in 2012 from that in 2011. This was 
the smallest increase since 2009, when consumption decreased 
by 6.5%, and was caused mainly by decreased consumption 
in the EU. Even in China, the leading world consumer of steel 
products, apparent steel consumption slowed, increasing slightly 
to 646 Mt in 2012 from that in 2011. The combined steel 
consumption in the BRIC countries— Brazil, Russia, India, and 
China—also only increased slightly to 785 Mt; these countries 
accounted for about 55% of the world total. World steel apparent 
consumption was projected to increase slightly to 1.45 Gt in 
2013 from that in 2012, and to 1.5 Gt in 2014 (World Steel 
Association, 2013b). 

Demand for silicon metal comes primarily from the aluminum 
and chemical industries. Consumption of silicon metal by the 
U.S. aluminum castings industry was expected to mirror the 
short-term annual growth rate of 4% from 2012 through 2015 in 
aluminum casting sales, and the long-term annual growth rate 
of 3% from 2012 through 2021 (Modern Casting, 2013). GSM 
estimated that silicones account for 50% of the silicon metal 
consumption in the world, excluding China, Cuba, the former 
Soviet Union, and North Korea (Globe Specialty Metals, Inc., 
2013, p. 7). From 2011-16, the value of U.S. consumption for 
silicones was forecast to increase 5.6% annually to $4.1 billion. 
The tonnage of U.S. silicone consumption was projected to 
increase 4.8% annually during the same time period (Freedonia 
Group, Inc., The, 2012). 

World polycrystalline silicon capacity increased by 17% 
from that in 2011 to 280,000 t in 2012. In 2012, consumption of 
global polycrystalline silicon was estimated to be about 
200,000 t. Of that amount, the solar cell market accounted 
for about 93% and the semiconductor market, 7%. World 
production capacity for polycrystalline silicon was forecast 
to increase to about 491,000 t by 2015. However, in 2013 and 
early 2014, surplus capacity was expected to lead to further 
suspension of output in China and elsewhere in Asia (Roskill’s 


Letter from Japan, 2012; 2013). 
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TABLE 1 
SALIENT SILICON STATISTICS! 


(Contained silicon, unless otherwise noted) 


"Revised. do. Ditto. W Withheld to avoid disclosing company proprietary data. 

!Data are rounded to no more than three significant digits, except prices; may not add to totals shown. 

excludes semiconductor- and solar-grades of silicon metals. 

? fncludes ferrosilicon, miscellaneous silicon alloys, and silicon metal, excluding semiconductor and solar grades. 
^Ryan's Notes North American transaction prices based on weekly averages. 

5Platts Metals Week mean import prices based on monthly averages. 

SExcludes net production of ferrosilicon in the United States. 

"Excludes net production of silicon metal in the United States. 

8Includes total net production of ferrosilicon and silicon metal in the United States. 


TABLE 2 
PRODUCTION, SHIPMENTS, AND STOCKS OF SILICON 
ALLOYS AND METAL IN THE UNITED ЅТАТЕЅ"? 
(Metric tons, gross weight) 


Producers’ 


Gross Net stocks, 
production? shipments December 31 
2011: 
Ferrosilicon W W W 
Silicon metal W Ww W 
Total silicon materials" 455,000 ' 359,000 42,600 
2012: 
Ferrosilicon W W W 
Silicon metal W W W 
Total silicon materials 499,000 351,000 48,600 


"Revised. W Withheld to avoid disclosing company proprietary data. 

!Data are rounded to no more than three significant digits. 

2Includes ferrosilicon, miscellaneous silicon alloys, and silicon metal, excluding 
semiconductor and solar grades, unless otherwise noted. 

3Ferrosilicon production includes material consumed in the production of 
miscellaneous silicon alloys. 


‘January 2011 data included ferrosilicon and miscellaneous silicon alloys only. 
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127.34 


7,930 $ 
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10,600 ê 


2008 2009 2010 2011 
United States: 
Production: 
Ferrosilicon thousand metric tons 180 139 176 W 
Silicon metal do. W W W 
Total silicon materials" do. W W W 326 
Exports: 
Ferrosilicon do. 10 9 15 20 
Silicon metal do. 35 38 65 79 
Imports for consumption: 
Ferrosilicon do. 190 70 157 156 
Silicon metal do. 168 113 171 187 
Apparent consumption: 
Ferrosilicon do. 352 207 312 W 
Silicon metal? do. W W W W 
— Totalsilicon materials — 4 W W W 564 ' 
Price, average: 
Ferrosilicon, 50% Si^ cents per pound 115.86 76.93 109.33 111.30 
— Femoslicon 75% Si — do. 108.71 68.91 97.18 102.20 
О Silionmeabh № 162.29 116.37 140.05 157.57 
World production, gross weight: _________ 
__Еепозћеоп thousand metric tons 7,320 ' 7,280 ' 7,890 ' 7,820 "é 
“Silicon metal — 1 1 11e 1,770" 1,550 ' 1,800 ' 1,760 ^? 
Total silicon materials” do. 9,090 ©? 8,830 *' 9,690 5 ' 9,950 "* 
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TABLE 3 
PRINCIPAL PRODUCERS OF SILICON ALLOYS AND (OR) SILICON 
METAL IN THE UNITED STATES IN 2012! 


Producer Plant location Product 
CC Metals and Alloys, Inc. Calvert City, KY Ferrosilicon. 
Globe Metallurgical, Inc.” Alloy, WV Ferrosilicon and silicon metal. 
Do. Beverly, OH Do. 
Do. Bridgeport, AL Ferrosilicon. 
. Do. Niagara Falls, NY Silicon metal. 
Do. Selma, AL Do. 
Dow Corning Corp. Mt. Meigs, AL Do. 


Do. Ditto. 


!' Silicon metal producers exclude semiconductor- and solar-grade silicon manufacturers. 
^Owned by Globe Specialty Metals, Inc. 


TABLE 4 
REPORTED CONSUMPTION, BY END USE, AND STOCKS OF SILICON FERROALLOYS AND METAL IN THE 
UNITED STATES IN 2012'? 


(Metric tons, gross weight) 


Silvery 


Ferrosilicon, — Ferrosilicon, Silicon Miscellaneous Silicon 
End use pig iron” 5094" 75%) metal® silicon alloys’ ^ carbide? 

Steel: 

_ Carbon and high-strength, low-alloy "E (9) 42,900 30,400 (10) 1,650 (10) 
Stainless and heat-resisting -- (10) 45,000 286 (10) (10) 
Full alloy -- 8,340 10,600 (10) (10) — 

. Electric and tool -- -- (10) -- -- (10) 
Unspecified -- 689 32,000 1,250 225 5,140 

____ Гога! -- 52,000 118,000 1,540 1,870 5,140 

Cast irons 12,500 25,700 21,200 (11) 15,900 16,700 

Superalloys -- (11) 749 169 -- -- 

Alloys, excluding superalloys and alloy steel (9) (11) (11) 27,700 12 -- (11) 

Miscellaneous and unspecified FE 1,970 198 — 160,000 13 (9) (9) 
Grand total | 12,500 79,600 140,000 189,000 17,700 21,800 

Consumers' stocks, December 31 366 1,180 8,040 3,240 534 878 

-- Zero. 


"Data are rounded to no more than three significant digits; may not add to totals shown. 

?Includes U.S. Geological Survey estimates. 

“Typically 18% silicon content but ranges between 5% to 24% silicon content. 

“Typically 48% silicon content but ranges between 25% to 55% silicon content; includes briquets. 
“Typically 76% silicon content but ranges between 56% to 95% silicon content; includes briquets. 

T ypically 98% silicon content but ranges between 96% to 99% silicon content. 

‘Typically 48% silicon content, Primarily magnesium-ferrosilicon but also includes other silicon alloys. 


“Typically 64% silicon content but ranges between 63% to 70% silicon content. Does not include silicon carbide for abrasive or refractory uses. 


“Included with “Cast irons,” to avoid disclosing company proprietary data. 
Included with “Steel: Unspecified,” to avoid disclosing company proprietary data. 


"Included with “Miscellaneous and unspecified,” to avoid disclosing company proprietary data. 
"Primarily aluminum alloys. 


Primarily silicones and other chemicals. 
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TABLE 5 


U.S. EXPORTS OF FERROSILICON AND SILICON METAL IN 2012: 


(Metric tons, unless otherwise specified) 


Country 
Ferrosilicon: 
More than 55% silicon: 
Brazil 
Canada 
Colombia 
Germany 
Hong Kong 
Japan 
Malaysia 
Mexico 
Spain 
Turkey 
Other (2 countries) 
Total 
Other ferrosilicon: 
Brazil 
Canada 
Colombia 
Japan 
Korea, Republic of 
Mexico 


eee —— 


Taiwan 


"Ehe Ai 


Thailand 
Turkey 
United Kingdom 
Other (8 countries) 
Total 
Total ferrosilicon 
Metal: 
More than 99.99% silicon: 
China 
Germany 
Hong Kong 
Italy 
Japan 
Korea, Republic of 
Malaysia 


____--=--2 M 


Norway 


PEU Sou MEE 


Singapore 


Nee ЕЗ „..ә———— 


Taiwan 
Other (45 countries) 
Total 
99,00–99.99% silicon: 
China 


Japan 

Korea, Republic of 
Malaysia 
Netherlands 
Nicaragua 


aS РО == 


Могмау 


OE у. с—є——— 


Taiwan 

United Arab Emirates 
United Kingdom 
Other (12 countries) 


меои 


Тога! 


oe ее 


 Otersliom а-аа 


Салада 
See footnotes at end of table. 


Gross 
weight 


15,200 


116 
1,520 
79 
218 
576 
1,490 
42 
78 
915 
175 
155 


5,370 


20,600 


27,900 
3,100 
186 
248 
13,600 
2,900 
750 
423 
1,650 
4,650 
265 
55,600 


752 
1,870 
5,760 

504 

20 
21 
36 
58 
20 

538 

118 
9,700 


4,460 


Contained 


weight 


3 
9,750 


2,470 
12,200 


27,900 
3,100 
186 
248 
13,600 
2,900 
750 
423 
1,650 
4,650 
265 


Value 


$163,000 
10,300,000 
90,700 
16,500 
7,580 
7,140,000 
7,620 
4,750,000 
297,000 
14,300 
15,200 
22,800,000 


280,000 
3,210,000 
238,000 
536,000 
741,000 
3,720,000 
60,200 
214,000 
1,940,000 
348,000 
315,000 
11,600,000 
34,400,000 


653,000,000 
92,100,000 
3,930,000 
15,800,000 
625,000,000 
145,000,000 
60,400,000 
17,600,000 
37,600,000 
159,000,000 


28,800,000 


55,600 1,840,000,000 


752 
1,550 
5,700 

499 

20 
21 
36 
57 
20 

535 

117 
9,300 


4,330 
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808,000 
5.380,000 
18,600,000 
438,000 
26,500 
29,600 
98,100 
96,200 
52,000 
1,240,000 
215,000 
27,000,000 


14,000,000 
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TABLE 5—Continued 
U.S. EXPORTS OF FERROSILICON AND SILICON METAL IN 2012"? 


(Metric tons, unless otherwise specified) 


Gross Contained 
Country weight weight Value 
Metal—Continued: 
Other silicon—Continued: 
China 2,450 2,200 9,320,000 
Germany 77 75 109,000 
Hong Kong 75 73 390,000 
Japan 958 808 7,680,000 
Korea, Republic of 208 202 512,000 
Malaysia 1,280 1,240 1,700,000 
Mexico 866 841 2,430,000 
Netherlands 104 101 102,000 
Taiwan 169 164 488,000 
Other (21 countries) 208 201 541,000 
Total 10,900 10,200 37,300,000 
Total silicon metal 76,200 75,200 1,900,000,000 


Countries listed are the leading importers in terms of quantities (gross weight). 
Data are rounded to no more than three significant digits; may not add to totals 
shown. 


Source: U.S. Census Bureau. 
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TABLE 6 
U.S. IMPORTS FOR CONSUMPTION OF FERROSILICON AND SILICON METAL 
IN 2012? 


(Metric tons, unless otherwise specified) 


И ee SS SS SSS SS SS 


Gross Contained 
Country weight weight Value 
Ferrosilicon: 
55%-80% silicon, more than 3% Ca: 

Brazil 1,230 918 $2,170,000 

China 1,750 1,300 2,800,000 

France 224 142 611,000 

Germany 31 19 78,400 

India 52 39 125,000 

South Africa 43 34 34,800 

Vietnam 100 75 110,000 

Total 3,440 2,520 5,930,000 
55%—80% silicon, other: 

Brazil 1,920 1,440 2,890,000 

Canada 12,500 9,200 33,200,000 

China 35,800 27,000 49,200,000 

Egypt 1,430 1,060 2,010,000 

France 2,260 1,600 5,940,000 

Iceland 5,880 4,420 8,170,000 

Norway 4,530 3,470 6,130,000 

Russia 112,000 85,200 153,000,000 

South Africa 3,550 2,630 5,840,000 

Venezuela 27,900 21,100 39,500,000 

Other (5 countries) 1,240 899 4,780,000 

Total 209,000 158,000 311,000,000 
80%–90% ferrosilicon, Germany 255 211 256,000 
More than 90% ferrosilicon, Denmark 44 41 17,300 
Magnesium ferrosilicon: 

Argentina 1,110 500 1,840,000 

Brazil 456 208 1,070,000 

Canada 12,600 5,660 26,600,000 

China 2,080 957 4,280,000 

France 504 242 711,000 

Germany 35 14 56,900 

Hong Kong 60 26 130,000 

Iceland 7 4 45,300 

India 457 219 751,000 
_ Norway 128 60 200,000 

Total 17,500 7,890 35,800,000 
Other ferrosilicon: 

Brazil 44 22 205,000 

Canada 9,340 2,760 12,200,000 
. China 9.460 1,440 7,110,000 

France 29 14 88,300 

Germany 247 107 454,000 

India 45 20 47,900 

Poland 19 9 29,500 

Total 19,200 4,370 20,100,000 
Total ferrosilicon 250,000 173,000 373,000,000 

Metal: 
More than 99.99% silicon: 

Canada 171 171 554,000 
"e ыыы: 183 183 4,800,000 
T нЕ = 19 19 1,460,000 

Germany 1,460 1,460 98,000,000 

Italy 11 11 923,000 

Japan 215 215 19,600,000 

Korea, Republic of 340 340 22,400,000 


See footnotes at end of table. 
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TABLE 6—Continued 
U.S. IMPORTS FOR CONSUMPTION OF FERROSILICON AND SILICON METAL 
IN 2012'? 


(Metric tons, unless otherwise specified) 


Gross 
Country weight 
Metal—Continued: 
More than 99.99% silicon—Continued: 
Malaysia 37 
Spain 8 
Taiwan 56 
Other (14 countries) 20 
Total 2,580 
99.00%—99.99% silicon: 
Australia 12,900 
Brazil 35,800 
Canada 13,500 
France 546 
Kazakhstan 720 
Netherlands 360 
Norway 7,180 
South Africa 30,500 
Spain 1,140 
Thailand 6,590 
Other (5 countries) 137 
Total 109,000 
Other silicon: 
Australia 1,870 
Belgium 180 
Brazil 6,760 
Canada 14,400 
China 163 
France 559 
Germany 265 
Japan 441 
Norway 614 
United Kingdom 68 
Other (4 countries) 78 
Total 25,400 
Total silicon metal 137,000 


! Countries listed аге the leading exporters in terms of quantities. 


Contained 


weight 


20 
2,580 


12,800 
35,600 
13,400 
541 
715 
358 
7,130 
30,200 
1,130 
6,550 
87 
109,000 


1,840 
173 
6,680 
14,200 
133 
551 
254 
349 
594 

67 

66 
24,900 
136,000 


Value 


4,020,000 
54,700 
2,670,000 
2,290,000 
157,000,000 


37,100,000 
97,200,000 
37,500,000 
1,470,000 
1,740,000 
1,700,000 
33,000,000 
97,500,000 
3,690,000 
16,800,000 
504,000 
328,000,000 


5,910,000 
385,000 
19,800,000 
37,000,000 
339,000 
1,420,000 
302,000 
910,000 
1,040,000 
159,000 
223,000 
67,500,000 
552,000,000 


раја are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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Country and commodity* 
Argentina, ferrosilicon® 
Australia, silicon metal 
Bhutan, ferrosilicon” 
Bosnia and Herzegovina:” 

Ferrosilicon 
Silicon metal 
Total 
Brazil: 
Ferrosilicon 
Silicon metal 
Total 


6 


Bulgaria, ferrosilicon‘ 
Canada: 
Ferrosilicon 
Silicon metal 
Total 
China: 
Ferrosilicon 
Silicon metal 
Total 


Egypt, ferrosilicon‘ 


Егапсе:“ 
Ferrosilicon 
Silicon metal 
Total 
Germany, silicon metal 
Iceland, ferrosilicon 


India, ferrosilicon® 
Iran, ferrosilicon 
Kazakhstan: 


eerie 


Ferrosilicon 
Silicon metal 
Total 


А —————— 


ы .6 
Laos, silicon metal" 


aus, SHIVJI пе 


Macedonia, ferrosilicon 
Norway: 


аи 


Ferrosilicon 
Silicon metal 
Total 


____-- --____________________—----- 


Peru, ferrosilicon* 


d LU, КЛЕ 11 ee 


Poland, ferrosilicon 


Виза: 
Ferrosilicon 
Silicon metal 
Total 
Slovakia, ferrosilicon 
South Africa: 
Ferrosilicon 
Silicon metal 


Total 


Spain 
Ferrosilicon 
Silicon metal 

Total 


Sweden, ferrosilicon 
See footnotes at end of table. 
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TABLE 9 
FERROSILICON AND SILICON METAL: WORLD PRODUCTION, BY COUNTRY"? 


f 


T 


(Metric tons, gross weight) 

2008 2009 2010 2011* 2012* 
10,400 11,300 11,000 11,000 11,000 
35,000 30,000 30,000 30,000 30,000 
30,824 90,798 97,528 94,000 94,000 

640 470 870 1,800 = 
12,400 11,000 17,300 17,500 15,900 
13,000 11,500 18,200 19,300 15,900 

144,832 7 145,000 145,000 145,000 145,000 
131,940 7 132,000 132,000 132,000 ' 133,000 
276,772 ' 277,000 277,000 277,000 ' 278,000 

6,000 3,000 is 2 » 
35,000 25,820 ' 36,786 ' 31,039 7 31,979 ' 
50,000 30,000 30,000 30,000 35,000 
85,000 55,800 66,800 61,000 67,000 

4,900,000 5,100,000 5,300,000 5,400,000 5,500,000 
1,100,000 ' 993,000 ' 1,140,000: 1,050,000 ' 1,500,000 
6,000,000 ' 6,090,000 ' 6,440,000 ' 6,450,000 ' 7,000,000 
59,000 78,000 78,000 78,000 78,000 
30,000 18,300 27,000 59,000 71,000 
118,000 80,000 112,000 128,000 130,000 
148,000 98,000 139,000 187,000 201,000 
29,092 27,620 30,105 30,134 7 30,000 
107,882 ' 112,993 114,231 120,076 ' 115,000 
92,000 101,337 ? 101,000 105,000 108,000 

NA‘ МА ' NA‘ NA‘ NA 
54,964 33,100 4,813 1,683 "7 496 ? 

== Ee 1,500 8,000 18,000 7 
54,964 33,100 6,313 9,683 "7 18,496 7 

3,020 7,350 7,770 3,001 "7 15,281 7 

42,674 7,657 30,044 56,167 ' 42,402 7 
185,344 € 233,974 ' 225,000 ' 170,102 ^" 220,000 
155,000 ' 150,000 ' 170,000 175,000 "7 200,000 
340,344 ' 383,974 ' 395,000 ' 345,102 ^7 420,000 

600 600 600 600 600 

850,000 745,000 916,000 1,030,000 ©? 1,050,000 

54,000 23,900 48,700 52,000 ' 52,000 
904,000 769,000 965,000 1,080,000 ' 1,100,000 
134,500 110,400 127,500 124,300 ^? 120,000 

51,800 ' 38,600 ' 46,400 ' 58,800 °7 55,000 

74,000 44,000 64,400 57,000 42,000 

33,000 23,000 32,500 43,000 62,000 
107,000 67,000 97,000 100,000 104,000 


67.13 


| 


67.14 


TABLE 9—Continued 
FERROSILICON AND SILICON METAL: WORLD PRODUCTION, BY COUNTRY '?? 


(Metric tons, gross weight) 


Country and commodity" 2008 2009 2010 2011* 2012* 
Turkey, ferrosilicon? 4,500 4,000 4,000 4,000 4,000 
Ukraine, ferrosilicon 152,800 150,300 195,500 150,900 7 119,400 ' 
United States: 

Ferrosilicon 248,000 194,000 246,000 * (8) (8) 
Silicon metal W W W (8) (8) 
Total 248,000 194,000 246,000 ' 370,000 ^^9.0 357,000 7%! 
Uruguay, ferrosilicon МА ' МА ' МА ' NA' NA' 
Uzbekistan, silicon metal -- -- -- — 1,700 
Venezuela, ferrosilicon? 88,000 52,100 76,800 70,000 81,000 
Grand total 9,090,000 ' 8,830,000 " 9,690,000 * 9,950,000 ^ !! 10,600,000 !! 
Of which: 
Ferrosilicon 7,320,000 ' 7,280,000 ' 7,890,000 ' 7,820,000 ^ '? 7,930,000 '? 
Silicon metal 1,770,000 ' 1,550,000 ' 1,800,000 ' 1,760,000 ^? 2,280,000 P 
U.S. total silicon materials ' -- " -f -- " 370,000 7.7.9. 10 357,000 7.9.10 


*Estimated. ‘Revised. W Withheld to avoid disclosing company proprietary data; not included in “Total.” NA Not available. -- Zero. 


World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
"Table includes data available through August 8, 2013. 


?Excludes semiconductor and solar grades of silicon metal. 

^In addition to the countries listed, Iran and Uruguay are thought to have produced ferrosilicon, but production information is 
inadequate for the formulation of estimates of output levels. 

Exports. 

Ме! exports. 

"Reported figure. 

35Data withheld to avoid disclosing company proprietary information; data undifferentiated and included in “Total.” 
?Includes undifferentiated ferrosilicon and silicon metal to avoid disclosing company proprietary data. 

For 2011 and 2012, data include ferrosilicon and silicon alloys. 

!!' Includes total U.S. net production of ferrosilicon and silicon metal. 

2 xcludes total U.S, net production of ferrosilicon. 

DExcludes total U.S. net production of silicon metal. 
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TABLE 10 
SILICON MATERIALS: PROJECTS SCHEDULED FOR COMPLETION, ВУ YEAREND 2016" #3 


(Metric tons, gross weight, unless otherwise specified) 


Incremental Total 
Projected annual annual 
year of first production production Silicon 
production Country Project and company Project type capacity capacity product" 
2012! Australia Simcoa Silicon Plant silicon plant expansion 16,000 48,000' Si. 
Simcoa Operations Pty., Ltd. 
2012 China Ferroatlántica Sichuan Silicon Plant new silicon smelter XX 42,000 Do. 
Ganzi Ferroatlántica Silicon Industry Co., Ltd. 
2012 Do. Jingcheng Silicon Plant do. XX 100,000 Do. 
Uyunnan Ruili Jingcheng Group 
2012 Do. Mangshi Silicon Plant reconstructed silicon 30,000 * 50,000 Do. 
Mangshi Sinice Silicon Industry Company Ltd. рат 
2012 India Amit Ferroalloys Plant’ new ferroalloys plant XX 19,800  FeSi. 
i Amit Ferro-Alloys & Steel Pvt. Ltd. "m" 
2012 Malaysia Banting Silicon Plant new silicon plant XX 50,000 Si. 
Elpion Co., Ltd. 
2012 Sweden Vargón Alloys Ferroalloys Plané ferroalloys plant conversion XX 25,000 FeSi. 
Vargón Alloys AB 
2012 Uzbekistan Navoi Silicon Plant new silicon plant XX 12,000 Si 
Uz-Kor Silicon LLC? — 
2013 China ERDOS Qipanjing Plant silicon plant expansion 50,000 650,000 Ее$і. 
ERDOS Group 
2013 Do. Ferroatlántica Sichuan Silicon Plant do. 42,000 "° 84,000 "“ Si. 
Ganzi Ferroatlántica Silicon Industry Co., Ltd." 
2013 Malaysia Pertama Ferroalloys Plant'? new ferroalloys plant XX 60,000 © Fesi. 
Pertama Ferroalloy SDN BHD { 
2013' Russia Bratsk Ferroalloy Plant ferroalloys plant expansion 34,800 122,000 Do. 
= Mechel OAO 
2013 Do. Chelyabinsk Electrometallurgical Integrated do. 300,000 600,000 * Do. 
Plant OAO 
Chelyabinsk Group _ КЕ 
2013 Ро. vue Plant do. 70,000 150,000 Do. 
— JSC? Kuznetsk Ferroalloys 
2013 Sweden Elkem Salten Plant ferroalloys plant conversion XX 20,000 Si. 
БОР Elkem AS | | 
2013 Uzbekistan Angren Silicon Plant | new silicon plant XX 5,000 Do. 
= Uz-Shingdong Silicon LLC" 
2014 China Ferroatlántica Sichuan Silicon Plant silicon plant expansion 44,000 * 128,000 ^* Do. 
Ganzi Ferroatlántica Silicon Industry Со., Ltd.” 
2014* Malaysia ^ Asia Cement Silicon Plant | new silicon plant XX 33,000 Do. 
EXE Asia Cement Co., Ltd. 
2014 Do. Banting Silicon Plant silicon plant expansion 50,000 100,000 Do. 
ESI Ку Elpion Co., Ltd. "M 
2014 Do. Sarawak Ferroalloys Plant? new ferroalloys plant XX 310,000*  FeSi. 
OM Materials (S) Pte Ltd. (8096) and Cahya 
Mata Sarawak Berhard (20%) 
2015 Iceland PCC Silicon Plant new silicon plant XX 32,000 Si. 
T" PCC" BakkiSilicon 
2015 Do. Thorsil Silicon Plant D do XX 53,000 Ро. 


Thorsil ehf 
“Estimated. "Revised. Do., do. Ditto. XX Not applicable. 
'Estimated data are rounded to no more than three significant digits. 
“Excludes silicon metal containing more than 99.99% silicon. 
*Projects in feasibility or later stages of development in mid-2013. Actual startup dates may be postponed, owing to economic or other factors. 
Additional projects might produce silicon materials by 2016, but not enough information was available to include them. 
*FeSi Ferrosilicon and Si Silicon metal (containing 99.99% or less Si). 


SILICON—2012 
67.15 


Google 


67.16 


TABLE 10—Continued 
SILICON MATERIALS: PROJECTS SCHEDULED FOR COMPLETION, BY YEAREND 2016'?? 


"Owned by Grupo Ferroatlántica, S.L. 


бА joint-venture between Grupo Ferroatlántica, S.L. (75%) and Ganzi Perfecture Kangding Sunday Silicon Co., Ltd. (25%). 


"The Amit ferroalloys plant will also have a ferromanganese production capacity of 55,400 metric tons per year (t/yr) and a silicomanganese production 
capacity of 39,600 t/yr. 


*One 30,000-metric-ton-per-year ferrochromium furnace will be converted to ferrosilicon production. 
ЗА joint-venture between JS Neoplant Co. Ltd. (5096), the Uzbek State Committee on Geology and Mineral Resources (2596), and OJSC 
Navoiazot (25%). 


Тре Pertama ferroalloys plant will have a 174,000-metric-ton-per-year capacity (revised) to produce medium- and low-carbon ferromanganese and 
silicomanganese. 


DA joint-venture between Shindong Епегсот, Inc. (5096) and the Uzbek State Committee on Geology and Mineral Resources (50%). 


"The Sarawak ferroalloys plant will also have а silicomanganese production capacity of 300,000 t/yr. 
Petro Carbo Chem. 


Sources: Company annual reports, presentations, and press releases; unpublished personal communications; and trade publications. 
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SILVER 
By Florence C. Katrivanos 


Domestic survey data and tables were prepared by Jesse J. Inestroza, statistical assistant, and the world production table 


was prepared by Glenn J. Wallace, international data coordinator. 


In 2012, U.S. mines produced 1,060 metric tons (t) of 
silver, which was 6% less than production in 2011. Silver 
was produced in 11 States in 2012, and Alaska remained the 
country's leading silver-producing State, followed by Nevada 
and Idaho. Approximately 99% of domestic silver was produced 
from 10 base-metal mines and from 12 precious-metal mines, 
including 3 mines that produced silver as the principal product 
(table 3). The Handy & Harman price of silver averaged 
$31.21 per troy ounce in 2012, an 11% decrease compared with 
the 2011 average price of $35.26 (table 1). 

Traditional use categories for silver included coin and 
medal fabrication; industrial applications, including electrical 
and electronics components; jewelry and silverware; and 
photography. In 2012, global use of silver in all applications 
declined, with the largest declines in photography, down by 
13%; and coin minting, down by almost 22% (Meader and 
others, 2013, p. 49). 

U.S. imports of silver bullion and dore decreased by 20% to 
5,060 t in 2012. The principal import sources of bullion and dore 
were, in descending order, Mexico (6196) and Canada (2796) 
(table 6). Exports of silver bullion and dore, which increased 
for the third consecutive year, increased by 2496 to 905 t in 
2012. Principal destinations in 2012 were, in descending order, 
the United Kingdom (40%), Mexico (28%), Japan (10%), and 
Canada (9%) (table 4). 

In 2012, silver was mined in approximately 65 countries; 
global production was 696 greater than that in 2011. Mexico 
was the leading producer, followed by China and Peru. One- 
half of the world's production of silver came from these three 
countries. The United States ranked ninth in world silver mine 
production in 2012 (table 8). 


Legislation and Government Programs 


On September 30, 2012, the amount and value of Deep 
Storage and Working Stock custodial silver reserves in the 
U.S. Mint were 498 t with a total market value of $554 million 
at $34.65 per troy ounce and a statutory value of $20.7 million. 
As custodian, the U.S. Mint is responsible for safeguarding 
much of the Nation’s gold and silver. In accordance with 31 
U.S. Code section 5117(b) and 31 U.S. Code section 51 16(b)(2), 
a statutory rate of no less than $1.292929292 per troy ounce was 
used to value the custodial silver held by the U.S. Mint (U.S. 
Mint, 2012, p. 42). 

The U.S. Mint was the world’s largest producer of silver 
bullion coins. The bullion program allows consumers to acquire 
precious metal coins and investors are guaranteed each coin’s 
metal weight, content, and purity. The U.S. Mint also produced 
numismatic products for collectors who desire high-quality 
versions of coinage. The Philadelphia Mint manufactured the 
large, five-ounce America the Beautiful Silver Bullion Coins 
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and the San Francisco Mint supplemented West Point’s capacity 
for one-ounce American Eagle Silver Bullion Coins. In 2012, 
the U.S. Mint brought to market several new silver coin sets 
including expanding the popular American Eagle Silver line of 
products with the American Eagle 25th Anniversary Set, the 
American Eagle San Francisco Two-Coin Silver Proof Set, as 
well as the Making American History Coin and Currency Set, 
which features an American Eagle Silver Proof Coin (U.S. 
Mint, 2012, p. 6). 

In fiscal year (FY) 2012 ending September 30, lower unit 
volumes and lower silver prices resulted in a 29.1% decline in 
silver bullion coin revenue. Revenue from sales of American 
Eagle Silver Bullion Coins containing a total of 1,050 t of 
silver decreased by 25% to $1.1 billion as demand declined. 
The U.S. Mint reported operating losses for both the American 
Eagle Silver Bullion Coins and the America the Beautiful Silver 
Bullion Coins. Most of the losses were attributed to the U.S. 
Mint’s decision to produce coins at the San Francisco Mint that 
carried higher operating costs. In 2012, the U.S. Mint scaled 
back production of the America the Beautiful Silver Bullion 
Coins to reflect demand; however, excess inventories of these 
coins remained unsold (U.S. Mint, 2012, p. 2, 15-16). 


Production 


Domestic mine production data were requested from 
40 operations. Of these operations, 38 responded to the U.S. 
Geological Survey (USGS) canvass, representing 10096 of U.S. 
mine production listed in table 1. Domestic mines produced 
1,060 t of silver in 2012, which was 696 less than that in 2011. 

Silver in the United States was mainly produced as a 
byproduct from gold and base-metal ores, although silver 
was produced as a principal product at three mines: Coeur 
d'Alene Mines Corp.'s (Coeur d’Alene, ID) Rochester Mine 
near Winnemucca, in northwestern Nevada; U.S. Silver and 
Gold Inc.’s (Toronto, Ontario, Canada) Galena Mine in Idaho’s 
Coeur d’Alene mining district, and U.S. Silver and Gold’s 
Drumlummon Mine in the Marysville mining district, about 
40 kilometers (km) northwest of Helena, MT. In 2012, Nevada’s 
silver production increased by 20% from that of 2011. In 
addition to the Rochester silver mine, 15 gold mines in Nevada 
produced byproduct silver. Of these, production increased at 
9 mines and production declined at 6 mines. 

In 2012, Hecla Mining Co.’s (Coeur d’Alene, ID) Greens 
Creek Mine on Admiralty Island near Juneau, AK, produced 
199 t of silver, a slight decrease from the 202 t produced in 2011 
owing to lower ore grades and rehabilitation work during the 
first half of the year. The mine's proven and probable reserves 
at yearend 2012 were 2,940 t of silver (Hecla Mining Co., 
2013). In February, the company announced that drillin g defined 
two high-grade areas within the Gallagher zone with good 


exploration potential that could extend the mine to the south 
(Hecla Mining Co., 2012а). 

In January, the Mine Safety and Health Administration 
ordered the closure of Hecla's Silver Shaft at the Lucky Friday 
Mine, near Mullan, ID. The order was issued for removal of 
built-up material in the Silver Shaft following a December 2011 
rock burst. The Silver Shaft is 1.6-km deep and the primary 
access to the Lucky Friday Mine (Hecla Mining Co., 2012b). 

In November, the company announced that rehabilitation of 

the Silver Shaft had proceeded according to schedule and 

that the mine was expected to resume silver production in the 
first quarter of 2013 (Hecla Mining Co., 2012c). The Lucky 
Friday Mine remained in care-and-maintenance status and did 
not produce silver in 2012. At yearend, the mine's proven and 
probable silver reserves were 1,700 t (Hecla Mining Co., 2013). 

In 2012, Coeur d'Alene Mines' Rochester Mine doubled 
silver production to 87.1 t owing to the development of a heap 
leach pad. The company planned to further increase production 
through additional heap leach capacity and adding a larger 
crusher in 2013 (Coeur d'Alene Mines Corp., 2013). Rio Tinto 
plc's (London, United Kingdom) Bingham Canyon Mine, 53 km 
from Salt Lake City, UT, produced 75 t of silver, a decrease of 
24.9 t, or 2596, from that of 2011. The decrease was attributed to 
lower grades of ore (Kennecott Utah Copper Corp., 2013a, b). 


Consumption 


Fabrication consumption of silver in the United States 
was 5,555 t, a decline of 7% compared with 5,945 t in 2011. 
Consumption in every silver fabrication sector declined, with a 
substantial decrease in photovoltaic cell fabrication (Meader and 
others, 2013, p. 49, 84). 

Coin and Medal Fabrication.—Approximately 1,084 t of 
silver was used for coins and medals in the United States in 
2012, а 15% decrease from the 1,276 t of silver used in 2011. 
The decrease in coin sales in the United States resulted from 
decreased investor interest in physical silver and declining 
silver prices. The absence of inflation pressure and investor 
expectations for higher silver prices during the first 9 months 
of the year reportedly reduced new investor interest in silver 
(Meader and others, 2013, p. 23). | | 

Industrial Applications. —Approximately 3,008 t of silver 
was used in the United States for industrial applications, a 
4% decrease from the 3.743 t of silver that was used for those 
applications in 2011 (Meader and others, 2013, р. 86). Тће 
principal components of industrial demand for silver were 
brazing alloys and solders, catalysts, electrical, electronic | 
(including photovoltaics), and other applications. Adding siyer 
to the process of soldering (joining metals at less than 600° C) 

brazing (joining metals at more than 600 ©) helps produce 
сз h. leak-tight and corrosion-resistant Joints. One of silver's 
M nificant industrial applications was for conductive 
ines hotovoltaics. Silver paste, which was used in 90% of 
jme а silicon photovoltaic cells—the most common type 
ite || ћаз been a growth market in the United States for 
eras | years. In 2012, decreased consumption in the 
mene жоне was attributed to substitution and decreased 
i pde odii New technology in the production of solar 
us 


68.2 


Google 


cells used thin-film layers that require less silver than previous 
thick-film layers. 

As a catalyst, silver mesh screens or crystals are used to 
produce ethylene oxide and formaldehyde, both of which are 
essential ingredients in plastics. Approximately 90% of the 
silver used as an industrial catalyst was for the production of 
ethylene oxide from ethylene. 

One of silver's electronic applications was in batteries. The 
most common silver oxide battery was the small button-cell 
battery used in calculators, cameras, hearing aids, toys, and 
watches, and which contains about 359^ silver by weight. 
Because of environmental and safety concerns, silver oxide 
batteries also were beginning to replace lithium-ion batteries 
in mobile phones and laptop computers. Silver-zinc batteries 
featured a water-based chemistry and contained no lithium or 
flammable liquids. Some larger silver-oxide and silver-zinc 
batteries were used in military applications. Silver was also used 
in conductors, contacts, fuses, switches, and timers. 

Silver membrane switches were used in buttons on electronics 
such as computer keyboards, microwave ovens, telephones, 
televisions, and toys. Silver-based inks and films were applied to 
composite boards to create electrical pathways in printed circuit 
boards. Silver-based inks also were used in radio frequency 
identification (RFID) tags used in hundreds of millions of 
products to prevent theft and allow easy inventory control. 
Owing to silver's antibacterial properties, silver was also used 
in such products as clothing, laundry machines, shoes, and 
toothbrushes. Silver embedded in locker room surfaces was used 
to reduce staph infections, and silver-based disinfectants have 
been introduced as a low-cost, environmentally sensitive option 
for use in care centers and food processing facilities. 

Jewelry and Silverware.—In 2012, U.S. consumption of 
silver for jewelry and silverware was 342 t, an 8% decrease 
compared with the 370 t used in 2011. Jewelry fabrication: 
declined by 796 to 321 t from the 345 t used in 2011. Despite 
the decline, the U.S. jewelry market continued to be the 
largest in the world. Global silver consumption for jewelry. 
decreased slightly as increased demand from China and India 
was offset by decreases in demand from Europe and Thailand. 
U.S. consumption of silver for silverware decreased by 1370 
to 21 t from that in 2011. This decrease in silver consumption 
marked the 17th year that this market has declined. Since get 
consumption of silver in silverware has decreased by about 50% 
(Meader and others, 2013, p. 67-68, 92, 94). _ : 

Photography.—Silver was one of the essential materials 
used in the manufacture of films and photographic papers. The 
decline in the use of silver for photography began In n 
response to digital camera technology and the ice A 
production of color film and paper. Domestic ust Bb e e 
photographic applications declined by 6% to 521 tin al 
from 556 t in 2011, which was less than the average annu ina 
decline of 18% since 2006. Although use in photographie m 
(35 millimeter) declined by 25% in 2012, the slower iie 7 
decline resulted from a slow switch by motion piene bin 
digital format from film owing to limited ii js 

ther photographic-us 
(Meader and others, 2013, p. 64). Other p ‘ental and 
categories included commercial photography, : 
industrial x rays, graphic arts, and medical x rays. 
K—2012 
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Prices and Stocks 


The Handy & Harman silver price began the year at 
$29.50 per troy ounce, reached its high for the year of 
$36.88 per troy ounce on February 28, and then followed 
a downward trend in the second and third quarters before 
rebounding in the last quarter to end 2012 at $29.99 per troy 
ounce, approximately where it started the year. The average 
price for 2012 of $31.21 per troy ounce was 11% lower than 
the 2011 average (table 1). According to the CPM Group (2013, 
p. 5, 25), investment demand, traditionally a significant driver 
of prices, increased by 32% to 3,810 t in 2012 and was the sixth 
highest on record. Increases in silver exchange-traded products 
and Chinese demand were cited as the primary reasons for 
investment demand growth. Investors purchase silver during 
times of concern over fiscal, monetary, and political issues as 
a hedge against inflation and currency losses. Global silver 
inventories in various exchange-traded funds increased by 896 to 
approximately 19,330 t at yearend 2012 compared with 17,920 t 
at yearend 2011 (Meader and others, 2013, p. 21). 


Foreign Trade 


U.S. imports of bullion and dore (table 6) decreased by 20% 
to 5,060 t in 2012. The principal import sources of bullion and 
dore were Mexico (6196) and Canada (2796). Exports of silver 
bullion and dore (table 4) increased by 2496 to 905 t in 2012. 
Principal destinations were the United Kingdom (40%), Mexico 
(28%), Japan (10%), and Canada (9%). 


World Review 


World mine production of silver increased to 25,500 t in 2012, 
a 676 increase from production of 24,100 in 2012 (table 8). 
Silver production in 6 of the top 10 producing countries 
increased in 2012, and Bolivia had no change in silver 
production. Silver production decreased in Chile by 79^, in 
Poland by 2%, and in the United States by 696. According to the 
Silver Institute, world silver consumption decreased by 796 to 
26,300 t in 2012. Industrial applications, with 5596 of the total, 
was the leading end use for silver, followed by jewelry (22%), 
coins and medals (11%), photography (796), and silverware 
(576) (Meader and others, 2013, p. 79). 

Argentina.—Total silver production was 7% higher than 
that of 2011. Silver Standard Resources Inc.'s (Vancouver, 
British Columbia, Canada) Pirquitas Mine (Jujuy Province, 
northern Argentina), Argentina's leading silver-producing mine, 
increased production by 47 t or 2196 from that of 2011, to a 
record-high 270 t. The increase was a result of improvements 
made to the crusher, the ball mill gearbox, and several operating 
processes. The mine's reported proven and probable reserves 
were 2,490 t. The company diversified its selling avenues by 
signing several long-term sales contracts directly with smelters 
(Silver Standard Resources Inc., 20134, p. 6; 2013b, p. 4, 10). 
In 2012, Pan American Silver Corp.'s (Vancouver, British 
Columbia, Canada) Manantial Espejo Mine in Santa Cruz 
Province, southeastern Argentina, decreased production by 4% 
to 113 t from 117 t in 2011 owing to lower ore grade, throughput 
rates, and plant availability (Pan American Silver Corp., 2013, 
р. 21). In September, Coeur d'Alene Mines ceased operations at 
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the Martha silver mine and began reclamation activities. High 
operating costs and ore depletion were cited as reasons. The 
mine produced 10 t of silver in the first three quarters of 2012 
(Coeur d'Alene Mines Corp., 2012). 

Australia. —Silver production remained at the 2011 level of 
1,728 t (table 8). Australia's Alcyone Resources Ltd. (South 
Perth, Western Australia) announced a 69% increase over 
previous estimates of contained silver reserves (Alcyone 
Resources Ltd., 2013, p. 6). BHP Billiton Ltd.'s (London, 
United Kingdom) Cannington Mine in northwest Queensland 
was one of the world's leading producers of silver. The mine 
produced 1,063 t of silver or 3% less than that of 2011's 1,100 t 
of silver (BHP Billiton Ltd., 2012, p. 42). 

Bolivia.—Sumitomo Corp. (Tokyo, Japan) operated the San 
Cristóbal Mine, Bolivia's leading silver-producing mine, in 
Lipez, where silver production was estimated to have increased 
to 400 t of silver, а 9% increase compared with 2011 production. 
Offsetting part of this increase, Coeur а’ Alene Mines’ San 
Bartolomé Mine near Potosi produced 184 t of silver in 2012, 

a decrease of 21% from 2011 production owing to lower ore 
grades and mill throughput (Coeur d'Alene Mines Corp., 2013, 
p. 10; Meader and others, 2013, p. 29). 

Chile.—Silver production in Chile decreased by 7% from that 
of 2011 to 1,195 t (table 8). The decrease was attributed to lower 
production from the country's copper industry (Meader and 
others, 2013, p. 2). Silver was produced mainly as a byproduct 
of copper or lead and zinc mining. 

China.—Silver mine production in China, the world's second- 
ranked silver producer, increased by 596 to 3,900 t from that 
in 2011 (table 8). Approximately 70% of silver produced in 
China was a byproduct of copper, lead, and zinc concentrates. 
Production data for primary silver mines were not available, but 
it was estimated that during the past 10 years, it has increased 
as a result of higher silver prices (CPM Group, 2013, p. 56). In 
2012, the Jiyuan Smelter [Yuguang Gold-Lead Co. Ltd. (Jiyuan 
City, Henan Province)], China's largest capacity smelter with an 
annual estimated capacity of 730 t of silver (Tse, 2013, p. 8.22), 
produced 715 t of silver, 2.4% greater than in 2011 (CPM 
Group, 2013, p. 58). Jiangxi Copper Co. Ltd. was estimated to 
have produced 510 t of silver, 7.3% less than that of 2011 (CPM 
Group, 2013, p. 57). The company produced silver from its 
own mines as well as from imported ore. Yunnan Copper Group 
Co. Ltd.'s (Kunming, Yunnan) Yunnan smelter increased silver 
output to 522 t despite temporary shutdowns and a production 
cutback for planned maintenance (CPM Group, 2013, p. 56). 
Silvercorp Metals Inc. (Vancouver, British Columbia, Canada), 
operated several mines in the Ying Mining District (Henan 
Province): the Ying Mine, the largest; the Haopinggou Mine, 
located adjacent to the Ying Mine; the TLP Mine (77.596 owned 
by Silvercorp) located directly east of the Ying Mine; and the 
LM Mine, just southeast of the Ying Mine. Silver equivalent 
production from these mines in FY 2013 (year ending March 
2013) was reported to be 162 t, a 10% decrease from that of 
FY 2012 (year ending March 2012) (Silvercorp Metals Inc., 
2014, p. 19). 

Kazakhstan.—Kazakhstan’s silver production rose to 963 t, a 
48% increase from that of 2011 (table 8). Production came from 
two companies, Kazakhmys plc (London, United Kingdom) and 
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Kazzinc Ltd. (Ust-Kamenogorsk). Kazakhmys, which operated 
copper and zinc mines in the Central, East, and Zhezkazgan 
Regions, produced 393 t of byproduct silver, 15 t less than 
during 2011. The Zhezkazgan Region, the country's leading 
silver-producing area, produced 227 t of silver, an increase from 
212 t in 2011 (Kazakhmys plc, 2013, p. 158—160). Kazzinc was 
a producer of zinc with considerable copper, precious metals, 
and lead credits. The company reported a 596 decrease in silver 
production from its own ores to 149 t (Kazzinc Ltd., undated). 
Mexico.—For the third consecutive year, Mexico was the 
world's leading producer of silver. The country was the leading 
world silver producer for 18 consecutive years between 1984 
and 2001, trading off with Peru before and after this period 
(CPM Group, 2013, p. 62). Mexico's production rose to 5,358 t, 
an increase of 12% from that of 2011 (table 8). The country's 
leading silver-producing mines were, in descending order of 
production, Fresnillo ple’s (London, United Kingdom) Fresnillo 
Mine, Coeur d’Alene Mines’ Palmarejo Mine, Fresnillo's 
Saucito Mine, and Pan American's Alamo Dorado Mine. The 
Fresnillo Mine, in the State of Zacatecas, was the world's 
leading primary silver mine and produced 821 t of silver. 
Fresnillo's adjacent and new Saucito mine, produced 219 t of 
silver (Fresnillo plc, 2013, р. 60, 62). Coeur d'Alene Mines’ 
Palmarejo Mine in the Sierra Madre Occidental silver-gold belt, 
420 km southwest of the city of Chihuahua, produced 256 t of 
silver. Reported measured and indicated resources at Palmarejo 
increased by 169% to 1,423 t of silver (Coeur d'Alene Mines 
Corp., 2013, p. 8). Pan American Silver operated the Alamo 
Dorado and Dolores open pits and La Colorada underground 
mine with a combined production of 389 t of silver in 2012 
(Pan American Silver Corp., 2013, p. 13). | 
Goldcorp Inc. (Vancouver, British Columbia, Canada) 
produced 737 t of silver from its Pefíasquito Mine, a 24% | 
increase from that of 2011 principally owing to an increase In 
mill throughput (Goldcorp Inc., 2015, р. 46). Gold Resource 
Corp.'s (Colorado Springs, CO) El Aguila project in Oaxaca 
produced 27 t of silver in 2012, its second year of operation 
(Meader and others, 2013, p. 25). The company processed all 
of its Arista Mine's ore (gold-silver-copper-lead-zinc) through 
the flotation circuit at its El Aquila mill (Gold Resource Corp., 
2013, p. 11). SilverCrest Mines Inc. (Vancouver, British 
Columbia, Canada) produced 18 t of silver, a 54% increase from 
that of 2011, in its first full year of production at the Santa Elena 
Mine. Increases in production resulted from improved recovery 
rates and higher grade ore being loaded on the Phase II leach 
pad (SilverCrest Mines Inc., 2013). | | 
Peru.—Peru was the world's third-ranked silver producer in 
2012 and produced 3.479 t of silver, a slight increase from лаў 
of 2011 (table 8). Between 2002 and 2009, Peru was the world's 
leading silver producer. Volcan Compañia Мше S.A.A. had 
three mining units in Peru. Yauli was Volcan's leading unit 
and consisted of the San Cristóbal, Andaychagua, Ticlio, and 
huacra Mines. The Cerro de Pasco unit, approximately 
m from Lima, consisted ofthe Paragsha underground = 
295 d the Raul Rojas open pit. The company's Chungar unit 
DS i: d d mines, the Animón and the Islay, 
rised two undergroun e | 
vu ntrator with a processing capacity of 4,200 tons per 
ш : О ка Compañía Minera S.A.A. and subsidiaries, 
ау 
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2013a, p. 2). The company reported silver production of 685t 
from all three units, 4% higher than that of 2011. Volcan's 
Cerro de Pasco unit processed less ore than in 2011 owing to 
the completion of the current phase of the Raul Rojas open pit 
and the reduced ore contribution from the Paragsha Mine. This 
decrease was offset by an increase in production in the Chungar 
mining unit resulting from improvements in the crushing and 
milling processes and startup of an additional mill in 2011 as 
part of the Animón plant expansion plan (Volcan Сотраћја 
Minera S.A.A. and subsidiaries, 20136, р. 1-2). Compañia 
Minera de Minas Buenaventura S.A.A.’s (Lima) Uchucchacua 
Mine produced 351 t of silver, a 12% increase from that of 2011. 
The reasons for the increase were higher mill throughput anda 
5% higher recovery rate (Meader and others, 2013, p. 28). 
Hochschild Mining plc (London, United Kingdom) operated 
three underground mines in southern Peru. The company's 
Pallancata Mine produced 231 t of silver, a 1596 decrease from 
that of 2011; the Arcata Mine produced 172 t of silver, a 9% 
decrease from that of 2011, and the Ares Mine produced 15t 
of silver, a 17% decrease from that of 2011. The decreases in 
production were owing to lower grades (Hochschild Mining 
plc, 2013, p. 181-182). Newmont Mining Corp. (Greenwood 
Village, CO) and Buenaventura jointly owned the Yanacocha 
Mine in the Cajamarca Region of northern Peru, which 
produced 27 t of silver, 35% less than that of 2011 (СРМ 
Group, 2013, p. 58). The reason for the decline was a 25% 
decrease in throughput (Meader and others, 2013, p. 28). Pan 
American Silver operated three underground mines in Peru. The 
company's Huaron Mine produced 91 t of silver, a 5% increase 
from that in 2011. The Morococha Mine (9296 ownership) 
produced 65 t of silver, a 22% increase from that in 2011, and 
the Quiruvilca Mine produced 9 t of silver, a 69% decrease from 
that in 2011. In June, Pan American Silver sold the Quiruvilca 
Mine (Pan American Silver Corp., 2013, р. 17, 21, 25). | 
Poland.—Poland produced 1,149 t of mined silver, a slight | 
decrease from that of 2011 (table 8). The country's silver was 
a byproduct of the copper operations of KGHM Polska Miedz 
S.A. (Lubin, Poland). KGHM reported producing 1,2741 | 
of silver ingots in 2012, a slight increase from that of 2011, | 
from its Glogów Smelter Division (КОНМ Polska Miedz 
S.A., 2013, р. 60—61). | | А 
Russia.—Russia produced 1,500 t of silver, an increase о 
1195 from that of 2011 (table 8). Byproduct silver и | 
from gold mining increased by 30% (Meader and others, © | 
р. 29). The country's leading silver producer was (OA 
International plc's (St. Petersburg) Dukat hub located d > 
Magada region of Russia’s far east. The property consis re 
ind mines, an 
the Dukat open pit, the Lunnoye undergrot eam the company's 
Omsukchan concentrator. Silver production from the compa 
; d by 196t owing 
Dukat, Khakanja, and Kubaka Mines increased by АКАДЕ, 
to increased ore grades (CPM Group. 2013, p. 61). contributions 
а 60% increase in ore grade owing to ар, ү 2 56t 
from the Avlayakan and the Ozerny tes ae mill doubled 
increase in silver production. Polymetal z T des at the Sopka 
production to 78 t of silver owing to hen 5 
deposit (Meader and others, 2013, р. 29). 
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Outlook 


The world mine supply of silver was expected to increase by 
496 in 2013, less than the increase in 2012. Silver production 
was expected to mirror both gold production and industrial 
demand as it did in 2012 (Klapwijk and others, 2013, p. 8, 31). 
Production increases in the United States were expected from 
the Lucky Friday Mine resuming production and from Aurcana 
Corp.'s (Vancouver, British Columbia, Canada) Shafter Mine 
in southwest Texas starting production. The latter project, 
however, was placed on care-and-maintenance status owing to 
lower silver prices and did not come into production. Projects 
in Mexico, Central America, and South America, such as 
Mexico's Pefíasquito Mine and Bolivia's Pueblo Viejo Mine, 
were expected to be significant silver producers. La Ronde 
and Langlois Mines were expected to increase Canada's silver 
production as they ramp up production (CPM Group, 2013, 

p. 60). Production in Australia and China also was expected 
to increase. 

The renewable energy sector was expected to increase demand 
for silver. The use of silver in photographic applications was 
expected to continue to decrease; much of the remaining use is 
expected to be for medical x-ray film, which has fared better than 
other photographic uses partly because of funding limitations 
for digital changeovers (Meader and others, 2013, p. 63). As 
hospitals convert to digital x-ray systems, however, silver use in 
photography was expected to continue to decline until it remains 
only in niche applications such as artistic photography. 

Some new uses for silver that were in their developmental 
phases may increase silver demand in the future. Those include 
silver used for its biocidal or conductive properties. These 
applications, including products such as textiles and food 
packaging, use “nanosilver,” silver particles 1 to 100 nanometers 
in size, a substantial difference from traditional silver particle 
size. Other uses of silver's biocidal properties have been 
for wound dressings, undergarments, and bed linens. Other 
emerging biocidal applications included glass and tapware, 
stationary, playground equipment, and wood preservation 
(Meader and others, 2013, p. 61). 

Growing applications for conductive silver continue to be in 
radio frequency identification tags and printed inks for tracking 
Stocks and shipments, including silver-base high-data-capacity 
tags, solid state readers, solid state lighting and organic light- 
emitting diodes, and computer systems. Although already 
used in many products, demand for silver-oxide batteries may 
increase with the proliferation of laptop and tablet computers 
and cellular telephones with advanced computing capabilities. 
The automobile industry's increasing need for high capacity 
batteries for hybrid and electric vehicles may further spur a 
demand for silver (Meader and others, 2013, p. 61). 
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Rank 


Сп | 5 | OW) Nh | = 


State 


Nevada 


Other? 
Total 


2010 
224,000 
1,050,000 
1,280,000 


TABLE 2 
MINE PRODUCTION OF SILVER IN THE UNITED STATES, BY STATE! 


(Kilograms) 


2011 
209,000 
913,000 

1,120,000 


' Data are rounded to no more than three significant digits; may not ада to totals shown. 
^Includes Alaska, Arizona, California, Colorado, Idaho, Missouri, Montana, New Mexico, South Dakota, and Utah. 


TABLE 3 


2012 
250,000 
805,000 


1,060,000 


LEADING SILVER-PRODUCING MINES IN THE UNITED STATES IN 2012, IN ORDER OF OUTPUT! 


Mine 
Red Dog 
Greens Creek 


Rochester 


Galena 
Bingham Canyon 


County and State? 
Northern Region, AK 
Southeastern Region, AK 
Pershing, NV 
Shoshone, ID 


Salt Lake, UT 


———— ———— M — 


| x M d 


i | ыы 
= > 


s | mà 
~ | ~ 


14 а оо 
Continental Pit 


——— дд 
О—$— ———— —MM 


23 


Do., do. Ditto. 


Morenci 


Mission Complex 
Wharf 

Phoenix 

Midas 


Smoky Valley Common 


Operation 
Hycroft 
Mineral Park 
Bagdad 


Denton-Rawhide 


Drumlummon 


Hollister 


Goldstrike® 
Chino 


—— 


Lincoln, MT 
Pima, AZ 
Lawrence, SD 
Lander, NV 
Elko, NV 
Nye, NV 


Humboldt and Pershing, NV 
Mohave, AZ 

Yavapai, AZ 

Silver Bow, MT 

Mineral, NV 

Lewis and Clark, MT 


Eureka and Humboldt, NV 


Pinal, AZ 


Elko, NV 


Greenlee, AZ 
Elko and Eureka, NV 
Grant, NM 


Operator 
Teck Alaska Inc. 
Hecla Mining Co. 
Coeur d’Alene Mines Corp. 
U.S. Silver and Gold Inc. 
Kennecott Utah Copper Corp.’ 
Revett Minerals Inc. 
ASARCO LLC* 
Goldcorp Inc. 
Newmont Mining Corp. 

do. 

Kinross Gold Corp. 


Allied Nevada Gold Corp. 

Mercator Minerals Ltd. 
Freeport-McMoRan Copper & Gold Inc. 
Montana Resources 

Rawhide Mining, LLC 

U.S. Silver and Gold Inc. 

Newmont Mining Corp. 

ASARCO LLC* 

Great Basin Gold Ltd. 
Freeport-McMoRan Copper & Gold Inc. 
Barrick Gold Corp. 

Freeport-McMoRan Copper & Gold Inc. 


'The mines on this list accounted for about 99% of U.S. mine production in 2012. 


"Рог Alaska, mines are located by geographic region, as delineated by the Alaska Division of Geological & Geophysical Surveys in its Special Report 67, 
Alaska’s mineral industry 2011—Exploration activity. 


Wholly owned subsidiary of Rio Tinto plc. 


‘Wholly owned subsidiary of Grupo México, S.A.B. de C.V. 
Includes eight open pit operations (Emigrant, Genesis, Gold Quarry, Lantern, Lone Tree, Pay Raise, Twin Creeks, and Widge Mines) and six 
шдетп operations (Carlin East, Chukar, Exodus, Leeville, Pete Bajo, and Vista Mines). 
Includes Betze-Post, Meikle, and Storm Mines. 
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Source of silver 
Zinc-lead ore. 
Zinc-silver ore. 

Silver ore. 

Do. 

Copper-molybdenum ore. 
Copper-silver ore. 
Copper ore. 
Gold ore. 
Gold-copper ore. 
Gold ore. 

Do. 


Gold-copper ore. 
Copper-molybdenum ore. 
Do. 
Do. 
Gold ore. 
Silver ore. 
Gold ore. 
Copper ore. 
Gold ore. 
Copper-molybdenum ore. 
Gold ore. 
Copper-molybdenum ore. 
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ТАВГЕ 8 
SILVER: WORLD MINE PRODUCTION, BY COUNTRY"? 


(Metric tons) 

Country? 2008 2009 2010 2011 2012* 
Algeria (4) (4) (4) (4) * (4) 
Argentina — — 356 533 723 747 ' 800 
Armenia 40 53 68 73" 75 
Australia 1,926 1,635 1,864 1,725 1,728 ? 
Azerbaijan = = 2 1 15 
Bolivia 1,114 1,326 1,259 1,214 1,214 ? 
Brazil 4' 4" St 8" 9? 
Bulgaria* 50 ' 43 ' 42 ' 45° 55 
Burma 1 — (4) z = == 
Сапада 709 ' 609 ' 570 ' 582 ' 663 P5 
Chile | 1,405 1,301 1,287 1,291 1,195 > 
China* 2,800 2,900 3,500 3,700 3,900 
Colombia 9 11 15 24 9 5 
Congo (Kinshasa) 34 -- 6 10 12? 
Cote d'Ivoire = (4) (4) (4) үз 
Dominican Republic* -- 19 20 18 33 
Есџадог (4) (4) 1" 1" 2 
Ethiopia* 35 2 2 2 
Finland 70 70 65 ' 73° 128 > 
Егапсе“ | 1 = = = 
Ghana* 3? 4° 4 4 4 
Greece? 28 5 30 30 30 28 
Guatemala 100 129 ' 195 273 205 5 
Honduras 60 58 г 58° 53° 515 
India 96 138 ' 165 ' 204 ' 330 
Indonesia? 226 359 272 310' 250 
Iran МА ' NA‘ МА ' NA' NA 
Ireland" 4 4 4 4 4 
Italy? (4) (4) (4) (4) (4) 
Japan __ 2 2 1 4 45 
Kazakhstan 646 618 552" 651' 963 ° 
Korea, North* 20 20 20 20 20 
Korea, Republic of 1 МА РАЈ 3" 3 
Laos 5 14 18 18 19 5 
Масейопіа“ 9 9 9 9 9 
Malaysia (4) (4) (4) (4) 2° 
Mali® 2 3 2 2 2 
Mexico 3,236 3,554 4411 4,778 ' 5,358 5 
Mongolia 20 20 20' 19' 19 5 
Morocco’ 190 195 195 190 190 
Namibia‘ 33° 11° 10° 9' 9 
New Zealand 18 14 17° 14° 6 5 
Nicaragua ИЙ 4 4 7 8' 10° 
Oman (4) (4) (4) (4) ~- 
Pakistan? — — — RN 3 3 3 3 3 
Рапата“ -- = 1 2 2 
Papua New Guinea 48 55 74° 81° 84 5 
Peru 3,686 3,923 ' 3,640 3,419 ' 3,479 5 
Philippines и 14 34 41 46° 67 5 
Poland 1,161 1,207 1,181 1,167 1,149 5 
Portugal __ 29 22 24 28' 28Р 
Romania? OZ  — 18 18 18 18 18 
Russia 1,132 1,313 1,356 1,350 1,500 
Saudi Arabia O O OO 8 9 8 8 4 
Serbia 2* 3° 5 57 55 


See footnotes at end of table. 
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Country? 

Solomon Islands* 
South Africa 
Spain" 
Sudan 
Sweden 
Tajikistan 
Tanzania 
Thailand 
Turkey 
United Kingdom 
United States 
Uruguay 
Uzbekistan 
Zimbabwe* 

Total 


TABLE 8—Сопипчеа 
SILVER: WORLD MINE PRODUCTION, BY COUNTRY"? 


(Metric tons) 
2008 2009 
75 78 
35 45 
-- (4) 
295" 289 * 
3 ш 
10 8 
8 13 
294 352 
(4) (4) 
1,250 1,250 
4 3 
75 33 
(4) (4) 
21,300 ' 22,300 * 


“Estimated. Preliminary. ‘Revised. NA Not available. -- Zero. 
'World totals, U.S. data, and estimated data have been rounded to по more than three significant digits; may not add to totals shown. 
?Recoverable content of ores and concentrates produced unless otherwise specified. Table includes data available through February 13, 2015. 


3 п addition to the countries listed, Botswana, Eritrea, Fiji, Georgia, Iran, Kyrgyzstan, and Zambia produced silver, but available information 
is inadequate to make reliable estimates of output levels. 


^Less than % unit. 
‘Reported figure. 
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SLAG—IRON AND STEEL 
By Hendrik G. van Oss 


About 16.0 million metric tons (Mt) of iron and steel slag 
was sold by U.S. slag processors in 2012, up by about 4% from 
total sales in 2011 (table 1). The value of slag sales increased by 
about 5% to an estimated $275 million. 

Ferrous slags are produced through the addition of slagging 
agents and fluxes (chiefly limestone or dolomite and silica 
sand) to blast furnaces and steel furnaces to strip impurities 
from iron ore, steel scrap, and other ferrous feeds. The slag is a 
silicate melt that floats on top of the molten crude iron or steel 
and is tapped from the furnace separately from the liquid metal. 
After being cooled by various means to solid form, the slag 
is processed and may then be sold or, in some cases, returned 
to the furnace. Most types of processed slag have very much 
lower unit values than do iron and steel (metal) and, for this 
reason, iron and steel companies generally contract with outside 
slag-processing companies to cool the slag and to remove it. 
Typically, the processing company receives the slag for free, 
crushes it to various marketable sizes, uses screens and magnetic 
separators to recover entrained metal from the slag (metal to be 
returned to the furnace for a low charge), sells the slag on the 
open market, and pays a small percentage of the net slag sales 
revenues or profits to the iron or steel company. Slag can be 
returned to the furnaces for use as flux and as a supplemental 
source of iron, but despite having a value, this return flow is not 
always included in the tonnages of slag reported as sold. 

A listing of slag processors, processing sites, slag types, 
and the iron and steel companies serviced is provided in table 
4. Apparent duplication at some sites is because processing 
contracts may have been transferred to other companies during 
the year and because it is common for integrated iron and 
steel plants to have processing or marketing contracts with 
various companies for different types of slag produced at the 
plant. [n some cases, the slag is cooled by one company but is 


then further processed or marketed by another company or at 
another site. 


Legislation and Government Programs 


The market for slag for construction is influenced by Federal 
and State programs that affect construction spending, encourage 
the use of "alternative" materials in construction, and that 
may affect the availability of competing alternative or natural 
materials. Slags are considered to be sustainable raw materials 
mainly because they can substitute directly or indirectly for 
virgin materials (for example, for natural stone aggregates in 
concrete and for natural raw materials in cement manufacture), 
or, in the specific case of ground granulated blast furnace slag 
(GGBFS), can partially substitute for clinker in finished cement 
or for portland cement in concrete. With respect to clinker 
manufacture, substitution of slags for natural raw materials can 
reduce the unit consumption of fuel and limestone in the kiln, 
which then reduces the overall and unit emissions of certain 
pollutants, most notably carbon dioxide. Use of granulated blast 
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furnace slag [either GGBFS or unground material (GBFS)] in 
the finish mill allows more finished cement to be made from the 
same amount of clinker. 

The future viability of some cement plants may be in 
jeopardy as a result of the very low limits for emissions of 
mercury, total hydrocarbons, hydrochloric acid, and particulates, 
set forth in a 2010 final rule within the National Emissions 
Standards for Hazardous Air Pollutants (NESHAP) and various 
amendments to the 2010 rule, but for which the compliance 
date was, in 2012, proposed to be extended to September 2015 
(U.S. Environmental Protection Agency, 2012). Should plants 
close as a result of the NESHAP, the supply of domestically 
produced cement on the U.S. market would be reduced and 
likely could not be entirely offset in some markets by increased 
cement imports. This has the potential to increase demand for 
alternative or supplementary cementitious materials (SCM), 
such as GGBFS and fly ash. Also, the NESHAP likely would 
make fly ash (typically relatively high in mercury) less attractive 
as an alternative raw material for clinker manufacture and thus 
might increase demand for slag for this purpose. 

The U.S. Environmental Protection Agency continued to 
evaluate proposals to reclassify coal combustion byproducts, 
including fly ash, as hazardous waste for landfill disposal 
purposes but not for beneficial use purposes. Should fly ash 
become stigmatized as a result of even a limited designation as 
hazardous waste, construction market demand for this material 
might fall significantly. It remained unclear if the supply of 
GGBFS and other SCM would be adequate to fill the fly ash 
void, and this availability issue might work against efforts to 
promote increased use of these materials. 


Production 


The amount of slag tapped from the furnaces is not routinely 
measured and not all of the slag formed is tapped during a heat; 
accordingly, data on annual production of slag are generally 
unavailable. Output levels can be broadly estimated based on 
typical slag to metal production ratios, which in turn are related 
to the chemistry of the ferrous feeds to the furnaces. For typical 
iron ore grades (60% to 66% iron), a blast furnace normally will 
produce about 0.25 to 0.30 metric tons (t) of slag per metric ton 
of crude or pig iron produced. For ores of lower than average 
grade, the slag output will be higher, in some cases as much as 
1.0 to 1.2 t of slag per ton of crude iron. Steel furnaces typically 
produce about 0.2 t of slag per ton of crude steel, but up to 50% 
of this slag is entrained metal, most of which would likely be 
recovered during slag processing and returned to the furnace. 
The amount of marketable steel slag remaining after entrained 
metal removal is thus usually equivalent to about 10% to 15% of 
the crude steel output. Using these ratios and data for U.S. and 
world iron and steel production from the American Iron and 
Steel Institute (2012, р. 117—122), U.S. blast furnace slag 
production in 2012 was estimated to be in the range of about 
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8 to 10 Mt, and world output, 280 to 330 Mt. Similarly, U.S. 
output of steel slag (after metal removal) in 2012 was estimated 
to be 9 to 13 Mt, and world output, 160 to 230 Mt. Estimated 
production of slag usually will differ from total sales of slag 
(table 1) because of a combination of undocumented returns of 
slag to the furnaces, stockpiling of slag by processors, and sales 
from stockpiles, including material in old piles (slag banks) 
from iron and steel plants long-since closed. 

The commercial uses for ferrous slag are determined mainly 
by how the slag is cooled. Marketed blast furnace slags are 
of three main types—air-cooled, granulated, and pelletized 
(or expanded). Air-cooled blast furnace slag is formed by 
allowing the molten slag to cool relatively slowly under ambient 
conditions; final cooling can be accelerated with a water spray. 
Although it can have a vesicular texture with closed pores, 
air-cooled slag is hard and dense and is especially suitable 
for use as construction aggregates. Formation of GBFS is by 
quenching molten slag in water to form sand-sized particles of 
glass. The disordered structure of this glass gives the material 
inherent moderate hydraulic cementitious properties when 
the slag is very finely ground (GGBFS), and the cementitious 
properties become strong if the material accesses free lime. In 
concrete having a proportion of GGBFS in the mix, hydration 
of portland cement releases the lime needed to fully activate 
the slag. Concretes incorporating GGBFS generally develop 
strength more slowly than concretes that contain only portland 
cement but can have similar or even superior long-term strength, 
release less heat during hydration, have reduced permeability, 
and generally exhibit improved resistance to chemical attack. 
Pelletized or expanded slag is cooled through a water jet, 
which leads to rapid steam generation and the development 
of innumerable vesicles within the slag, which itself is glassy. 
The vesicles reduce the overall density of the slag and allow 
for good mechanical binding with hydraulic cement paste. This 
slag type is most commonly used as a lightweight aggregate 
but when very finely ground, can have cementitious properties 
similar to those of GGBFS. Blast furnace slag (generally air- 
cooled) also can be made into mineral wool. For this purpose, 
slag is remelted and then poured through an air stream or Jet 
of steam or other gas to produce a spray of molten droplets; 
alternatively, the droplets can be formed by passing the melt 
through a perforated or fast spinning disc. The droplets elongate 
into long fibers that are collected and layered, and this material 
is suitable for use as thermal insulation. | 

Steel furnace slag is cooled similarly to air-cooled blast 
furnace slag, has similar properties to it, and is used for some 
of the same purposes. Steel slags containing large amounts of 
dicalcium silicate are prone to expansion and common y are | 
cured in piles for several months to allow for the expansion an 
аи s о find uses in environmental 

2 |: a tue as water filtration, although the data on such 
nen of tonnages consumed, are very incomplete. 


Consumption 


] U.S. Geological 
-this report are based on an annual tJ.» 
Data n er dp 5 of slag processors and importers and 
€ sales of processed slag rather than the amount of slag 
relate 
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produced or processed during the year. Processed slag is sold 
from stockpiles and although most of the material is a byproduct 
of current or recent iron and steel output or is of imported 
material, some slag sales are of material mined from slag banks 
produced by iron and steel plants now long closed. In 2012, 
canvasses were sent to 24 companies, covering 138 processing 
and (or) importation sites, and at least partial data (some 
within consolidated responses) were received for 135 sites; the 
reported data accounted for 94% of the total iron and steel slag 
tonnage for 2012 in table 1. In 2011, canvasses were sent to 
25 companies, covering 134 sites, and at least partial data were 
received for 131 sites, accounting for 98% of the gross tonnage 
listed for the year. Because responses to the USGS canvasses 
vary greatly in the detail provided and because estimates were 
made where needed, the tonnage data in table ] have been 
rounded to the nearest 0.1 Mt. For both years, data on pelletized 
blast furnace slag have been withheld to avoid disclosing 
company proprietary information, but the quantities sold were 
very small. Sales data for granulated slag in both years exclude 
material sold by a few importers who as yet do not take part in 
the USGS canvass. Slag sales data in table 1 also exclude the 
free metal recovered from the slag; this metal is sold separately. 

Domestic production of crude iron and crude steel increased 
in 2012 by 6.1% and 2.7%, respectively (American Iron and 
Steel Institute, 2012, p. 117-120), and this would imply a 
similar increase in slag production and availability. However, 
actual construction market availability of slag is difficult 
to evaluate. Overall slag sales data reported to the USGS 
commonly exclude a significant fraction of the slag (especially 
steel furnace slag) returned to the furnaces. In 2012, a 39% 
increase was reported in the tonnage of slag (all as steel slag) 
reported as returned to the furnace relative to the amount 
reported in 2011. It was unclear if this increase reflected 
underreporting of the returns in 2011 (which were 20% less 
than those reported for 2010), more complete reporting in 2012, 
or an actual increase in the returns in 2012. Slag returns to the 
furnaces would be expected to increase if the price of major 
ferrous feeds (ores and scrap) increased; however, prices In 
2012 for iron ore were relatively stagnant, and for U.S. iron and 
steel scrap, actually somewhat lower. 

Air-cooled blast furnace slag and steel furnace slag together 
accounted for about 83% of total sales tonnages in 2011 and 
almost 86% in 2012 (table 1). These two types of slag are used 
as aggregates in general construction (table 3) but, as low unit 
price materials, can really only service market regions close ч 
to active iron and steel furnaces ог to slag banks 50 as to avol 
long-distance transportation charges. These constraints, sei: 
with the common existence of long-term sales contracts an 
tendencies by processors to stockpile slag to allow ака 
large contracts, result in trends in slag consumption VO Lm 
that commonly differ, at least in percentage change terms, Ei 
those for sales of competing natural aggregates and for Р · 
The 4% increase noted earlier in overall slag sales es 0 " 
may thus be compared to USGS monthly and quarter Bom 
for total sales of crushed stone (largely for aggregate), 4 

| struction san 
were virtually unchanged in 2012; sales of con 7 and blended 
and gravel, up by about 1%; and sales of portland a : 
umption), up by 8.9%. 
cement (а proxy for concrete consump 
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Most air-cooled blast furnace and steel furnace slag is sold 
into a variety of aggregate applications (table 3). Because 
of potential expansion problems, steel slag finds little use 
in applications requiring maintenance of a fixed volume 
(for example, concrete). Both slag types also are used as a raw 
material for cement (clinker) manufacture but steel slag has 
proven to be especially suitable for this use. Relative changes, 
especially small percentages, in the sales by type of use are 
difficult to evaluate because the data incorporate estimates 
and much of the plant-level data reported in recent years have 
revealed only the dominant use(s) for the slag, leaving the less 
common uses understated. Thus, for example, the steel slag 
sales for use as a raw material for clinker manufacture appear 
to have fallen significantly in 2012 to only about 145,000 t, but 
this is in contrast to more detailed USGS data for raw materials 
consumed by the U.S. cement industry, which (despite some 
ambiguity in slag identities) show a steel slag consumption for 
clinker in 2012 of 444,000 t, an increase of 5096. Although it 
is possible that the cement industry in 2012 sourced a majority 
of its slag from stocks already in hand (that is, purchased 
prior to 2012), it is more likely that the slag sales for clinker 
manufacture in table 3 are underreported relative to some 
more general use category (perhaps fill). Among the general 
construction aggregate categories for air-cooled slag, the 
apparent changes in the split between ready-mixed concrete and 
concrete products may simply reflect reporting ambiguities; the 
sum of these two concrete applications did not change much. 
Likewise, a reporting assignation issue may explain the shifts in 
sales of air-cooled slag for road bases and surfaces versus those 
for fill. 

Although representing just 1596 of the total sales tonnage, 
sales of granulated blast furnace slag in 2012 accounted for 70% 
of the total value of slag sales and 8396 of the blast furnace slag 
subset in table 1. Actual sales of GBFS in some years have been 
higher than those shown in table 1 because of some imports 
being missed by the USGS canvass; however, it is unclear if 
this was significant in 2011-12. In 2012, all of the granulated 
slag sales in table 1 were of GGBFS. In recent years, a modest 
fraction (896 in 2011) of the granulated slag was reported as sold 
unground and was mainly of weathered material that had been 
sold as a fine aggregate at unit prices much lower than those for 
GGBFS. Overall sales of GGBFS for cementitious use totaled 
2.4 Mt in 2012, significantly unchanged. 

No distinction is made in the USGS slag survey between 
combined GBFS and GGBFS sold directly to cement companies 
and GGBFS sold directly to concrete companies, but data from 
recent USGS cement canvasses indicate that cement producers 
consume only about 12% to 1596 of the total granulated slag 
sold, including that used to make clinker, blended or masonry 
cement, or used as a grinding aid to make portland cement. 
Sales in the United States of GGBFS under the designation “slag 
cement" are promoted by the Slag Cement Association (SCA), 
whose members account for much of the country's GGBFS 
output and sales. The SCA reported sales by its members of 
2.3 Mt of GGBFS in 2012, an increase of 11.296; nearly 2.2 Mt 
of this total was as direct sales and the remainder was material 
within blended cements (Slag Cement Association, 2013; Slag 
Cement Association, unpub. data, August 23, 201 3). 
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Prices 


Average sales prices for air-cooled blast furnace slag and 
for steel slag appear not to have changed significantly in 2012 
(table 2). Major market factors affecting the prices of these two 
slag types are dominated by local competition from natural 
aggregates, the overall level of construction activity (particularly 
that for roads), and the existence of long-term supply contracts. 
Air-cooled and steel furnace slags sold for uses other than 
aggregates can command higher prices than slags sold as 
aggregates. Pelletized slag (not revealed in tables 1—3) can sell 
for prices well above those for air-cooled slag. The average high 
unit sales value of granulated slag reflects the dominant use of 
GGBFS as a partial substitute for portland cement in blended 
cements and, especially, in concrete. Despite its relatively high 
unit price, GGBFS had, for many years, sold at a 20% to 25% 
discount to portland cement, but the discount in 2011—12 was 
about 15%, owing to relatively low prices for portland cement in 
these years. 


Foreign Trade 


Most actual iron and steel slag imports were of granulated 
slag (GBFS or GGBFS). However, import data within the 
granulated slag tariff code (HTS 2618.00) commonly contain 
entries that, based on excessively high or low unit dollar values, 
are either slags of other metallurgical industries (especially 
copper slag) or are unrelated materials altogether (such as 
silica fume, fly ash pozzolan, cenospheres from fly ash, other 
industrial residues, or metal concentrates). For example, data 
from the U.S. Census Bureau listed imports of “granulated iron 
and steel slag" under tariff code HTS 2618.00 totaling about 
1.59 Mt in 2012, a decrease of 14% from the equivalent total in 
2011. However, only about 1.13 Mt of the 2012 total appeared 
to actually be granulated blast furnace slag, and this total 
becomes 1.23 Mt if likely granulated slag imports within tariff 
code HTS 2619.00 are added. Within tariff code HTS 2618.00, 
about 0.4 Mt of the material excluded in the adjusted total above 
was inexpensive copper slag from Japan imported for use as an 
iron feed and as sand-blasting grit. Retained within the adjusted 
total of HTS 2618.00 was a modest amount of pelletized blast 
furnace slag from Canada that was imported for grinding into a 
form of GGBFS. 

Data from the United Business Media Ltd.'s PIERS has, in 
most years, revealed higher totals for tariff code HTS 2618.00 
imports than did the Census Bureau, but when adjusted to 
remove material that was revealed or suspected not to be GBFS, 
the PIERS total in 2011, nearly 1.5 Mt, was slightly lower than 
that for the Census data. In 2012, the PIERS grand total was 
1.85 Mt, and this adjusts to 1.43 Mt after excluding about 0.4 
Mt of copper slag. 

Census Bureau data for slag exports included many low 
tonnage shipments of very high unit value that were unlikely to 
be slag. Exports having unit values suggestive of granulated slag 
totaled only about 31,000 t in 2012; PIERS reported only 800 t. 


Outlook 


Most ferrous slag will continue to be used in the construction 
sector and consumption levels will thus depend on construction 


69.3 


T 
| 
| 
| 
| 
; 


ee rp qn 00 X 


spending levels, especially for public sector projects, perceived 
applicability of slag for specific construction applications, 

and, especially for aggregate applications, slag availability 

near the construction projects. Slag sales should benefit from 
Government programs to promote the use of recovered mineral 
components in public sector construction projects but may not 
be able to capture a large share of this market because of limited 
slag availability. The U.S. cement industry is under pressure to 
reduce its carbon dioxide emissions and to reduce fuel costs, and 
this could increase demand for slag as a raw material to partially 
substitute for limestone in the manufacture of clinker. Demand 
for this purpose could also increase if the cement industry 
reduces its consumption of fly ash in an effort to reduce mercury 
emissions. However, availability of sufficient slag near cement 
plants will continue to be a major determinant of demand 

for slag for clinker manufacture, as will the slag's chemical 
suitability. Long-term availability is especially problematic for 
blast furnace slag, because all of the U.S. blast furnaces are old, 
costly to operate, and require very expensive major periodic 
maintenance. In addition, 2 of the 23 blast furnaces that were in 
operation during at least part of 2012 were closed permanently 
by midyear. As components of major integrated iron and steel 
complexes, blast furnaces are especially vulnerable to prolonged 
shutdowns during major economic downturns. Operational 
disruptions at the blast furnaces also affect the downstream basic 
oxygen furnaces and hence the availability of the steel slag from 
them; slag availability from electric arc furnaces, however, 1s 
more assured. Steel slag availability for the construction market 
is further constrained at times of high iron ore and scrap steel 
prices, when the steel companies tend to take back more of the 
slag as a ferrous feed to the furnaces. 

Increasing acceptance of GGBFS as a cementitious material 
should ensure a steady or increasing share in the U.S. cement 
and concrete markets for this slag type. However, the supply 
of domestically produced GBFS remains severely constrained 
because granulation cooling was installed at only three U.S. 
blast furnaces at yearend 2012 (a fourth having closed earlier 
during the year). The closed blast furnace's GGBFS (grinding) 
plant was to remain operational, however, as it had access to 
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imported granules. Installation of granulation cooling at other 
U.S. blast furnaces is possible but unlikely; it is expensive and 
would depend upon the perception of the specific furnace's 
future viability. Furthermore, not all blast furnaces produce a 
slag that is chemically suitable for GGBFS. Future increases in 
GGBFS sales will thus depend on the availability of imported 
GBFS or GGBFS; many GBFS-producing countries incorporate 
more slag in their cement and concrete products than does the 
United States and their (local) markets will be competing with 
the U.S. market for this slag. 

Changes in environmental rules governing the manufacture of 
portland cement and, potentially, the characterization of fly ash 
could increase the demand for slag as an alternative raw material 
for clinker manufacture and as an SCM. 
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TABLE 2 
SELLING PRICES FOR IRON AND STEEL SLAG IN THE UNITED STATES! 


(Dollars per metric ton) 


2011 2012 
Slag type Range Average Range Average 
Blast furnace: 
Air-cooled 2.20—18.46 7.14 3.85—19.98 7.31 
Granulated? 9.92-107.21 76.45 ' 53.75—118.48 73.69 
Steel furnace 0.02—25.53 5.18 0.25—29.13 5.22 
‘Revised. 


‘Data contain a large component of estimates and some respondents provide values only on their total 
sales of a slag type, not value by type of use. Thus, the value ranges shown are likely too restrictive. 
“Values are for material reported for use as a cementitious additive in cement or concrete manufacture. 
Material at or near the low end of the range was sold in unground form in 2011, but in 2012, no sales 
of unground material were reported (although they certainly took place) and the price range shown 


for 2012 is thus just for the ground material. Sales other than for cementitious use were generally at 
unit values below the ranges shown. 


TABLE 3 
SALES OF FERROUS SLAGS IN THE UNITED STATES, BY USE! 


(Percentage of total tons sold) 


2011 TUAE a 
Steel Steel 
Blast furnace slag” furnace Blast furnace slag” furnace 
Use “Air-cooled Granulated slag Air-cooled Granulated slag 
Ready-mixed concrete 11.1 = 2 5.8 EX Е? 
Concrete products 5.1 => = 7.3 xs Q) 
‘Asphaltic concrete 19.3 - 12.1 21.1 = 8.6 
Road bases and surfaces 38.7 4.5 46.8 47.5 Е 45.8. 
Fill 13.3 s 19.3 INNEN === 233.6 
Cementitious material = 95.0 == -- 99.9 э, 
Clinker raw material 0.8 = 47 0.8 ПЕ = 
Midi. — — о ВЕЕ ee 
Other or unspecified? 5.1 (3) ВИНО 43 aep uw 
-- Zero. 


! A number of respondents provide breakouts that represent only the dominant use(s) of their slag; EEE E 
accordingly, the minor use categories are likely underreported. The data also incorporate some estim 
should be viewed as accurate to no more than two significant figures. 


"Excludes expanded or pelletized slag; this material is generally sold as a lightweight aggr egate. 
?Less than 0.05%. 


^Reported as used for railroad ballast, roofing, mineral wool, or soil conditioner. 
"Including return to furnaces (likely underreported) and other uses. 
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SODA ASH 


By Thomas P. Dolley 


Domestic survey data and tables were prepared by Martha L. Jackson, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


The U.S. soda ash industry continued a trend of increased 
production and value in 2012 since experiencing a decline in 
domestic and export sales caused by adverse global economic 
conditions in 2009 in the major soda ash-consuming sectors. 
The annual average unit value of soda ash set a record high in 
2012, and soda ash exports increased as well, accounting for 
55% of total production. U.S. soda ash production was 11.1 
million metric tons (Mt) valued at $1.74 billion. World soda ash 
production was estimated at 52.9 Mt, an increase from 51 Mt in 
2011 (tables 1, 7). 

Soda ash, also known as sodium carbonate (Na,CO,), is an 
alkali chemical refined from the mineral trona, or from naturally 
occurring sodium-carbonate-bearing brines (the soda ash from 
both is referred to as natural soda ash), or manufactured from 
one of several chemical processes (the soda ash from this 
process is referred to as synthetic soda ash). 

Soda ash is an important industrial compound used to 
manufacture chemicals, glass, pulp and paper, soaps and 
detergents, and many other familiar consumer products. The 
United States has the world's largest natural deposit of trona 
and is the world's second ranked soda ash-producing nation. 
U.S. natural soda ash is extremely competitive in world markets 
because the majority of the world output of soda ash is made 
synthetically, which is usually a more expensive process. 


Production 


Soda ash production and inventory data were collected by the 
U.S. Geological Survey (USGS) from monthly, quarterly, and 
annual voluntary surveys of the U.S. soda ash industry. A survey 
request was sent to each of the five soda ash companies, all of 
which responded, representing 100% of the total production data 
in this report (table 1). 

The United States remained the world's second ranked soda 
ash-producing nation in 2012 behind China. U.S. production of 
natural soda ash from California and Wyoming was 11.1 Mt in 
2012. Based on about 14.5 million metric tons per year (Mt/yr) 
(16 million short tons per year) of total nameplate production 
capacity, the U.S. soda ash industry operated at 77% of total 
capacity. This capacity utilization rate appears to be low because 
it is calculated partially based on the full nameplate capacity of 
all operations, some of which included nameplate capacity idled 
since 2009 (FMC Corp., 201 1a, b). During 2012, FMC Corp. 
was producing about 454,000 t/yr (500,000 short ton per year) 
at its previously idled Granger facility in Green River, WY, and 
was proceeding with plans to expand production to full capacity 
at 1.2 Mt/yr (Martin, 2012). 

Approximately 2.5 Mt/yr of nameplate capacity (2.7 million 
short tons per year), which represented about 1794 of total 
Industry nameplate capacity, was idled in 2012. This available 
capacity could be brought back online when market conditions 
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improve. The U.S. soda ash industry used the term "effective 
capacity" to minimize the effect that “mothballed capacity” had 
on operating rates. This resulted in higher capacity utilization 
percentages. Individual effective capacity data are not publicly 
disclosed. Producers use nameplate capacities to determine 
export allocations set by a U.S. export association, the American 
Natural Soda Ash Corp. (ANSAC). 

The U.S. soda ash industry consisted of five companies in 
2012—four companies operating five plants in Wyoming that 
produced soda ash from underground trona ore and one in 
California that produced soda ash from sodium-carbonate-rich 
brines. One company operated a mine and plant in Wyoming 
and a plant in Colorado, which produced sodium bicarbonate 
using soda ash feedstock from the company's Wyoming soda 
ash facility. 

Each of the U.S. companies is either wholly owned or 
partially owned by foreign soda ash-producing companies or 
foreign soda ash consumers. The U.S. soda ash industry was 
62% foreign owned and 38% domestically owned. At yearend, 
the countries and foreign percentage ownership were India, 
2176; Belgium, 19%; Japan, 11%; and the Republic of Korea, 
11% (table 3). 

Economic distress experienced by the U.S. soda ash industry 
in 2004, caused partially by the emergence of China as a 
competitor in the export market to Asia, led to the passage of 
the Soda Ash Royalty Reduction Act of 2006. Passage of the 
legislation lowered the Federal royalty rate of 696 to 296 for a 
5-year period for holders of Federal sodium leases prior to the 
legislation's expiration date of October 11, 2011. An extension 
of the royalty reduction remained under consideration in 2012 
and into 2013 (Abbey, 2011; U.S. Department of the Interior, 
2011, p. 1-3; Industrial Minerals, 2013). 


Consumption 


The USGS collects soda ash consumption data by end use 
on a quarterly basis from the marketing and sales departments 
of each company. Every effort has been made to categorize 
company sales within the correct end-use sector. Quarterly 
reports are often revised in subsequent quarters because of 
customer reclassifications or other factors. All U.S. soda ash 
companies responded to the quarterly surveys; data represented 
100% of the total reported consumption data found in this 
report. 

In 2012, U.S. apparent consumption and reported 
consumption were nearly identical. Apparent consumption 
of soda ash was 4.98 Mt; reported consumption was 5.06 Mt 
(table 1). Reported consumption and apparent consumption 
do not necessarily correspond because reported consumption 
is sales reported by producers, whereas apparent consumption 
is the calculated quantity available for domestic consumption 
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based on balancing supply (production, imports, and inventory 
adjustments) with external demand (exports). 

In the domestic market, large-volume buyers of soda ash 
were primarily the major glass container manufacturers whose 
purchases were seasonal (more beverage containers are made 
in the second and third quarters for summertime beverage 
consumption). Soda ash sales to the flat glass sector depended 
more on the state of the economy because the leading uses 
of flat glass were in automobile manufacture and residential 
housing and commercial building construction. These two 
major industrial sectors are especially sensitive to changing 
economic conditions, and soda ash sales follow trends in the 
two sectors. The distribution of soda ash by end use in 2012 
was glass, 48%; chemicals, 29%; soap and detergents, 8%; 
distributors, 696; flue gas desulfurization and other, 396 each; 
pulp and paper, 2%; and water treatment, 1% (table 4). 

Chemicals.—Soda ash is used to manufacture many sodium- 
base inorganic chemicals, including sodium bicarbonate, sodium 
chromates, sodium phosphates, and sodium silicates. 

Glass.—Glass manufacture represented about 48% of 
domestic soda ash consumption as follows: container, 52%; 
flat, 3896; and fiber and other, 596 each. Glass containers are 
made for beverages (beer and carbonated and noncarbonated 
drinks), chemical and household products, food, liquor, medical 
products, and toiletries and cosmetics. | 

Soaps and Detergents.—Detergents were the third ranked 
use of soda ash. Soda ash was used as a builder to emulsify 
oil stains, to reduce the redeposition of dirt during washing 
and rinsing, to provide alkalinity for cleaning, and to soften | 
laundry water. In addition, soda ash was a component of sodium 
tripolyphosphate (STPP), another major builder in detergent 
formulations. Soda ash consumption has been decreasing | 
because phosphatic detergents can contribute to eutrophication, 
which is an environmental concern. Many regions of the Hasen 
have adopted phosphate limitations or bans, affecting about 40% 
of the U.S. population. 

In response to the environmental concern that cardboard 
detergent packaging contributes to the volume of landfill NES. 
detergent manufacturers changed formulations to make caries 
and superconcentrated products. These reformulations Pci 
sodium silicates and synthetic zeolites, which are made from | 
soda ash. Liquid detergents, which do not contain any soda as , 

‘th powdered detergents and commanded about 50 Yo 
competed with p ket in 2012 
of the household laundry detergent market in | 


Stocks 


stocks of dense soda ash in domestic plant 

os. terminals, warehouses, and on teamtracks (a small railroad 
PA | ur track) amounted to 338,000 metric tons (t). | 
а dicated that a potential supply problem could exist 
poops | s decreased to less than 180,000 t. Most consumers 
4 O ш not have the storage facilities to accommodate 
s madens of soda ash and needed to rely on suppliers to 
arge 


provide the material on a timely basis. 
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Prices 


The annual average value in 2012 for bulk, dense natural soda 
ash, free on board (f.o.b.) Green River, WY, and Searles Valley, 
CA, was $156.42 per metric ton ($141.90 per short ton), which 
was a 6% increase from that of the previous year. The value 
is not a “рисе,” but rather the value of the combined revenue 
of California and Wyoming bulk, dense soda ash sold on an 
f.o.b. plant basis at list, spot, or discount prices, on long-term 
contracts, and for export, divided by the quantity of soda ash 
sold. Only merchant soda ash is used to derive the annual 
value; therefore, no soda ash for value-added products or soda 
liquors is included. The list prices quoted in trade journals or by 
producers differed from the annual average values reported to 
and by the USGS. 

Only July 2, Tata Chemicals North America Inc. announced а 
soda ash price increase of $10 per short ton effective 
July 2, 2012, or as contracts allowed for all grades of soda ash 
and for bulk and packaged products. Tata Chemicals' new list 
price for bulk, dense soda ash was $275 per short ton (Tata 
Chemicals North America Inc., 2012). On July 10, FMC 
followed with a soda ash price increase of $10 per short ton 
effective August 1, 2012, or as contracts allowed for all grades 
of soda ash and for both bulk and packaged products. The 
company stated that the increase was necessary to "recover cost 
increases and to support continued investment in the business." 
The new FMC list price for bulk, dense soda ash was $275 per 
short ton (FMC Corp., 2012a). 


Foreign Trade 


The majority of U.S. soda ash exports were controlled by 
ANSAC, which is involved exclusively in the export trade 
of soda ash, defined as an alkali product designated by the 
chemical formula Na,CO,, whether manufactured by brine 
evaporation and purification, Solvay process, trona refining, ог | 
any other means. Under the Treaty of Rome agreement (1958), | 
ANSAC is not permitted to ship soda ash to the European Union 
(EU); however, the members of the U.S. soda ash industry 
formed another organization for shipping to this region. It is 
the American-European Soda Ash Shipping Association, Inc. 
(AESSA) that is engaged solely in storage, transportation, 
and other related logistical and technical support activities. 
to promote and further its members' individual rs a 
soda ash being shipped to the EU. Both AN SAC and AE 5 
were formed as Webb-Pomerene export associations under 
authority of the U.S. Federal Trade Commission. 

аи to the U.S. Census Bureau, U.S. soda ay ae 
for 2012 were 6.11 Mt, which represented about 55% is m 
soda ash production. For comparison, exports Ar 1990, 
only 596 of U.S. production in 1970, 13% in 198 је; ten 
and 38% in 2000. In 2012, the regional percentage à RAM 
of U.S. exports to 56 countries were Asia, 29%; 2. tbe Middle 
27%: North America, 22%; Europe, 9%; EAR e: м 
East and Oceania, 3% each; Central America, 1%; а 
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Caribbean, less than 1% (table 5). The average free alongside 
ship value was $202.43 per metric ton in 2012 compared with 
$190.07 per ton in 2011. Although the data in tables 1 and 6 
are rounded to three significant digits, the unit values listed 

in table 6 are based on the unrounded statistics. In 2012, the 

10 leading countries, representing 6896 of total U.S. soda ash 
exports were, in decreasing order and percentage of total, 
Mexico, 18%; Brazil, 1196; Indonesia, 10%; Chile, 6%; Canada, 
5%; the Netherlands, 4%; Japan, 4%; the Republic of Korea, 
3%; Thailand, 3%; and Taiwan, 3% (table 6). About 45% of all 
U.S. soda ash exports went through the Columbia-Snake River 
customs district in Idaho, Oregon, and Washington; the Port 
Arthur, TX, customs district was the second-ranked customs 
district with 25% of the total; and the Laredo, TX, customs 
district was third with 14% of the total (table 5). 

Imports of soda ash decreased to 13,000 t in 2012 and came 
from 20 countries according to U.S. Census Bureau data. In 2012, 
74% of soda ash imports were from Italy (3296), Canada (17%), 
Mexico (13%), and the United Kingdom (12%). The remaining 
26% of imports was from Argentina, Belgium, China, Denmark, 
the Dominican Republic, France, Germany, Greece, Hong Kong, 
India, Japan, Poland, the Republic of Korea, Romania, Turkey, 
and Ukraine. The Dominican Republic and Hong Kong were 
listed as sources; however, neither country produces soda ash. It 
is possible that the entry was erroneous or that the product was 
transshipped from another location, such as imports from Canada 
(which no longer produces soda ash) that may have originated 
from England. The imports from China actually were thought to 
be sodium carbonate peroxohydrate that is the active ingredient 
in algaecides and fungicides. The average cost, insurance, and 
freight value of imported soda ash was $258.30 per ton, and the 
customs value was $207.53 per ton. 


World Review 


Soda ash is a mature commodity in which consumption tends 
to increase in proportion to population and gross domestic 
product growth rates. For this reason, the leading consumers of 
soda ash were, for the most part, developed nations with lower 
growth rates compared with those of developing countries. The 
developing nations tend to use less soda ash than developed 
nations but have higher growth rates. Although the production 
and consumption quantities varied among the countries, the 
end-use patterns were basically the same— glass, chemicals, and 
detergents were the major sectors. 

In 2012, world soda ash production was estimated to be 
52.9 Mt, which was a 4% increase from that of 2011. Of the 
28 countries that produce natural and synthetic soda ash, 
the United States was the world's second-ranked producer, 
accounting for 2196 of total world output. Only Botswana, China, 
Ethiopia, Kenya, Turkey, and the United States produce soda ash 
from natural sources; the remaining 22 nations manufacture soda 
ash through various сћеписа! processes, primarily the Solvay 
process. Total world natural soda ash production represented 
about 22% of combined world soda ash production. 

Eight countries produced 1 Mt/yr or more of soda ash. They 
were, in descending order, China, the United States, Russia, 
Germany, Turkey, India, Poland, and France (table 7). These 
nations accounted for 8794 of world production in 2012. 
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Bulgaria, Romania, and Ukraine had production installations 
that were rated at about 1 Mt/yr; adverse economic conditions, 
however, caused these nations to produce below their facilities’ 
design capacities. 

China.—In 2012, prices for Chinese soda ash dropped as 
demand fell in China and abroad. Additionally, other factors in 
the price drop included a fall in raw material prices, soda ash 
overcapacity in China, and the relative low cost of soda ash 
produced in the United States (Industrial Minerals, 2012b). 

India.—One of India’s largest soda ash producers, Gujarat 
Heavy Chemicals Ltd. (GHCL), was served a closure notice in 
2012 by the Gujarat Pollution Control Board. The reasons for 
the closure notice were for causing air and water pollution. The 
plant reopened after a closure lasting for 15 days. GHCL’s plant 
produces about 850,000 t/yr of synthetic soda ash (Industrial 
Minerals, 201 2a). 

Saudi Arabia.—The International Institute for Democracy 
and Electoral Assistance (IDEA) established the IDEA Soda Ash 
and Calcium Chloride Co. (ISACC) that awarded an engineering 
and project management contract for the construction of the 
first synthetic soda ash plant in Jubail II Industrial City. Plans 
to build the $300 million soda ash plant progressed in 2012. 
Project engineering and management were awarded to Jacobs 
Engineering Group Inc. of the United States. The production 
capacity of the plant was planned to be 500,000 t/yr of soda ash’ 
and 575,000 t/yr of calcium chloride. Startup was expected by 
yearend 2014 (Industrial Minerals, 2012а). 

Uzbekistan.—During 2012, the Kungrad Soda Plant began 
work on expanding production capacity to 150,000 t/yr of soda 
ash. Completion of the project was expected in the next few 
years. Initial design capacity of the plant was 100,000 t/yr 
of soda ash and the plant produced 97,800 t of soda ash in 
2011. The main customers of the Kungrad Soda Plant were 
Kazakhstan, Turkmenistan, and Russia (Hasanov, 2012). 


Outlook 


The domestic and foreign industries that consume soda ash 
continued recovering from the global economic problems that 
began in 2008. U.S. soda ash producers increased production 
and exports in 2012 with soda ash prices reaching a record 
high. Three dominant groups have survived to become the 
world's leading suppliers of soda ash—ANSAC of the United 
States (which represented three of the five domestic producers 
in 2012), Chinese producers, and Solvay S.A. of Belgium. It 
is very likely that some smaller soda ash facilities in the world 
may close because of energy and environmental considerations 
and competition from the major producers. 

With the continued recovery in the U.S. and world economy, 
U.S. soda ash production for 2013 through 2015 is expected to 
increase. Because exports now exceed domestic consumption, 
it is forecast that U.S. soda ash suppliers will continue to 
achieve higher soda ash sales prices by placing greater emphasis 
on export sales to compete with the more expensive foreign 
synthetic soda ash. Global economic problems are expected 
to ease slowly in the next few years and stimulate world soda 
ash consumption. The United States likely will continue to 
compete with Chinese soda ash producers in the Far Eastern 
markets. U.S. soda ash exports started to increase in 2010 and 
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the trend has continued. U.S. soda ash exports in 2013 are 
expected to increase, causing domestic soda ash production to 
increase slightly. Asia and South America remain the most likely 
areas for increased soda ash consumption in the near future. 
Additionally, some major soda ash producers were optimistic 
about increased demand for soda ash in the near term (FMC 
Corp., 2012b; Tata Chemicals Ltd., 2012). 
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ТАВТЕ 1 
: SALIENT SODA ASH STATISTICS! 


(Thousand metric tons and thousand dollars except average annual value) 


2 2008 2009 2010 2011 2012 
| United States: 
E Production: 
= Soda ash: 
: Quantity 11,300 9,310 10,600 10,700 11,100 
E Value 1,520,000 1,330,000 1,360,000 1,580,000 1,740,000 
Value, average annual: 
Per short ton $122.11 $129.88 $116.47 $133.57 $141.90 
Per metric ton $134.60 $143.17 $128.39 $147.24 $156.42 
Wyoming trona 17,800 15,100 15,900 16,500 17,100 
Exports: 
Quantity 5,370 4,410 5,390 5,470 6,110 
Value 939,000 838,000 886,000 1,040,000 1,240,000 
Imports for consumption: 
Quantity 13 6 20 27 13 
Value 3,820 2,350 5,770 5,660 3,360 
~ Stocks, December 31, producers’ 259 217 220 282 338 
Consumption: 
Apparent 5,860 4,950 5,200 5,220 4,980 


Reported 5,700 5,020 5,270 5,150 5,060 


World, production" 46,700 ' 44,100 € 47,700 ' 51,000 ' 52,900 


“Estimated. ‘Revised. 
'Data are rounded to no more than three significant digits, except average annual value. 


TABLE 2 
U.S. PRODUCTION OF SODIUM COMPOUNDS, BY MONTH! 


(Thousand metric tons) 


2011 2012 
Wyoming Wyoming 
Soda ash trona? Sodaash trona? 

January 888 1,510 929 1,520 
February 813 1,410 833 1,410 
March 904 1,480 964 1,560 
April 824 1,270 861 1,380 
May 881 1,290 833 1,330 
June 899 1,370 952 1,470 
July 918 1,130 933 1,320 
August 970 1,450 1,020 1,460 
September 849 1,300 892 1,130 
October 94] 1,480 982 1,540 
November 864 1,360 969 1,570 
December 975 1,420 966 1,440 
Total 10,700 16,500 11,100 17,100 


‘Data are rounded to no more than three significant digits; may 
not add to totals shown. 


2 | Р 
Includes solution-mined trona. 
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TABLE 3 


U.S. PRODUCERS OF SODA ASH IN 2012 


(Million short tons unless otherwise noted) 


Company 
FMC Wyoming Corp.: 
Granger 
Green River 


Partner(s) 


None 


Sheet Glass Co., Ltd. (2096, combined) 


OCI Chemical Corp. DC Chemical Co., Ltd. (51%) and Anadarko 
Petroleum Corp. (49%) 
Searles Valley Minerals, Inc. None 
Solvay Chemicals, Inc.: 
Green River Joint venture with Asahi Glass Со. (20%) 
Parachute do. ih 
Tata Chemicals (Soda Ash) Partners Joint venture with Owens-Illinois, Inc. (25%) 
Total 
Total million metric tons 


Do., do. Ditto. 


TABLE 4 


Joint venture with Sumitomo Corp. and Nippon 


REPORTED CONSUMPTION OF SODA ASH IN THE UNITED STATES, BY END USE, BY QUARTER! 


(Thousand metric tons) 


? Ist 
s End use 2011 quarter 

72 Glass: 

CUT 3 Container 1,260 322 

327211 Flat 973 219 

327993 Fiber 132 29 

32721? Other 122 27 

Total 2,480 597 

32518 Chemicals 1,510 373 

325611 Soaps and detergents 430 1 

322 Pulp and paper à 

221310 Water treatment | s ji 

56221 Flue gas desulfurization i 2 

422 Distributors ue 3 
Other 

Total domestic consumption“ 5,150 1,250 

Exports’ _ OFER 5,470 1,410 

Canada 249 63 

Total industry sales! 10,600 2.670 

Total sales from plants 15,800 2,670 

Total production 10,700 2,730 


igni igits; not add to totals shown. 
‘Data are rounded to no more than three significant digits; may 


2 ‘can Industry Classification System. 
North America | | 
3Includes soda ash equivalent from soda liquors and purge liquors sold to powerp 


троп reported by t 


6Represents soda as 


oducers and distributed by purchasers into appropriate end-use categories. 
copr 


Plant 
nameplate Source of 
capacity Plant location sodium carbonate _ 
1.30 Granger, WY Underground trona. 
3.55 Green River, WY Do. 
3:25 до. Ро. 
145 Trona, CA Dry lake brine. 
2.80 Green River, МУ Underground trona. 
1.00 Parachute, CO Underground nahcolite. 
2.80 Green River, WY Underground trona. 
16.00 
14.50 
2012 па lt es Tle 
2d 3d 4th 
quarter quarter uarter Total 
321 312 306 1,260 
226 240 243 928 | 
28 29 32 117 | 
29 26 28 10 
604 608 609 2,420 
375 368 366 1,480 
92 96 100 392 
20 23 18 8l | 
16 17 14 62 
30 49 47 164 
72 70 68 281 
49 53 50 185 
1,260 1,280 1,270 5,060 
1,430 1,450 1,640 5,930 
í 56 56 66 242 
2 680 2,740 2,910 11,000 
2.720 2,780 2,920 11,100 
2,650 2,840 2920 — 100. 


he producer/importer have been distributed into appropriate end-use ша тх px | 
i ily agree with those reported by the U.5. Сеп 
ers; includes Canada. Data may not necessary | ee 
QU gigni domestic origin (production and inventory changes) and imports and exports. Includes soda ash 5 
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Country 
Argentina 
Belgium — — 
Canada 
Chile 
Colombia 
Costa Rica 
Ecuador 
ElSalvador — — 
France 
Guatemala 
Indonesia 
an 
Korea, Republic of 
Lithuania 
Malaysia 
Mexico 
Netherlands 
New Zealand 
Peru 
Philippines 
Portugal 
Saudi Arabia 
South Africa 
Spain 
Taiwan 
Thailand 
Tunisia 
United Arab Emirates 
United Kingdom 
Venezuela 


a LLL cL 


Vietnam 


e_m 


Other 


Moin э —————— 


Total 
-- Zero. 


TABLE 6 


U.S. EXPORTS OF SODA ASH, BY COUNTRY! 


Quantity 


(thousand 

metric tons) 
100 

136 

138 

659 

288 

294 

132 

24 

14 


5,470 


2011 


Value? 
(thousands) 
$19,000 
28,600 
21,400 
111,000 
57,500 
51,900 
22,800 
4,660 
2,930 
3,350 
6,910 
7,340 
112,000 
43,900 
46,400 
10,800 
9,520 
192,000 
35,200 
4,400 
19,800 
12,700 
3,800 
13,500 
29,800 
10,400 
43,100 
29,400 
14,100 
8,390 
5,810 
43,400 
5,400 
7,890 
1,040,000 


Unit 
value 
$190 
210 
155 
169 
200 
176 
173 
194 
209 
209 
141 
198 
212 
183 
215 
152 
221 
217 
173 
191 
191 
193 
141 
153 
138 
150 
204 
192 
137 
152 
306 
230 
186 


164 


190 


2012 
Quantity 
(thousand Value? 
metric tons) (thousands) 
119 $24,500 
162 35,600 
96 12,800 
688 139,000 
289 56,100 
362 71,700 
168 31,500 
18 4,010 
27 5,890 
10 2,020 
36 5,400 
42 9,100 
639 134,000 
247 48,900 
193 43,500 
42 5,420 
61 13,500 
1,080 238,000 
272 44,000 
42 9,650 
92 20,400 
53 11,800 
27 3,720 
101 21,000 
153 22,900 
45 7,240 
184 38,800 
186 41,900 
173 30,000 
64 13,100 
172 43,300 
56 11,700 
210 29,800 
6,110 1,240,000 


Гана are rounded to no more than three significant digits, except unit value; may not add to totals shown. 


?Free alongside ship value. 


Source: U.S. Census Bureau. 
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Unit 

value 
$206 
220 
133 
201 
194 
215 
188 
223 
218 
202 
150 
217 
210 
198 
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TABLE 7 
SODA ASH: ESTIMATED WORLD PRODUCTION, BY COUNTRY"? 


(Thousand metric tons) 


Australia 310 310 310 310 310 
Bosnia and Herzegovina NA' МА ' NA' МА ' МА 
Botswana' 264 "5 215 55 241 ^5 230 ' 230 
Brazil 200 200 200 200 200 
Bulgaria 800 800 800 800 800 
Chad 12 12 12 13 13 
China? 18,540 19,450 20,350 22,940 ' 24,040 
Egypt p 50 50 50 50 50 
Ethiopia’ 255 2/5 21 2t 2 
France 1,000 1,000 1,000 1,000 1,000 
Germany? 2,715 2,291 2,539 2,668 ' 2,627 
‘India 1,500 1,500 1,500 1,500 1,500 
Italy 500 500 500 500 500 
Japan 400 400 400 400 400 
Kenya' 513 5 405 ° 474 5 499 "5 500 
Korea, Republic of -- ' -' -- 7 -- ' 300 
Mexico 290 290 290 290 290 
Netherlands 400 400 400 400 400 
Pakistan 250 260 394 ' 400 ' 410 
Poland 1,190 890 1,010 1,061 "$ 1,060 
Ропира! 150 150 150 150 150 
Romania 450 400 350° 420 ' 450 
Russia 2,800 2,322 "5 2,670 ^? 2,822 ^? 2,850 
Spain 500 500 500 500 500 
Taiwan = 140 140 140 140 140 
Turkey 949 5 1,079 5 1,623 "5 1,749 "5 1,800 
Ukraine 978 680 707 700 ' 700 
United Kingdom _ 500 500 500 500 500 
United States^? 11,300 9.310 10,600 10,700 11,100 

Total 46,700 ' 44,100 ' 47,100 ' 51,000 ' 52.900 


‘Revised. NA Not available. -- Zero. 
! World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
2ТаЫе includes data available through August 1, 2013. Synthetic unless otherwise specified. 


?In addition to the countries listed, Bosnia and Herzegovina, Iran, and Tanzania produced soda ash; available general 
information is inadequate for the formulation of reliable estimates of output levels. 


^Natural only. 
‘Reported figure. 
Data for the Ethiopian calendar year ending July 7 of the year listed. 
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STONE, CRUSHED 
By Jason Christopher Willett 


Domestic survey data were prepared by Paula R. Neely, statistical assistant. 


A total 1.17 billion metric tons (Gt) of crushed stone was 
produced for consumption in the United States in 2012, a slight 
increase from the total production of 2011 and 34% less than 
the record high of 1.78 Gt in 2006. In 2012, the total value of 
crushed stone produced in the United States was $11.4 billion, 
а slight increase compared with that of 2011 and 20% less 
than that of 2006 (table 1). The average unit price for crushed 
stone increased slightly compared with the average unit price 
for 2011. After the relatively constant production level of the 
past 3 years, this was the first increase since 2006, but still 
it was lower than the level of crushed stone production for 
consumption in the United States in 1993. 

About 7096 of crushed stone production was limestone and 
dolomite, followed by, in descending order of tonnage, granite, 
traprock, miscellaneous stone, sandstone and quartzite, marble, 
volcanic cinder and scoria, shell, slate, and calcareous marl 
(table 2). 

Foreign trade in crushed stone remained relatively small 
compared to nationwide consumption. In 2012, U.S. exports 
increased by 25% to 1.14 million metric tons (Mt) compared 
with 911,000 metric tons (t) in 2011, and the value increased 
by 7% to $44.6 million, compared with $41.8 million in 2011 
(tables 1, 17). U.S. imports of crushed stone, including calcium 
carbonate fines, increased by 396 to 15.4 Mt, and the value 
increased by 16% to $208 million compared with the 2011 totals 
(tables 1, 18). Apparent domestic consumption of crushed stone, 
which is defined as production for consumption (sold or used) 
plus recycling and imports minus exports, increased slightly 
compared with that of 2011 because increases in exports were 
offset by increases in imports, production for consumption 
of crushed stone, and sales of recycled materials used as 
construction aggregates in 2012. 

Stone is one of the most accessible natural resources on Earth 
and one of the fundamental building blocks of society. It has 
been used from the earliest times of civilization in a variety of 
ways that have increased in number and complexity with time 
and technological progress. Today, in its crushed form, stone 
Is a major basic raw material for the construction industry, 
as well as agriculture and other industries that use complex 
chemical and metallurgical processes. Despite the relatively 
low, but increasing, unit value of its basic products, the crushed 
stone industry is a major contributor to and an indicator of the 
economic well-being of the Nation. Construction aggregates are 
defined as the combination of crushed stone and construction 
sand and gravel. The construction sand and gravel industry is 
reviewed in a separate chapter, and both mineral commodities 
are usually included in any review of national or State 
aggregates industry. 
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Production 


Domestic production data for crushed stone were derived by 
the U.S. Geological Survey (USGS) from voluntary surveys of 
U.S. producers. In 2012, a total of 1,517 companies produced 
or sold crushed stone from 3,619 operations with 3,951 quarries 
and 203 sales and (or) distribution sites. Of the 3,619 active 
operations, 2,088 operations reported their production or sales 
to the USGS, and their total production was 799 Mt (68% of the 
U.S. total). Of the 2,088 reporting operations, 654 operations did 
not report a breakdown by end use. Their total production was 
313 Mt (2796 of the U.S. total) and is included in table 9 under 
“Unspecified, reported" uses. 

Production of the nonresponding quarries was estimated 
by using employment data provided by the Mine Safety and 
Health Administration (MSHA). The estimated output of 
1,515 nonrespondent operations was 368 Mt (32% of the 
U.S. total) and is included in table 9 under “Unspecified, 
estimated" uses. 

А total of 379 operations reported that they were active sales 
yards with 176 of those reporting that they sold only recycled 
aggregates. Virgin crushed stone was reported by 203 sales 
yards in 2012, and the total quantity of crushed stone sold from 
these operations was 31.4 Mt. Information regarding the number 
of active operations, including recycling operations, active 
quarries, type of processing plants, and number of sales yards by 
State is provided in table 16. 

Crushed stone was produced in every State except Delaware. 
Starting with 2005, Delaware's production is included in the 
U.S. total because of sales yards that reported sales of crushed 
stone in the State. The 10 leading producing States were, in 
descending order of tonnage, Texas, Pennsylvania, Missouri, 
Ohio, Illinois, Florida, Kentucky, Virginia, Indiana, and North 
Carolina. The combined production of the 10 leading States 
increased slightly and was 607 Mt, more than one-half of the 
national total (table 4). 

Included in the total number of active operations were 
85 underground mines, which produced 71.1 Mt of crushed 
stone in 2012. Active underground mines were in 18 States. 

The five leading States were, in descending order of tonnage, 
Kentucky, Pennsylvania, Missouri, Illinois, and Nebraska. 
Their combined production was 48.1 Mt (6894 of the total of 
U.S. crushed stone produced underground). 

А total of 356 crushed stone operations were either idle or 
presumed to have been idle in 2012 because no production 
report was received, and no employment information was 
available to estimate their production. Since the 2011 survey, 
167 operations have closed. Most of the idle or closed 
operations were small, temporary quarries, some of which 
were operated by State or local governments. Operations in 
U.S. territories are not included in the above count. 


Of the total 1.17 Gt of crushed stone produced for 
consumption in the United States in 2012, 70% was limestone 
and dolomite; 13% was granite; 696 was traprock; 5% was 
miscellaneous stone; and 4% was sandstone and quartzite. The 
remaining 2% was shared, in descending order of tonnage, by 
marble, volcanic cinder and scoria, shell, slate, and calcareous 
marl. These percentages were calculated on the total amount 
of crushed stone produced for consumption that was reported, 
including individual amounts that were withheld to avoid 
disclosing company proprietary data (table 2). 

A review of production by size of operation at the national 
level indicates that, in 2012, 495 Mt of crushed stone (4296 
of the total crushed stone) was produced by 283 operations 
reporting production of more than 1 million metric tons per 
year; 302 Mt was produced by 483 operations reporting 
production between 500,000 and 999,999 metric tons per year 
(t/yr); and 324 Mt was produced by 1,400 operations reporting 
production between 100,000 and 499,999 t/yr. Operations that 
produced more than 500,000 t/yr accounted for 68% of total 
crushed stone produced in the United States in 2012, a slight 
increase compared with that of 2011 (table 5a). By geographic 
region, in 2012, the South had 1,276 active operations, 
followed by the Midwest with 1,031, the West with 738, and the 
Northeast with 574 active operations (table 5b). 

The leading U.S. producing companies in 2012 were, in 
descending order of tonnage, Vulcan Materials Co.; Martin 
Marietta Aggregates; Oldcastle Materials, Inc.; Lehigh Hanson, 
Inc.; CEMEX S.A.B. de C.V.; Lafarge North America Inc.; 
Carmeuse Lime & Stone; Rogers Group, Inc.; Holcim Group/ 
Aggregate Industries Management, Inc.; and New Enterprise 
Stone & Lime Co., Inc. (table 19). In 2012, the combined 
production of the top 10 companies increased slightly to 513 Mt 
(44% of the national total). The combined production of the top 
100 companies was 855 Mt (73% of the national total). 

Merger and acquisition activity in the U.S. construction 
aggregates industry, after the significant acquisitions that took 
place in 2007, slowed to a much lower level and then came to a 
virtual stop in 2009. The industry continued in a holding pattern 
throughout the past 3 years, with numerous small regional 
purchases throughout 2012 and one large failed hostile takeover. 

None of the activity over the past few years was close in size 
or scope to a proposed merger that was announced at the end of 
2011, when the second ranked construction aggregates producer, 
Martin Marietta, made a hostile takeover offer for the leading 
construction aggregates producer, Vulcan Materials ne? 
2012). Vulcan revealed that Martin Marietta had commence 
an unsolicited exchange offer to acquire all outstanding 
common shares at à fixed exchange ratio of 0.50 shares of 


Martin Marietta Materials common stock for each share of 
a 


Vulcan Materials common stock. Vulcan's Board of Directors 
ulca 


ake no action at that time pending the 
advised s рай exci offer by the Vulcan Materials" 
ES Ican Materials Co., 20112). The Vulcan Board of 
Beatty onded on December 22, after consultation with 
Directors iu d legal advisors, which unanimously determined 
ll Поа 2. Marietta offer to acquire Vulcan was not in the 
that ke Menge Vulcan and its shareholders. Accordingly, the 
best inte 


ded that shareholders not tender any 
ly recommen 
Board strong 
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shares to Martin Marietta (Vulcan Materials Co., 2011b). After 
several months of controversy and court proceedings, on May 
14, 2012, Martin Marietta was ordered by a Delaware court 
to immediately withdraw and terminate its exchange offer for 
Vulcan’s shares (Vulcan Materials Co., 2012). 

The third ranked construction aggregates producer, Oldcastle 
Materials, spent most of the year making regional purchases 
to strengthen its market presence in select markets. Oldcastle 
announced that it completed several acquisitions during the first 
6 months of 2012, which added 47 million tons of construction 
aggregates reserves (Aggregates Manager, 2012b). At the end 
of 2012, Oldcastle acquired a majority stake in New Jersey- 
based crushed stone producer, Trap Rock Industries, Inc. In 
addition, Haines & Kibblehouse, Inc. sold a few select assets 
in Pennsylvania and Maryland to Oldcastle (Aggregates 
Manager, 2013). 

Summit Materials bought Norris Asphalt Paving Co. and 
its 19 aggregates operations in Missouri to increase Summit 
Materials’ presence in northwest Missouri and the surrounding 
States (Aggregates Manager, 2012a). VantaCore Partners 
acquired West Virginia-based Laurel Aggregates, Inc., which 
served southwestern Pennsylvania, northern West Virginia, 
Western Maryland, and eastern Ohio from its underground 
limestone quarry in Lake Lynn, Pennsylvania (Aggregates 
Manager, 2012b). 

Production of crushed stone by type is detailed below. 

Calcareous Marl.—Output of calcareous marl increased Th 
compared with that of 2011 to 1.8 Mt valued at $1 1.3 million 
(table 2). 

Dolomite.—Production of dolomite decreased slightly 
compared with the total for 2011 to 49.8 Mt valued at 
$491 million (table 2). Crushed dolomite production was | 
reported in 26 States. The leading producing States were, In 
descending order of tonnage, Illinois, Pennsylvania, New York, 
Michigan, and Indiana; the total production of these five States 
was 36.7 Mt (74% of the U.S. output) (table 6). An additional 
undetermined amount of dolomite was included in the crushed 
limestone total, as explained in the limestone portion of the 
“Production” section. | 4S 

Granite. —The output of crushed granite decreased by 0 
compared with that of 2011 to 150 Mt valued at $1.9 ати 
(table 2). Crushed granite was reported as being bie 11 
34 States. The leading producing States were, 1n descen ~ 
order of tonnage, Georgia, North Carolina, Virginia, Soul digi 
Carolina, and California; the total production of these five 
was 101 Mt (67% of the U.S. output) (table 7). _ T 

Limestone.—The output of crushed limestone, inclu a T 
some dolomite, increased slightly compar ed with that o duction 
to 768 Mt valued at $7.0 billion (table 2). Limestone s of 
was reported in 46 States, which includes small а 
limestone and dolomite being produced in the + e М 
Companies in 26 States reported production oret d МЕ with 
of limestone and dolomite combined which was sid in 
the limestone listed in table 2. The limestone cae of 
this chapter, therefore, include an ipu dnd И The 
dolomite in addition to the dolomite iin Bum of tonnage, 
leading producing States were, т descending 


` - the total 
Texas, Missouri, Ohio, Pennsylvania, and Kentucky; 
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production of these five States was 330 Mt (43% of the total 
U.S. output) (table 6). 

Marble.—Production of crushed marble decreased 
slightly compared with the total for 2011 to 5.8 Mt valued at 
$89.3 million (table 2). Crushed marble production was reported 
in 14 States. 


Miscellaneous Stone.—This category includes three different 
types of miscellaneous crushed stone production. The first 
type is a crushed stone, which was reported by the company as 
“other” on the survey form or as a type of stone not listed on 
table 2. The second type is production of unknown stone type 
from a company or operation that is new to the survey. The 
first year an operation is added to the survey, its production is 
often estimated using MSHA employment data. The type of 
stone produced is updated when a response is received from 
the operation and the data are revised for the next report. The 
third type is production of a known stone type when the amount 
reported must be withheld to protect company proprietary data. 
The concealed amount is added to the quantity of miscellaneous 
stone produced in that State and then published. 

The output of miscellaneous stone increased by 5% compared 
with the total for 2011 to 61.7 Mt, valued at $544 million 
(table 2). In 2012, the reported amount of miscellaneous stone 
accounted for 83% of the total output of miscellaneous stone 
and 76% of its value (table 8). The remaining 17% (12.4 Mt) of 
the total output consisted of known stone types for which data 
were withheld. 

Sandstone and Quartzite.—The output of crushed sandstone 
and quartzite decreased slightly compared with the total for 
2011 to 43.9 Mt, valued at $400 million (table 2). Crushed 
sandstone production was reported in 29 States, and quartzite 
was produced in 18 States. The leading producing States were, 
in descending order of combined tonnage of sandstone and 
quartzite, Pennsylvania, Arkansas, Texas, South Dakota, and 
Colorado. Their combined total production was 28.1 Mt (64% of 
the U.S. output) (table 7). 

Shell.—Shell is derived mainly from fossil reefs or 
oyster shell banks. The output of crushed shell increased by 
11% compared with the total for 2011 to 3.4 Mt, valued at 
$46.4 million (table 2). Crushed shell was reported as being 
produced in California, Florida, and Louisiana (table 8). 

Slate.—The output of crushed slate decreased by 10% 
compared with that of 2011 to 2.4 Mt, valued at $26.6 million 
(table 2). Crushed slate was produced in 10 States, with North 
Carolina and Pennsylvania accounting for about one-half of the 
total U.S. output. 

Traprock.—Production of crushed traprock increased 
slightly compared with the total for 2011 to 75.8 Mt, valued at 
$872 million (table 2). Traprock was reported as being produced 
in 28 States. The leading producing States were, in descending 
order of tonnage, Virginia, New Jersey, Washington, Oregon, 
and North Carolina; these five States produced 37.9 Mt (50% of 
the U.S. output) (table 7). 

Volcanic Cinder and Scoria.—Production of volcanic cinder 
and scoria decreased by 6% compared with the total for 2011 
to 4.2 Mt, valued at $30.4 million (table 2). Volcanic cinder 
and scoria production was reported in 13 States, with the 
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top producing State of Wyoming accounting for 42% of the 
U.S. output (table 8). 


Consumption 


Crushed stone production reported to the USGS is actually 
material that was either sold to other companies or consumers 
or was used by producers. Stockpiled production is not included 
in the reported quantities. The “sold or used” tonnage, therefore, 
represents the amount of production released for domestic 
consumption or export in a given year. Because some of the 
crushed stone producers did not report a breakdown by end 
use, their total production was included in the “Unspecified, 
reported” use category. The estimated production of 
nonrespondents was included in the “Unspecified, estimated” 
use category. 

The ultimate use of crushed stone determines the specification 
for particle size and gradation, shape, rock type, and chemical 
composition. Crushed stone can be used without any binder, for 
a variety of construction or industrial applications, or it can be 
mixed with a matrix binding material, such as bituminous or 
portland cement. The most common use of crushed stone for 
construction purposes is as aggregate without a binder, including 
road base or road surfacing material, macadam, riprap, railroad 
ballast, and filter stone. The second largest use of crushed stone 
is as aggregate for cement and bituminous concrete in a variety 
of forms and applications in residential and nonresidential 
construction, highway and road construction and repair, airports, 
dams, sewers, and foundations. Sized crushed stone is used 
to make asphaltic concrete aggregate and road bases. Broken 
surfaces adhere to the hot asphaltic mixture better than rounded 
surfaces and they provide interlocking surfaces that tend to 
strengthen the asphaltic concrete. Broken particles pack better 
and tend to move less under load than rounded particles and, 
therefore, make a better road base product for highway and 


. road construction. This characteristic is essential because bases 


and asphaltic concrete tend to flow when placed under great 

or long-duration stresses. Other uses include limestone for 
cement and lime manufacturing, as agricultural limestone for 
direct application to soil, as filler and conditioner for fertilizers, 
in animal mineral feeds, and as poultry grit. Smaller amounts 
of crushed stone are used for a variety of applications ranging 
from metallurgical fluxing of antimony, copper, iron, lead, and 
zinc to the manufacturing of glass, ceramic pottery, paper, and 
as fillers and extenders in asphalt, paint, rubber, and plastics. 
An increasing amount of finely ground limestone is being used 
to remove sulfur oxides from stack gases, primarily from coal 
burning electric generating stations, and for mine dusting to 
enhance mine safety by reducing the explosion risk of highly 
combustible coal dust. 

In 2012, U.S. apparent consumption of crushed stone, 
which is defined as U.S. production, sold or used, plus imports 
and recycled material minus exports, was 1.21 Gt, a slight 
increase compared with the apparent consumption in 2011. 

Of the 1.21 Gt of crushed stone consumed, 313 Mt (27%) was 
“Unspecified, reported,” and 368 Mt (32%) was “Unspecified, 
estimated.” Of the remaining consumption reported by uses, 
80% was used as construction aggregate, mostly for highway 
and road construction and maintenance, as well as for a 
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variety of building and nonbuilding construction; 1296 for 
cement manufacturing; 3% for agricultural uses; 3% for lime 
manufacturing; and 296 for special and miscellaneous uses and 
products (table 9). In marketing analysis or use-pattern studies, 
the quantities included in unspecified uses may be prorated and 
added to the reported uses by applying the above percentages 
calculated for the reported quantities. 

In 2012, the value of the total construction put in place 
increased by 9% compared with that of 2011 to $857 billion, as 
reported by the U.S. Census Bureau (2013). The value of total 
private construction increased by 15% to $578 billion. The value 
of total public construction decreased by 3% to $279 billion, 
which was the third consecutive year of decrease. Before 2010, 
the value of total public construction had not decreased during 
the previous 27 years. 

Additional information regarding production and consumption 
of crushed stone by type of rock and major uses in each State 
and the State districts may be found in the USGS Minerals 
Yearbook, volume II, Area Reports: Domestic. 


Recycling 


The recycling of many materials was expanding, and 
aggregates producers were increasingly recycling portland 
cement concrete and asphalt concrete materials recovered 
from construction projects to be reused to produce aggregate 
materials, especially for fill and road base applications. The 
recycling of portland cement concrete was done at some 
quarries and increasingly at sales yards or distribution sites, 
whereas asphalt concrete often was recycled in place. The USGS 
surveyed construction aggregate mining companies, construction 
companies, and demolition companies, which reported the 
following data. The data represent an unknown percentage of the 
actual U.S. total of recycled construction aggregates. 

Recycled Asphalt Concrete.—Companies in every State 
except Hawaii reported a total of 16.6 Mt of recycled asphalt, 
valued at $134 million in 2012 (table 14). The leading States 
were, in descending order of tonnage of recycled asphalt 
concrete, California, Illinois, Pennsylvania, Minnesota, and 
North Carolina. Their combined total was 7.0 Mt, an increase of 
22% compared with their combined total in 2011. | 

Recycled Portland Cement Concrete. —А total of 13.7 Mt 
of recycled concrete valued at $102 million was reported as 
recycled in 47 States (table 15). The leading States for 2012 
ing order of tonnage of о поје 

te, California, Illinois, Texas, Michigan, an 
Coie Tank combined total was 6.6 Mt, a slight decrease 
compared with their combined total of 2011. 
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Shipment by truck remains the most widely used method of 
transportation for crushed stone. The significant increase in the 
number of sales and distribution yards in the past few years 
and the increase in the volume of crushed stone sold at these 
sites have had an impact on the markets they serve, especially 
in areas that lack the geology to support crushed stone mining. 


Distribution yards, supplied by rail or waterway, are located near 


metropolitan areas and significantly reduce the distance trucks 
must travel to pick up and deliver crushed stone. Therefore, 
the transportation costs are reduced, as is the impact of heavy- 
vehicle traffic on the infrastructure and the environment. Sales 
yards serve as distribution sites and, increasingly, also serve as 
recycling sites. 


Prices 


Prices in this chapter are the annual average free on board 
plant prices, usually at the first point of sale or captive use, as 
reported by crushed stone producing companies. This value 
does not include transportation from the plant or yard to 
the consumer. It does, however, include all costs of mining, 
processing, in-plant transportation, overhead, and profit. In 
2012, 820 operations responding to the annual survey reported 
the dollar value of their production for the current and previous 
year. The average unit value for operations reporting production 
and value was $10.16 per metric ton in 2012. This was a slight 
increase compared with the reported average unit value of 
$9.98 per metric ton in 2011. Leading U.5. producers increased 
prices by 2% to 2.5% in 2012, compared with prices in 201 |. 
For those operations that reported production only, the unit 
values for total production or specific end uses were estimated 
based on what other operations in the same State reported. The 
reported State average was used in the estimation for operations 
reporting total production only. 

Additional information regarding prices of crushed stone by 
type of rock and uses in the United States and each State and 
the State districts may be found throughout the tables included 
in this chapter and in the USGS Minerals Yearbook, volume Il, 
Area Reports—Domestic. 


Foreign Trade 


The widespread distribution of domestic deposits of stone 
suitable for mining as crushed stone, the large number of TY 
existing active operations around the country, and the Hed 
of transportation limit foreign trade to mostly local transa 
across international boundaries. U.S. imports and Ln 
continue to be small, representing slightly more than 1% 0 
domestic consumption. Tm 

Information on imports от crushe | 
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stone imported to Florida from Mexico was а. ынс 
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stone, which were transported from one State to another. For 
example, crushed stone mined in Kentucky and shipped down 
the Mississippi River to be used in Louisiana was included in 
the total of crushed stone sold or used in Louisiana. 

Exports.—Exports of crushed stone increased by 25% to 
1.14 Mt compared with the total of 911,000 t in 2011, and the 
value increased by 796 to $44.6 million. In 2012, exports of 
crushed limestone for cement manufacturing averaged a unit 
value of $17.11 per ton, which was lower than the average unit 
value of 2011 (table 17). 

Imports.—\mports of crushed stone increased by 3% to 
15.4 Mt compared with those of 2011, and the value increased 
by 16% to $208 million. Of the imported crushed stone, 63% 
was limestone used as construction aggregate, as flux stone, and 
in cement manufacturing (table 18). 


Outlook 


The crushed stone industry is a cyclical business, reacting 
to the levels of activity in public infrastructure projects, 
commercial and residential construction markets, and other 
types of construction. The residential construction slowdown 
in the United States was well documented and led to decreased 
consumption of crushed stone. After 4 difficult years, residential 
construction appeared to level off in late 2010 and increased 
in 2011 and 2012. Based on quarterly crushed stone sales data, 
it appeared that the construction industry may have reached 
the low point in the cycle and may have begun to recover 
(Willett, 2013). 

With significantly stronger construction activity expected 
across the country in 2013, recovery in the private sector, and 
residential construction experiencing a level of growth not seen 
since late 2005, consumption of construction aggregates likely 
will increase. It is expected that the increased consumption in 
2013 from that in 2012 will reach or exceed the historical annual 
average of the past 50 years, which was a 2% to 4% increase 
per year. Decreases in the first quarter of 2013 were offset by 
slight increases in second and third quarter shipments of crushed 
stone for consumption (Willett, 2013). The estimated output 
of crushed stone in the 48 conterminous States shipped for 
consumption in the first 9 months of 2013 was 878 million tons, 
a slight increase compared with that of the same period of 2012. 
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TABLE 1 
SALIENT CRUSHED STONE STATISTICS! 


ПИ a oe eC a 


2008 2009 2010 2011 2012 
Sold or used by producers: 
Quantity 1,450,000 1,160,000 1,160,000 1,160,000 1,170,000 
Value 13,600,000 11,300,000 11,100,000 11,200,000 11,400,000 
Recycle: 
Quantity 29,100 28,500 26,400 27,300 " 30,300 
Value 252,000 264,000 201,000 214,000 " 237,000 
Exports: 
Quantity 1,240 1,260 1,210 911 1,140 
Value 61,600 58,300 52,100 41,800 44,600 
Imports for consumption: 
Quantity 20,900 12,200 14,600 15,000 15,400 
Value 232,000 174,000 185,000 179,000 208,000 
"Revised. 
!Data are rounded to no more than three significant digits. 
2Does not include American Samoa, Guam, Puerto Rico, and the U.S. Virgin Islands. 
Excludes precipitated calcium carbonate. 
TABLE 2 
CRUSHED STONE SOLD OR USED IN THE UNITED STATES, BY TYPE"? 
Е _____-__- a ns 
2011" 2012 
Quantity Quantity 
Number (thousand Value Unit Number (thousand Value Unit 
Type of quarries metric tons) _ (thousands) value ofquaries metric tons) (бозала) б 
Limestone 2,037 752,000 $6,810,000 $9.06 1,967 768,000 $6,990,000 $9.10 
Dolomite 165 51,000 508,000 9.97 146 49,800 491,000 9.86 
Marble 40 5,880 90,000 15.30 40 5,760 89300 15.52 
Calcareous marl 4 1,730 10,600 6.14 4 1,850 11,300 6.12 
Shell 8 3,030 41,800 13.81 7 3,360 46400 1383 
Granite 429 156,000 1,870,000 12.00 412 150,000 1,850,000 12.38 
Тгаргоск 352 75,500 845,000 11.20 326 75,800 872000 1150 
Sandstone and quartzite 220 44,700 401,000 8.98 225 43,900 400,000 9.10 
Slate 28 2,630 33,300 12.67 28 2,370 26,600 11.20 
Volcanic cinder and scoria 48 4,430 33,100 7.49 61 4,160 30,400 7.31 
Miscellaneous stone 715 58,700 508,000 8.66 735 61,700 544,000 8.82 
Total or average XX 1,160,000 11,200,000 9.65 XX 1,170,000 11,400,000 973 
XX Not applicable. 
'Data are rounded to no more than three significant digits, except unit values; may not add to totals shown. 
?Does not include American Samoa, Guam, Puerto Rico, and the U.S. Virgin Islands. 
Estimated quantities have been recalculated. 
“Includes limestone-dolomite reported with no distinction between the two kinds of stone. 
‘Includes sandstone-quartzite reported with no distinction between the two kinds of stone. 
s U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK—201? 
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Region/division 


Northeast: 
New England 
Middle Atlantic 
Total 
Midwest: 
East North Central 
West North Central 
Тога! 
South: 
South Atlantic 
East South Central 
West South Central 
Total 
West: 
Mountain 
Pacific 
Total 
Grand total 


TABLE 3 
2 
CRUSHED STONE SOLD OR USED IN THE UNITED STATES, BY GEOGRAPHIC DIVISION! 


(Thousand metric tons and thousand dollars) 


20113 


Quantity 


34,900 
138,000 
173,000 


190,000 
135,000 
325,000 


225,000 
123,000 
188,000 
536,000 


54,300 
67,800 
122,000 


1,160,000 


Value 


387,000 
1,480,000 
1,870,000 


1,460,000 
1,230,000 
2,690,000 


2,830,000 
1,300,000 
1,400,000 
5,530,000 


398,000 
662,000 
1,060,000 
11,200,000 


2012 
Quantity Value 

34,600 394,000 
134,000 1,420,000 
169,000 1,820,000 
192,000 1,500,000 
138,000 1,250,000 
329,000 2,760,000 
225,000 2,850,000 
120,000 1,280,000 
201,000 1,550,000 
546,000 5,680,000 
53,700 403,000 
69,500 704,000 
123,000 1,110,000 
1,170,000 11,400,000 


'Data аге rounded to no more than three significant digits; may not add to totals shown. 
?Does not include American Samoa, Guam, Puerto Rico, and the U.S. Virgin Islands. 
*Estimated quantities have been recalculated. 


TABLE 4 


CRUSHED STONE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE AND TERRITORY! 


a à ооо —— 
Quantity Quantity 

(thousand Value Unit (thousand Value Unit 

| | State ____ metric tons) (thousands) value metric tons) (thousands) value 
Alabama 33,200 $289,000 $8.71 33,300 $293,000 $8.80 
Alaska р 1,000 11,900 11.84 2,490 22,200 8.93 
Arizona 8,260 66,400 8.04 7,750 67,100 8.66 
Arkansas 25,900 210,000 8.11 23,900 187,000 7.81 
California m 32,600 295,000 9.05 33,100 319,000 9.64 
Colorado mu 8,160 63,500 7.78 7,670 61,100 796 
Connecticut _ 7,310 101,000 13.86 8,010 117,000 14.66 
Delaware W W W W W Wy 
Florida 40,700 516,000 12.67 47,400 584,000 12.32 
Georgia EN 41,500 479,000 11.54 37,800 450.000 11 9 1 
Hawaii 4,420 84,700 19.15 5,050 94,200 18.66 

Idaho EE 3,780 20,800 5.48 4,300 29.400 | 
Illinois А 52,200 499,000 9.56 49,500 484,000 dup 
Indiana | mE 41,200 292,000 7.09 42,700 299,000 is 
lowa 31,700 309,000 9.75 32,400 304,000 p 
Kansas- 15,900 132,000 8.29 15,700 134,000 " * 

y 48,0 | 
Louisiana! D i E: T T iod 
Maine 3,990 31,900 8.00 3,800 31 D М 
Maryland | 21,000 209,000 9.99 20,300 188. m 
Massachusetts 10,500 125000 — 11.91 | о Ми 


See footnotes at end of table. 
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128,000 12.17 


10,500 


71.7 


71.8 


TABLE 4—Continued 


CRUSHED STONE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE AND TERRITORY! 
ПР To a c ERE 7 NCC 
2011? 2012 
Quantity Quantity 
(thousand Value Unit (thousand Value Unit 
State metric tons) (thousands) value metric tons) (thousands) value 

Michigan 22,700 137,000 6.00 22,400 142,000 6.34 
Minnesota 8,370 101,000 12.12 8,500 98,900 11.63 
Mississippi 2,120 65,000 23.85 2,120 53,100 25.12 
Missouri 64,100 566,000 8.82 64,900 583,000 8.97 
Montana 2,640 26,800 10.17 2,620 27,100 10.34 
Nebraska 7,420 70,000 9.43 7,980 80,100 10.05 
Nevada 6,850 71,200 10.40 6,920 70,900 10.24 
New Hampshire 5,030 45,200 8.99 4,580 39,400 8.61 
New Jersey 13,800 132,000 9.59 14,800 140,000 9.49 
New Mexico 5,180 36,600 7.06 5,560 39,500 7.10 
New York 36,000 399,000 11.08 36,000 383,000 10.66 
North Carolina 40,100 586,000 14.63 41,100 616,000 14.98 
North Dakota 1,390 8,700 6.24 2,010 12,400 6.18 
Ohio 49,900 407,000 8.15 54,700 444,000 8.12 
Oklahoma 39,200 305,000 7.16 39,600 300,000 7.58 
Oregon 14,900 119,000 7.93 14,800 109,000 7.38 
Pennsylvania 87,900 951,000 10.83 83,200 899,000 10.80 
Rhode Island 1,530 16,200 10.62 1,480 16,300 11.02 
South Carolina 19,500 199,000 10.23 18,400 187,000 10.15 
South Dakota 6,060 43,400 7.16 6,110 43,900 7.18 
Tennessee 38,900 484,000 12.44 37,900 462,000 12.19 
Texas 117,000 791,000 6.77 133,000 992,000 7.47 
Utah 7,920 61,200 TU. 7,500 57,300 7.64 
Vermont 6,510 67,100 10.31 6,210 61,900 9.97 
Virginia 45,600 665,000 14.59 44,400 664,000 14.96 
Washington 14,800 152,000 10.30 14,100 159,000 11.33 
West Virginia 16,400 171,000 10.42 15,100 149,000 9.84 
Wisconsin 24,200 127,000 5.25 22,100 135,000 6.08 
Wyoming 11,500 51,300 4.45 11,400 50,500 441 
Other 6,290 101,000 16.13 5.020 82,500 16.43 

U.S. total or average 1,160,000 11,200,000 9.65 1,170,000 11,400,000 9.73 

Territory 

American Samoa (5) (5) (5) (5) (5) (5) 
diam , o oa io s (5) (5) (5) (5) (5) (5) 
Puerto Rico 7,140 73,400 10.28 7,010 70,600 10.07 
Virgin Islands (5) (5) (5) (5) (5) (5 

Grand total or average 1,160,000 11,200,000 9.67 1,170,000 11,400,000 9.75 
W Withheld to avoid disclosing company proprietary data; included with “Other.” 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
Estimated quantities have been recalculated. 
ЗА significant amount of sold or used material was shipped in from other States. 
^Includes Tutuila Island and dependencies. 
5Withheld to avoid disclosing company proprietary data; included in “Grand total or average." 
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TABLE 5A 
CRUSHED STONE SOLD OR USED IN THE UNITED STATES, BY SIZE OF OPERATION"? 


у = ig SSS SS шыв 


20113 2012 
E Quantity Quantity 
Size range Number of Percentage (thousand Percentage Numberof Percentage (thousand Percentage 
(metric tons) operations oftotal ^ metric tons) of total operations of total metric tons) of total 

Less than 25,000 642 17.3 4,950 0.4 670 18.5 4,870 0.4 
25,000 to 49,999 329 8.9 11,100 1.0 322 8.9 10,900 0.9 
50,000 to 99,999 479 12.9 31,700 2.7 461 12.7 30,400 2.6 
100,000 to 199,999 612 16.5 79,900 6.9 559 15.4 73,700 6.3 
200,000 to 299,999 398 10.7 89,900 7.8 379 10.5 85,200 73 
300,000 to 399,999 276 7.5 87,100 7.5 251 6.9 79,000 6.8 
400,000 to 499,999 221 6.0 89,000 7.7 211 5.8 85,900 7.4 
500,000 to 599,999 167 4.5 82,700 7.2 172 4.8 84,900 7.3 
600,000 to 699,999 114 3.1 67,000 5.8 99 2.7 58,300 5.0 
700,000 to 799,999 94 2.5 64,000 5.5 89 2.5 59,900 5.1 
800,000 to 899,999 58 1.6 44,600 3.9 75 21 57,400 4.9 
900,000 to 999,999 43 1.2 37,200 3.2 48 1.3 41,300 3.5 
1,000,000 to 1,499,999 144 3.9 159,000 13.8 145 4.0 159,000 13.6 
1,500,000 to 1,999,999 53 1.4 82,800 7.2 65 1.8 103,000 8.8 
2,000,000 to 2,499,999 23 0.6 47,700 4.1 19 0.5 37,400 32 
2,500,000 to 4,999,999 44 1.2 130,000 11.3 42 1.2 122,000 10.4 
5,000,000 and more — 7 — 02 4620 _ 40 № 03 7450 ^ 64 
Total 3,704 100 1,160000 ^ 100 ^ 3619 ^ 100 1,170000 ^ 100 


1 А А te . 

Data are rounded to no more than three significant digits except “Number of operations"; may not add to totals shown. 
Does not include recycle plants. 
?Estimated quantities have been recalculated. 
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TABLE 5B 


CRUSHED STONE SOLD OR USED IN THE UNITED STATES IN 2012, BY REGION AND SIZE OF OPERATION"? 


Northeast Midwest | 
Quantity Quantity 
Size range Number of Percentage (thousand Percentage Numberof Percentage (thousand Percentage 
(metric tons) operations of total metric tons) of total operations of total metric tons) of total 
Less than 25,000 87 15.2 774 0.5 167 16.2 1,460 0.4 
25,000 to 49,999 48 8.4 1,580 0.9 87 8.4 2,930 0.9 
50,000 to 99,999 64 11.1 4,230 2:5 149 14.5 9,830 3.0 
100,000 to 199,999 107 18.6 14,000 83 159 15.4 20,800 6.3 | 
200,000 to 299,999 68 11.8 15,600 9.2 114 11.1 25,300 71 
300,000 to 399,999 44 7.7 13,900 8.3 71 6.9 22,200 6.7 | 
400,000 to 499,999 35 6.1 14,200 8.4 74 7.2 30,200 92 
500,000 to 599,999 38 6.6 18,900 11.2 50 4.8 24,700 75 
600,000 to 699,999 16 2.8 9,430 5.6 31 3.0 18,400 5.6 
700,000 to 799,999 12 2.1 8,130 4.8 22 2.1 14,700 4.5 
800,000 to 899,999 12 2.1 9,130 54 20 1.9 15,600 47 
900,000 to 999,999 7 1.2 6,100 3.6 11 1.1 9,310 2.8 
1,000,000 to 1,499,999 20 3.5 21,900 13.0 41 4.0 45,400 13.8 
1,500,000 to 1,999,999 10 1.7 15,200 9.0 14 14 22,000 6.7 
2,000,000 to 2,499,999 1 0.2 2,200 13 6 0.6 12,500 3.8 | 
2,500,000 and more 5 0.9 13,300 7.9 15 1.5 54,000 164 | 
South a ee = = аз аньана 
Quantity Quantity 
Number of Percentage (thousand Percentage Number of Percentage (thousand Percentage 
operations of total metric tons) of total operations of total metric tons) of total 
Less than 25,000 157 12.3 1,180 0.2 259 35.1 1,460 1.2 
25,000 to 49,999 89 7.0 3,060 0.6 98 13.3 3,300 27 
50,000 to 99,999 133 10.4 8,740 1.6 115 15.6 7,550 6.1 
100,000 то 199,999 186 14.6 24,700 4.5 107 14.5 14,200 11.5 
200,000 to 299,999 157 12.3 35,600 6.5 40 5.4 8,730 1.1 
300,000 (о 399,999 108 8.5 34,100 6.2 28 3.8 8,890 12 
400,000 to 499,999 76 6.0 30,900 5,7 26 3.5 10,600 8.6 
500,000 to 599,999 75 5.9 36,900 6.8 9 12 4,440 3.6 
600,000 to 699,999 43 3.4 25,200 4.6 9 12 5,280 43 
700,000 to 799,999 49 3.8 33,000 6.0 6 0.8 4,050 33 
800,000 to 899,999 35 23 26,700 4.9 8 1.1 5,990 43 
900,000 to 999,999 26 2.0 22,500 4.1 4 0.5 3,400 2.8 
1,000,000 to 1,499,999 71 5.6 71,600 142 13 1.8 13,900 113 
1,500,000 to 1,999,999 34 2.1 54,200 9.9 Я 0.9 11,100 9.0 | 
2,000,000 to 2,499,999 8 0.6 15,200 2.8 4 0.5 7,500 6.1 
2.500,000 and more 29 23 UMP AEN UEM NR ee 
Total 1,276 100 546,000 100 738 100 123,000 100 


1 ra is ic 
Data are rounded to no more than three significant digits except "Number of operations"; may not add to totals shown. | 


2Does not include recycle plants. 
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TABLE 6 
LIMESTONE, DOLOMITE, CALCAREOUS MARL, AND MARBLE SOLD OR USED BY PRODUCERS IN THE UNITED STATES 
IN 2012, BY STATE! 


(Thousand metric tons and thousand dollars) 


Limestone Dolomite Calcareous marl Marble 
State Quantity Value Quantity Value Quantity Value Quantity Value 
Alabama 26,900 ? 238,000 2,110 15,900 -- -- 1,100 9,750 
Ајазка iz == => zi ze 5 ЖЕ Ру 
Апгопа 2,920? 26,000 = = us = 2 " 
Arkansas 9,720 68,100 657 6,060 X = = ЕЕ 
California 14,100 ? 122,000 132 873 = = x: ч 
Colorado 482 4,250 44 322 -- -- 67 492 
Connecticut 1,300 2 26,700 (3) (3) -- -- 211 2,920 
Delaware (4) (4) = m са T a __ 
Florida 43,600 ? 534,000 Q) (3) = = is e 
Georgia 4,460 53,800 РЕ -- E = 1,540 31,100 
Hawaii n 38 - = xs Ө E a 
Idaho 147 3,760 = РА ЕК 2 is = 
Illinois 38,600 ? 364,000 10,800 118,000 нЕ = " z 
Indiana 38,000 ? 263,000 4,620 35,100 = 2. "а - 
Iowa 32,300 ? 302,000 155 1,420 = - + а 
Kansas 14,500 ? 124,000 = Зе = = ~ T 
Kentucky 46,300 ? 467,000 a m S 2 38 = 
Louisiana (4) (4) = de Е zs 5 T 
Maine 1,620 10,400 = £s г E A = 
Maryland 12,900 2 110,000 2s = Е is (4) (4) 
Massachusetts 848 ? 18,300 923 12,000 -- ee zi 2: 
Michigan 16,900 ? 110,000 4,880 28,400 5 26 zi E 
Minnesota 2,570 ? 27,600 1,300 15,800 e E m = 
Mississippi 2,120 53,100 -- -- -- ss a X 
Missouri 59,800 ? 468,000 1,860 15,500 25 -- 21 188 
Montana 1,610 16,000 -- -- E = ae Em 
Nebraska 7,880 76,900 -- == ds У - Ea 
Nevada 2,400 22,600 (3) (3) -- -- z e 
New Hampshire 84 745 -- -- -- -- -- i 
New Jersey 233 2,220 -- -- -- -- -- -- 
New Mexico 2,770 18,400 -- = -- -- -- - 
New York 19,800 ? 203,000 7,840 83,200 Е Е 29 317 
North Carolina 3,010 43,700 255 3,910 = = Е = 
North Dakota -- -- -- -- -- -- -- = 
Ohio 52,600 ? 426,000 1,600 13,200 = -- = ~ 
Oklahoma 32,900 ? 243,000 2 11 i + = = 
Oregon 1,250 7,740 -- -- -- — -- -- 
Pennsylvania 49,900 ? 570,000 8,580 83,800 is = 124 949 
Rhode Island -- - -- -- -- — -- -- 
South Carolina 4,590 29,100 M 3 1,410 7,950 (4) (4) 
South Dakota 2,840 18,800 -- -- -- -- -- -- 
Tennessee 36,200 ? 442,000 (3) (3) = -- -- -- 
Texas 121,000 2 903,000 (3) (3) 428 3,330 16 2,310 
Utah 4,090 33,600 1,490 11,300 -- -- -- - 
Vermont 1,710 ? 16,500 207 2,130 = -- 1,300 13,500 
Virginia 13,800 2 210,000 (3) (3) -- -- (4) (4) 
Washington 1,160 ? 15,600 102 4,010 -- -- 126 10,700 
West Virginia 14,000 135,000 " E. == == = = 
Wisconsin 18,500 ? 113,000 154 983 = -- 68 412 


See footnotes at end of table. 
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TABLE 6—Continued 
LIMESTONE, DOLOMITE, CALCAREOUS MARL, AND MARBLE SOLD OR USED BY PRODUCERS IN THE UNITED STATES 
IN 2012, BY STATE! 


(Thousand metric tons and thousand dollars) 


Limestone Dolomite Calcareous marl Marble 
Quantity Value Quantity Value Quantity Value Quantity Value 
Wyoming 3,680 ? 20,800 -- -- -- -- A ч 
Total 766,000 6,960,000 47,100 452,000 1,850 11,300 4,600 72,100 
-- Zero. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 
?Ícludes limestone-dolomite reported with no distinction between the two kinds of stone. 


*Withheld to avoid disclosing company proprietary data; included with “Limestone.” 
4 Withheld to avoid disclosing company proprietary data; included with “Miscellaneous stone” in table 8. 


TABLE 7 
GRANITE, TRAPROCK, SANDSTONE AND QUARTZITE, AND SLATE SOLD OR USED BY PRODUCERS IN THE UNITED STATES 
IN 2012, BY STATE! 


(Thousand metric tons and thousand dollars) 


ECP eet ——— и 


Sa ire le EE. анимеа 


DSSS a Е ети 


Granite Traprock Sandstone and quartzite EUM TE 
State Quantity Value Quantity Value Quantity Value Quantity Value 

Alabama 2,090 20,200 5: = 529 4,300 554 4,860 
Alaska 78 900 Q) (3) -- = > = 
Arizona 2,110 17,200 65 554 1,240 10,000 == s 
Arkansas 4,850 41,500 -- + 7,360 60,400 123 1,030 
California 9,230 93,700 4,380 43,500 1,110 11,900 144 1,420 
Colorado 4,110 30,900 4 23 1,920 15,600 = ? 
Connecticut 598 8,380 4,990 66,800 -- Es сш ‘i 
Delaware -- -- (3) (3) e -- > " 
Florida 457 7,410 - s 35 434 -- ~ 
Georgia 31,200 358,000 & = 597 6,570 15 403 
Hawaii -- - 4,500 86,200 = -- = T 
Idaho 225 880 681 3,230 173 1,930 x: i: 
Illinois -- -- = = 26 370 Es $ 
Indiana -- ae Z = = == = Е 
lowa -- T КА 24 "E = "> и 
Kansas -- = RA 4 1,130 9.570 = ^ 
Kentucky -- zx == 5, ^ г> = » 
Louisiana -- == A x (3) (3) € Ж 
Мате 1,510 14,400 57 750 267 2,110 с. Д 
Магујапа 2,910 26,500 3,610 39,900 93 2,610 3 Е 
Massachusetts 3,020 34,800 4,130 45,000 = - S К 
Michigan -- = (3) (3) ET = == - 
Minnesota 3,370 41,500 = ds (3) (3) = ü 
Mississippi M EN EN К: P РЕ -- 5 
Missouri 1,130 71,500 1,130 10,200 839 9,230 = 2 
Montana (3) (3) (3) (3) 10 118 -- T 
Nebraska d " к By px at -- " 
Nevada 127 1,220 802 9,730 3 29 г у 
New Hampshire 1,890 15,800 2,150 18,900 214 1,890 ^ | 
New Jersey 6,060 54,800 8,450 82,800 я - 3 2 
New Mexico =: - e % (3) (3) -- м 
New York 1,930 24,000 (3) (3) 1,720 17,200 А 
North Carolina 29400 438,000 5,910 90,400 = = adt M 
North Dakota ка А E 545 3.370 ~ E 


See footnotes at end of table. 
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TABLE 7—Continued 
GRANITE, TRAPROCK, SANDSTONE AND QUARTZITE, AND SLATE SOLD OR USED BY PRODUCERS IN THE UNITED STATES 
IN 2012, BY STATE! 


(Thousand metric tons and thousand dollars) 


Granite Traprock Sandstone and quartzite? Slate 

State Quantity Value Quantity Value Quantity Value Quantity Value 
Ohio -- -- -- -- 270 2,240 -- -- 
Oklahoma 3,310 32,500 196 1,440 611 4,910 -- -- 
Огероп 18 135 6,970 53,000 (3) (3) -- -- 
Pennsylvania 2,610 27,400 3,990 38,400 10,200 102,000 621 6,970 
Rhode Island 628 6,920 767 8,460 = M E ЗЫ 
South Carolina 12,100 145,000 -- -- E - = 2 
South Dakota 121 1,730 -- -- 3,030 22,700 12 93 
Tennessee 590 7,920 -- -- 684 7,600 us E 
Texas 42 552 (3) (3) 5,560 35,300 -- = 
Utah -- -- -- -- 68 708 -- = 
Vermont 445 4,710 13 134 1,140 11,200 216 1,950 
Virginia 18,800 286,000 9,440 140,000 1,300 12,800 41 604 
Washington 611 6,890 7,140 65,200 502 12,900 -- -- 
West Virginia -- -- -- -- 1,150 14,100 -- -- 
Wisconsin 2,150 12,700 1,170 6,990 12 73 -- -- 
Wyoming 1,970 12,500 -- -- 385 1,700 -- -- 

Тога! 150,000 1,850,000 70,500 812,000 42,800 386,000 2,370 26,600 
-- Zero. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes sandstone-quartzite reported with no distinction between the two kinds of stone. 
^withheld to avoid disclosing company proprietary data; included with “Miscellaneous stone" in table 8. 
TABLE 8 
SHELL, VOLCANIC CINDER AND SCORIA, AND MISCELLANEOUS STONE SOLD OR USED 
BY PRODUCERS IN THE UNITED STATES IN 2012, BY STATE! 
(Thousand metric tons and thousand dollars) 
Shell Volcanic cinder and scoria Miscellaneous stone 
State Quantity Value Quantity Value Quantity Value 

Alabama -- -- -- -- 42 522 

Alaska -- -- -- -- 2,410 21,300 

Arizona -- -- 193 1,390 1,220 12,000 

Arkansas | Е = = Е 1,220 9,910 

California Q) Q) 222 2,480 3,730 42,600 

Colorado -- -- | 6 1,040 9,440 

Connecticut -- -- -- -- 909 12,600 

Delaware -- -- -- -- W W 

Florida 3,230 40,400 - - 94 1,150 

Georgia MON -- -- == == E 25 

Hawail -- -- 212 1,410 338 6,600 

Idaho | = 5 19 420 3,060 19,100 

Illinois | -- = -- — 126 949 

Indiana = = -- -- 129 855 

lowa | | Ба ix ый zs == " 

Kansas = ae se ЖҮ e" s 

Kentucky Е | -- x x "E 199 2,060 

Louisiana (2) (2) 5E = W W 

Maine DEMNM А = = zi 2 341 3,340 

Maryland 2 — Ба -- 884 9,360 

See footnotes at end of table. | 
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BY PRODUCERS IN THE UNITED STATE 


я ______________-—- 


usc aio e НЕЕ ны 


p mur шшш пп ве iue c ccc andrea ^.  MüscellünsouiSióhe __ 
Shell Volcanic cinder and scoria Miscellaneous stone 
State Quantity Value Quantity Value Quantity Value 
Massachusetts -- -- -- -- 1,590 17,800 
Michigan -- -- -- -- 613 3,580 
Minnesota -- -- -- -- 1,260 14,000 
Mississippi -- -- -- -- -- -- 
Missouri -- -- - -- 183 1,670 
Montana -- -- 352 5,550 645 5,440 
Nebraska -- -- -- -- 99 3,260 
Мемада -- -- (2) (2) 3,590 37,200 
New Hampshire -- -— -- -- 239 1,980 
New Jersey -- -- — -- 29 271 
New Mexico -- -- 242 1,710 2,550 19,400 
New York -- -- -- -- 4,620 55,200 
North Carolina -- -- -- -- 1,920 30,700 
North Dakota -- -- 821 5,180 638 3,840 
Ohio -- -- -- -— 227 2,640 
Oklahoma -- -- РА = 2,610 18,800 
Oregon -- -- (2) (2) 6,560 48,400 
Pennsylvania -- -- ae -- 7,180 69,100 
Rhode Island -- = == ЈЕ 84 923 
South Carolina -- = = - 365 4,160 
South Dakota -- - as za 112 615 
Tennessee -- " E és 379 4,900 
Texas -- - ga ya 5,690 47,900 
Utah -- -- 1 6 1,860 11,700 
Vermont -- e 25 ET 1,180 11,700 
Virginia — е ди E 943 13,800 
Washington -- -- 71 764 4,370 43,400 
West Virginia e: 45 зе 5. ЈУ -- 
Wisconsin = es XN =. 120 707 
Wyoming -- -- 1,760 8,680 3,650 6,820 
Other "m = 2: КА 5,020 82500 
Total 3,230 40,400 3,890 27,600 74,000 715,000 


TABLE 8— Continued 
SHELL, VOLCANIC CINDER AND SCORIA, 


AND MISCELLANEOUS STONE SOLD OR USED 
S IN 2012, BY STATE! 


(Thousand metric tons and thousand dollars) 


W Withheld to avoid disclosing company proprietary data; included with “Other.” -- Zero. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 


jp 3 i . à 
Withheld to avoid disclosing company proprietary data; included with “Miscellaneous stone.” 
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ТАВГЕ 9 
CRUSHED STONE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE! 


20117 2012 
Quantity Quantity 
(thousand Value Unit (thousand Value Unit 
Use metric tons) (thousands) value metric tons) (thousands) value 
Construction: 
Coarse aggregate (+12 inch): 
Macadam 1,540 $17,200 $11.21 668 $6,810 $10.20 
Riprap and jetty stone 13,300 146,000 10.96 9,290 105,000 11.31 
Filter stone 2,940 29,900 10.18 2,720 26,600 9.78 
Unspecified coarse aggregate 14,900 163,000 10.93 13,400 137,000 10.25 
Coarse aggregate, graded: 
Concrete aggregate, coarse 32,200 311,000 9.66 27,600 267,000 9.68 
Bituminous aggregate, coarse 25,000 266,000 10.64 16,100 167,000 10.43 
Bituminous surface-treatment aggregate 6,450 80,300 12.45 4,810 60,900 12.66 
Railroad ballast 7,140 72,400 10.14 6,550 65,700 10.02 
Unspecified graded coarse aggregate 91,900 1,130,000 12.26 76,000 987,000 13.00 
Fine aggregate (- % inch): 
Stone sand, concrete 5,520 60,300 10.92 3,850 41,200 10.69 
Stone sand, bituminous mix or seal 7,180 79,600 11.08 4,290 43,600 10.17 
Screening, undesignated 9,550 89,500 9.37 6,360 58,500 9.20 
Unspecified fine aggregate 28,400 304,000 10.73 28,900 311,000 10.77 
Coarse and fine aggregates: 
Graded road base or subbase 60,100 459,000 7.63 59,300 444,000 7.49 
Unpaved road surfacing 11,900 100,000 8.40 8,090 73,000 9.03 
Terrazzo and exposed aggregate 960 10,000 10.46 736 5,870 7.98 
Crusher run or fill or waste 23,500 165,000 7.00 19,100 131,000 6.86 
Roofing granules 1,620 78,100 48.30 956 79,200 82.84 
Unspecified coarse and fine aggregates 85,200 782,000 9.18 93,600 863,000 9.22 
Unspecified and other construction materials 4,440 46,400 10.45 4,470 41,100 9.19 
Agricultural: 
Agricultural limestone 8,960 83,800 9.36 11,900 112,000 9.41 
Poultry grit and mineral food 1,090 22,500 20.58 1,160 21,300 18.32 
Unspecified and other agricultural uses 880 24,200 27.44 536 15,400 28.73 
Chemical and metallurgical: 
Cement manufacture 62,600 302,000 4.83 57,400 249,000 4.34 
Lime manufacture 16,800 204,000 12.20 12,700 199,000 15.68 
Flux stone 1,420 13,800 9.77 1,630 18,700 11.48 
Chemical stone 113 2,590 22.92 362 5,970 16.47 
Glass manufacture 773 4,050 5.23 -- -- -- 
Sulfur oxide removal 6,790 73,400 10.80 5,940 64,000 10.78 
Special: 
Mine dusting or acid water treatment 977 33,300 34.04 484 22,700 46.97 
Asphalt fillers or extenders 1,380 17,500 12.68 623 9,130 14.66 
Whiting or whiting substitute 163 7,680 47.10 122 2,100 17.12 
Other fillers or extenders 4,400 92,700 21.09 2,740 42,500 15.49 
Other miscellaneous uses and specified uses not listed 9,450 101,000 10.66 3,190 40,700 12.75 
Unspecified: 
Reported 296,000 2,920,000 9.86 313,000 3,130,000 9.99 
Estimated 309,000 2,860,000 9.24 368,000 3,510,000 9.54 
Total or average 1,160,000 1 1,200,000 9.65 1,170,000 11,400,000 9.73 
-- Zero. 
! Data are rounded to no more than three significant digits, except unit value; may not add to totals shown. 
"Estimated quantities have been recalculated. 
Reported and estimated production without a breakdown by end use. 
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TABLE 10 
LIMESTONE AND DOLOMITE SOLD OR USED BY PRODUCERS IN THE UNITED STATES IN 2012, BY USE! 


(Thousand metric tons and thousand dollars) 


LL IERI TONI о 


Limestone Dolomite 
Use Quantity Value Unit value Quantity Value Unit value 
Construction: 
Coarse aggregate (+12 inch): 
Macadam 403 4,170 $10.35 23 274 $11.76 
Riprap and jetty stone 7,060 67,800 9.61 | 258 3,560 13.83 
Filter stone 1,700 15,400 9.08 31 309 9.86 
Unspecified coarse aggregate 9,960 94,300 9.47 153 1,400 9.17 
Coarse aggregate, graded: 
Concrete aggregate, coarse 18,500 169,000 9.13 3,170 29,600 9,33 
Bituminous aggregate, coarse 9,790 92,700 9.48 1,100 10,900 9.99 
Bituminous surface-treatment aggregate 1,730 18,200 10.52 1,090 12,000 10.98 
Railroad ballast 1,000 8,370 8.36 130 1,140 8.15 
Unspecified graded coarse aggregate 48,000 584,000 12.17 1,800 21,700 12.04 
Fine aggregate (- Ж inch): 
Stone sand, concrete 2,300 24,900 10.83 149 1,530 10.30 
Stone sand, bituminous mix or seal 1,710 15,100 8.83 590 6,500 11.02 
Screening, undesignated 3,310 20,200 6.11 752 16,000 21.28 
Unspecified fine aggregate 16,800 182,000 10.82 1,600 14,800 927 
Coarse and fine aggregates: 
Graded road base or subbase 43,500 306,000 7.05 1,260 9,500 7.55 
Unpaved road surfacing 6,520 56,500 8.67 197 1,970 10.02 
Terrazzo and exposed aggregate 34 686 19.90 W W W 
Crusher run or fill or waste 12,500 77,100 6.16 1,710 13,700 8.00 
Roofing granules 251 3,880 15.47 W W W 
Unspecified coarse and fine aggregates 67,200 606,000 9.02 2,410 19,000 1.89 
Unspecified and other construction materials 1,810 16,100 8.88 341 2,640 7.14 
Agricultural: 
Agricultural limestone 9,380 86,000 9.17 2,480 25,600 1031 
Poultry grit and mineral food 1,130 20,900 18.52 = -- e 
Unspecified and other agricultural uses 378 7,460 19.71 43 6,780 159.39 
Chemical and metallurgical: 
Cement manufacture 56,800 245,000 432 63 181 2.86 
Lime manufacture 12,700 199,000 15.68 -- s Ё 
Dead-burned dolomite manufacture 
Flux stone 1,400 17,200 12.26 221 1,460 6.60 
Chemical stone 362 5.970 16.47 = -- А 
Sulfur oxide removal 5.940 64,000 10.78 T – e 
Special: 
Mine dusting or acid water treatment 442 21,300 48.16 БА = G 
Asphalt fillers or extenders 624 9.130 14.66 >» - i 
Whiting or whiting substitute 4 26 6.01 = -- G 
Other fillers or extenders 2,120 32,400 15.29 30 153 5.08 
Other miscellaneous uses and specified uses not listed 1,740 19,100 11.00 - = ü 
Unspecified: 
МЕ |. Rp 176,000 1,620,000 9.25 15,400 170,000 11.07 
Total or average 768,000 6,990,000 9.10 49,800 491,000 9.86 


W Withheld to avoid disclosing company proprietary data; included in “Total or average.” -- Zero. 
!Data are rounded to по more than three significant digits; may not add to totals shown. 


2 
Includes a minor amount of limestone-dolomite reported with no distinction between the two types of stone. 
Reported and estimated production without a breakdown by end use. 


71.16 s YEARBOOK—201? 


U.S. GEOLOGICAL SURVEY MINERAL 


и 


—  ——— 


TABLE 11 
LIMESTONE AND DOLOMITE SOLD OR USED ВУ PRODUCERS IN 2012, BY STATE AND USE! 


(Thousand metric tons and thousand dollars) 


Concrete aggregate Bituminous aggregate Roadstone and coverings — Riprap and railroad ballast Other construction uses 
State Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 
Alabama W W W W 755 9,590 110 362 5,090 53,200 
Alaska -- -- be = a = = B9 x is 
Arizona -- -- B == БЫ = РЕ is a ay 
Arkansas 175 1,490 458 4,740 668 3,950 45 369 2,540 13,300 
California 200 1,820 W W W W W W W W 
Colorado -- -- — m - = E = E - 
Connecticut -- -- -- -- Е = = == W W 
Delaware -- -- = == - en zs = 52 zs 
Florida 4,280 64,500 3,860 79,200 4,750 32,200 34 750 7,670 67,400 
Georgia W W W W W W W W W W 
Hawaii -- = = es E is E: ER к За 
Idaho -- -- W W 42 162 -- = 25 и 
Illinois 2,880 26,700 7,240 85,400 3,640 26,700 925 8,820 3,780 25,800 
Indiana 2,350 18,200 6,440 45,000 3,850 25,800 550 4,530 4,650 32,900 
Iowa 2,020 21,400 559 5,000 5,550 50,300 168 2,220 1,660 14,700 
Kansas 685 7,060 611 6,560 1,090 11,000 98 1,150 1,350 7,720 
Kentucky 1,800 18,900 3,860 42,300 3,330 31,100 342 3,510 4,120 45,200 
Louisiana W W W W W W -- -- W W 
Maine 125 656 -- -- 19 131 3 39 -- -- 
Maryland 466 4,730 2,160 24,400 209 2,100 5 75 734 6,400 
Massachusetts 109 1,020 136 1,420 -- -- -- -- W W 
Michigan 2,400 21,300 293 2,860 2,050 13,300 108 1,630 308 2,040 
Minnesota 534 6,970 W W 507 4,960 132 1,740 252 2,100 
Mississippi W W W W W W Am ds W W 
Missouri 1,800 16,000 1,130 9,750 4,100 25,000 3,680 29,300 1,720 10,100 
Montana -- -- (3) 8 6 70 16 203 W W 
Nebraska 2 28 -- -- 84 1,130 (3) 4 56 342 
Nevada -- -- -- -- -- -- -- -- -- -- 
New Hampshire -- -- -- -- -- -- -- -- -- -- 
New Jersey -- -- -- -- -- -- -- -- -- -- 
New Mexico 18 366 W W 39 488 4 110 22 166 
New York 2,990 28,000 3,220 35,900 1,530 15,100 121 1,690 4,040 32,600 
North Carolina -- -- -- -- -- -- -- = ~ -- 
North Dakota -- -- -- -~ -- -- -- -- B -- 
Ohio 4,200 34,900 5,760 52,900 9,340 72,000 625 5,630 16,400 128,000 
Oklahoma 292 2,040 94 1,240 801 5,650 66 1,080 1,810 13,000 
Oregon -- -- Е = T = E ss == = 
Pennsylvania 2,410 23,200 5,130 44,100 2,850 25,200 186 2,150 6,790 43,600 
Rhode Island -- ЕЕ == = = = T = 22 we 
South Carolina -- -- -- -- 235 1,990 -- -- 101 805 
South Dakota W W -- -- W W -- -- W W 
Tennessee 2,110 28,200 5,820 | 81,500 1,840 21,300 257 3,800 9,700 100,000 
Texas 6,560 52,400 7,210 92,300 9,730 53,600 590 6,090 12,200 102,000 
Utah -- -- -- -- 333 1,290 17 267 12 144 
Vermont 147 1,170 W W 161 1,320 W W 223 1,590 
Virginia 1,000 12,000 1,030 20,700 892 9,630 167 2,570 1,200 12,700 
Washington -- -- W W W W -- Е W W 
West Virginia 349 4,170 719 7,880 429 4,210 W W 323 3,130 
Wisconsin 354 2,530 765 5,720 2,510 14,000 42 353 1,940 9,000 
Wyoming 226 1620 | 9 W W W W -- -- 
Total 40,500 401,000 56,500 649,000 61,300 463,000 8,290 78,400 88,700 728,000 
Total withheld 2,050 20,200 9,950 122,000 658 11,300 161 2,540 3,440 64,300 
Grand total 42,500 422,000 66,500 771,000 62,000 474,000 8,450 80,900 92,100 793,000 
See footnotes at end of table. 
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TABLE 11—Continued 


LIMESTONE AND DOLOMITE SOLD OR USED BY PRODUCERS IN 2012, BY STATE AND USE! 
(Thousand metric tons and thousand dollars) 
E a ue тата ee ne On Е gem. c. bo 
Cement manufacture Agricultural uses Lime manufacture Other uses Total 
Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 
Alabama W W W W 2,610 20,800 12,700 99,100 29,000 253,000 
Alaska -- -- -- -- -- -- -- -- -- = 
Arizona W W -- -- -- -- W W 2,920 26,000 
Arkansas W W 286 2,310 W W 4,460 38,300 10,400 74,100 
California 5,570 15,900 W W 40 354 7,700 96,700 14,300 123,000 
Colorado -- -- -- -- — -- 526 4,570 526 4,570 
Connecticut -- -- -- -- -- -- W W 1,300 26,700 
Delaware -- -- -- -- -- -- W W (4) (4) 
Florida W W 228 1,830 -- -- W W 43,600 534,000 
Georgia -- -- -- -- -- -- 2,710 32,300 4,460 53,800 
Hawaii -- -- == ae = ғы ~ == - -- 
Idaho W W W W -- -- W W 147 3,760 
Illinois W W 2,170 17,500 -- -- W W 49,400 482,000 
Indiana 3,280 14,700 1,640 10,600 > -- 19,800 147,000 42,600 299,000 
Iowa W W 966 5,430 W W 21,100 201,000 32,400 304,000 
Kansas W W 164 1,200 -- E W W 14,500 124,000 
Kentucky -- -- 459 3,480 W W W W 46,300 461,000 
Louisiana == z5 W W 5. " = = (4) (4) 
Maine 493 1,760 = -- = == 982 7,170 1,620 10,400 
Maryland W W -- се а cé Ww W 12,900 110,000 
Massachusetts as ње W W W W 1,200 22,100 1,770 30,300 
Michigan 4,310 11,300 287 4,040 W W W W 21,800 139,000 
Minnesota -- -- 284 2,030 = = W W 3,870 43,400 
Mississippi -- -- 72 1,270 = е 718 17,400 2,120 53,100 
Missouri 6,970 28,200 878 4,530 W W 39,900 352,000 61,600 484,000 
Montana (3) 2 12 444 W 826 8,470 1,610 16,000 
Nebraska 1,050 4,630 W W = az W ү 7,880 76,900 
Nevada W W W W W W W W 2,400 22,600 
New Hampshire -- -- == за UA "Y 84 745 84 745 
New Jersey -- ө > = 2, к 233 2,220 233 2,220 
New Mexico 250 М 1,480 - x E. M W W 2,770 18,400 
New York -- -- 1,700 18,500 -- = 14,100 155,000 2700 287000 
North Carolina - E ^ ык b. 3.270 47,600 3,270 47,600 
North Dakota = рез 2 из y 23 RY = E = 
Ohio 138 1,090 904 8,260 W W 16,800 136,000 54200 43900 
Oklahoma W W 182 1,660 W W 28200 — 212,000 32900 2800 
Oregon 498 2,750 25 = Be "У 750 4,990 1,250 7,740 
Pennsylvania 2,030 10,700 529 8,650 W W 37,100 412,000 58,500 654000 
Rhode Island -- = 29 кс a У и = $3 a 
South Carolina 2,290 5,980 20 263 zs hs 1,950 20,100 4,590 29,100 
South Dakota 648 1,880 ан = 53 tà 2.170 16,700 2.840 18,800 
Tennessee 1,300 3,880 371 7,070 W үү W и 36200 42000 
Texas 12,400 44,500 414 5.980 = м 72,000 546,000 121,000 903,000 
xs is W W W w w 2,020 пй Ө ФТ 
Vermont -- -- W W = = 1,330 13,800 1,920 18,600 
Virginia W У 916 20,200 w w 8,180 123,000 13,800 210,000 
Washington (3) 2 W w Hs Y. 1.230 16.700 1.260 19,600 
West Virginia W W W Ww ~ № 10,300 106,000 14,000 135,000 
Wisconsin == = 525 5.980 Ww W ү w 18.600 114,000 
Wyoming 744 2,460 А H К 2.550 14.700 3.680 0,800 
AMT та р. | н 13,000 131,000 2,650 21,200 315,000 2,870,000 i 
pcd жа ET va - 406 15,600 10,000 178,000 149,000 1,480,000 180.000 
, , 3,400 147,000 12,700 199,000 464,000 4,350,000 818,000 


See footnotes at end of table. 
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W Withheld to avoid disclosing company proprietary data; included in “Total withheld." XX Not applicable. -- Zero. 


TABLE 11—Continued 
LIMESTONE AND DOLOMITE SOLD OR USED BY PRODUCERS IN 2012, BY STATE AND USE! 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


ЗА significant amount of sold or used material was shipped in from other States. 


?Less than % unit. 


‘Withheld to avoid disclosing company proprietary data; included in “Grand total.” 


TABLE 12 


GRANITE, TRAPROCK, SANDSTONE AND QUARTZITE SOLD OR USED BY PRODUCERS IN THE UNITED STATES IN 2012, BY USE! 


Use 
Construction: 
Coarse aggregate (+1' inch): 
Macadam 
Riprap and jetty stone 
Filter stone 
Unspecified coarse aggregate 
Coarse aggregate, graded: 
Concrete aggregate, coarse 
Bituminous aggregate, coarse 
Bituminous surface-treatment aggregate 
Railroad ballast 
Unspecified graded coarse aggregate 
Fine aggregate (- % inch): 
Stone sand, concrete 
Stone sand, bituminous mix or seal 
Screening, undesignated 
Unspecified fine aggregate 
Coarse and fine aggregates: 
Graded road base or subbase 
Unpaved road surfacing 
Terrazzo and exposed aggregate 
Crusher run or fill or waste 
Roofing granules 
Unspecified coarse and fine aggregates 
Unspecified and other construction materials 
Agricultural: 
Unspecified and other agricultural uses 
Chemical and metallurgical: 
Cement manufacture 
Flux stone 
Special: _ 
Other fillers or extenders 
Other miscellaneous uses and specified uses not listed 
Unspecified: 
Reported 
Estimated 
Total 


Granite 


Quantity 


2,500 
2,420 
935 
2,580 
18,500 


309 
924 
1,230 
6,370 


398 


64,500 
25,200 
150,000 


Value 


10,600 
1,600 
16,200 


27,100 
28,000 
14,100 
27,100 
289,000 


3,120 
10,900 
11,600 
74,900 


30,700 
1,510 
1,810 

12,500 

W 
170,000 
637 


758,000 
287,000 
1,850,000 


W Withheld to avoid disclosing company proprietary data; included in “Total.” -- Zero. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
Includes sandstone-quartzite reported with no distinction between the two kinds of stone. 


Less than % unit. 


“Reported and estimated production without a breakdown by end use. 
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(Thousand metric tons and thousand dollars) 


Traprock 


Quantity 


22,200 
28,600 
75,800 


Value 


1,360 
4,940 
4,920 
9,850 


18,200 
20,800 

6,790 
13,100 
70,800 


443 
7,520 
4,240 

23,900 


36,000 
1,670 
3 
7,960 
W 
33,300 
4,240 


289,000 
313,000 
872,000 


Sandstone and quartzite 
Quantity Value 
W W 
477 8,330 
187 2,020 
890 8,380 
526 4,730 
786 9,720 
257 3,810 
206 2,580 
933 8,210 
943 9,660 
199 2,280 
322 3,110 
1,140 9,840 
2,880 24,500 
458 4,530 
26 683 
613 5,960 
W W 
1,870 13,000 
421 5,100 
W W 
W W 
1,350 20,400 
11,800 105,000 
17,500 146,000 
43,900 400,000 
71.19 
OO — —— 


TABLE 13 
MARBLE, VOLCANIC CINDER AND SCORIA, AND MISCELLANEOUS STONE SOLD OR USED BY PRODUCERS IN THE UNITED STATES 
IN 2012, BY USE! 


(Thousand metric tons and thousand dollars) 


Marble Volcanic cinder and scoria Miscellaneous stone 
Use Quantity Value Quantity Value Quantity Value 
Construction: 
Coarse aggregate (+1 inch): 
Macadam -- -- -- -- 2 30 
Riprap and jetty stone -- -- 1 14 453 9,550 
Filter stone -- — -- -- 349 2,390 
Unspecified coarse aggregate 25 468 -- -- 615 6,660 
Coarse aggregate, graded: 
Concrete aggregate, coarse -- -- -- -- 1,430 17,800 
Bituminous aggregate, coarse -- -- -- -- 158 1,940 
Bituminous surface-treatment aggregate -- -- -- -- 251 5,490 
Railroad ballast = -- - = 1,350 13,400 
Unspecified graded coarse aggregate 494 7,740 14 165 1,290 10,300 
Fine aggregate (- % inch): 
Stone sand, concrete T Зе a == 70 937 
Stone sand, bituminous mix or seal = = =. == 113 762 
Screening, undesignated Е ге ы a 300 3,370 
Unspecified fine aggregate 137 1,660 5 119 444 4,550 
Coarse and fine aggregates: 
Graded road base or subbase =- > 79 923 3,090 32,200 
Unpaved road surfacing -- -- 47 329 445 6,510 
Terrazzo and exposed aggregate -- -- 20 428 164 2,100 
Crusher run ог fill or waste -- -- 48 367 1,750 11,000 
Roofing granules -- mA => a 27 208 
Unspecified coarse and fine aggregates 350 4,440 268 4,700 2,500 16,000 
Unspecified and other construction materials 16 240 111 868 820 8,960 
Agricultural: 
Unspecified and other agricultural uses zd - 1 24 56 323 
Chemical and metallurgical: 
Cement manufacture = e - X 483 2,780 
Special: 
Mine dusting or acid water treatment W W zx T -- E 
Whiting or whiting substitute W W Ж РА -- а 
Other fillers ог extenders 195 6,160 -- -- = 3 
Other miscellaneous uses and specified uses not listed W W 19 209 35 451 
Unspecified:” 
Reported wh E 2.470 13,000 19,000 138,000 
Estimated ВЕ Е . . 1080 — . 9000 , за "EO 248,000 
Total 5,750 89,300 4,160 30,400 61,700 544,00) 


W Withheld to avoid disclosing company proprietary data; included in “Total.” -- Zero. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
*Reported and estimated production without a breakdown by end use. 
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TABLE 14 
RECYCLED ASPHALT CONCRETE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE! 


2011? 2012 
Quantity Quantity 
(thousand Value Unit (thousand Value Unit 

Alabama 254 $5,340 . $21.01 296 $5,680 $19.20 
Alaska 71 1,220 17.30 69 1,180 17.15 
Arizona 116 1,060 9.11 125 2,010 16.11 
Arkansas 19 212 11.05 26 260 10.14 
California | 2,020 15,500 7.65 1,880 15,400 8.20 
Colorado 349 2,320 6.66 352 2.330 6.61 
Connecticut 126 544 4.31 543 3,650 6.71 
Delaware (3) 5 15.29 91 605 6.65 
Florida 224 2,660 11.90 211 2,350 11.13 
Georgia 286 4,630 16.21 241 4,110 17.08 
Hawaii - = ae ES Е -- 
Idaho 76 521 6.84 30 207 6.78 
Illinois 1,080 7,190 6.65 1,500 9,560 6.37 
Indiana 122 981 8.04 123 2,020 16.41 
lowa 28 289 10.14 85 917 10.79 
Kansas 722 3,790 5.25 604 2250 3.73 
Kentucky | 114 649 5.68 367 1,330 3.63 
Louisiana 85 597 7.03 129 1,250 9.68 
Maine 142 1,910 13.40 118 1,580 13.41 
Maryland 116 914 7.90 206 1,790 8.68 
Massachusetts 337 3,240 9.60 403 4,010 9.94 
Michigan | 838 3,530 4.21 966 3,930 4.07 
Minnesota m 769 7,130 9.27 1,190 9,070 7.64 
Mississippi 11 23 2.17 11 23 2.17 
Missouri 88 589 6.70 188 1,430 7.60 
Montana | 71 736 10.40 39 456 11.82 
Nebraska 85 660 7.15 81 589 7.30 
Nevada 125 976 7.79 229 1,090 4.75 
New Hampshire 204 1,180 5.78 283 3,060 10.83 
New Jersey 43 257 5.92 194 1,450 7.50 
New Mexico | 78 578 7.39 236 1,360 5,77 
New York m 550 4,060 7.39 715 6,500 9.09 
North Carolina 1,030 7,470 7.28 1,100 8,370 7.59 
North Dakota 96 684 7.16 55 259 4.72 
Ohio 84 750 8.95 72 538 7.42 
Oklahoma 49 541 11.03 9] 1,000 11.00 
Oregon 9] 667 7.31 79 561 7.15 
Pennsylvania dE 834 5,730 6.87 1,350 9,740 7.21 
Rhode Island — 77 739 9.54 31 707 22.90 
South Carolina | 241 3,370 13.96 214 3,300 15.38 
South Dakota — mM 119 1.210 10.20 81 716 8.84 
Tennessee 132 1,700 12.83 139 1,780 12.85 
Texas SENDEN 208 2,410 11.61 226 2,410 10.67 
Utah — EN 132 1,270 9.60 670 5,370 8.02 
узео 44 573 13.15 98 1,080 10.97 
Virginia = 389 4,000 10.29 276 2,480 9.01 
Washington ————— | 181 1,150 6.37 123 910 7.39 
West Virginia — 11 34 3.02 11 34 3.02 
Wisconsin MN 547 3,970 7.25 453 3,280 7.24 
Wyoming —— ЕІ 43 _ 319 7.41 6 320 8.99 

Тога! ог ауегаре и 13,500 - | | 110,000 8.16 E 16,600 | _ 134,000 8.08 
-- Zero. 5 | m m 
!Data are rounded to no more than three significant digits, except unit value; may not add to totals shown. 
"Estimated quantities have been recalculated. 
3Less than % unit. 
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TABLE 15 
RECYCLED PORTLAND СЕМЕМТ CONCRETE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE! 


MM MNA SS SSS | 


2011“ 2012 
Quantity Quantity 
(thousand Value Unit (thousand Value Unit 
State metric tons) (thousands) value metric tons) (thousands) value 

Alabama (3) (3) $9.89 -- -- -- | 
Alaska 112 562 5.02 24 395 16.54 | 
Arizona 71 640 8.99 69 596 8.68 
Arkansas | 7 7.12 1 8 6.94 
California 2,800 | 21,200 7.58 2,140 15,900 7.43 
Colorado 426 2,980 7.00 504 3,370 6.68 
Connecticut 77 533 6.94 74 603 8.16 
Delaware l 13 10.99 69 313 4.52 
Florida 550 2,330 4.23 473 1,640 3.46 
Georgia 117 986 8.42 116 906 7.83 
Hawaii 6 81 13.55 4 51 14.31 
Idaho 18 120 6.61 (3) | 12.09 
Illinois 1,710 13,600 7.93 1,460 10,300 7.07 
Indiana 180 1,400 7.79 130 1,150 8.79 
lowa 265 1,470 5.53 197 1,460 431 
Kansas 317 2,330 7.33 334 2,860 8.58 
Kentucky = == зе = = 25 
Louisiana 31 519 16.50 35 597 16.96 
Maine 33 227 6.90 23 144 6.21 
Maryland 323 3,110 9.63 307 2,950 9.59 
Massachusetts 199 1,040 5.23 191 1,270 6.66 
Michigan 1,040 7,200 6.93 962 6,160 6.41 
Minnesota 832 6,090 7.31 477 3,450 7.23 
Mississippi 62 413 6.72 62 417 6.75 
Missouri 54 393 7.24 20 118 5.88 
Montana 25 120 4.84 14 110 8.12 
Nebraska 116 1,340 11.53 88 952 10.81 
Nevada 50 300 6.03 30 178 6.01 
New Hampshire 152 825 5.42 159 852 5:97 
New Jersey 157 1,140 7.30 374 3,180 8.51 
New Mexico 2 13 7.7) 2 12 6.64 
New York 179 1,740 9.71 155 1,280 8.26 
North Carolina 264 2,970 11.25 218 2,370 10.90 
North Dakota 32 327 10.21 50 320 6.37 
Ohio 445 3,540 7.96 396 2,930 7.40 
Oklahoma 84 1,030 12.27 308 2,810 9.13 
Oregon 59 452 7.67 56 428 7.59 
Pennsylvania 350 1,750 5.00 326 1,640 5.02 
Rhode Island 15 | 139 9.25 14 121 8.92 
South Carolina 245 3.510 14.34 185 2.430 13.09 
South Dakota 79 667 8.42 167 1,680 10.03 
Tennessee 30 157 528 39 250 6.36 
cae 275 2,280 8.28 1,440 11,100 7.75 
Utah 162 1,360 8.37 488 4,550 9.32 
Vermont 21 115 5.38 9 48 5.39 
Virginia 876 7,490 8.55 611 5220 853 
Washington 365 2,490 6.81 286 1,710 5.99 
West Virginia = A X K, 2; -- 
Wisconsin 589 3,050 5.18 553 3,000 242 
Wyoming 90 544 6.06 46 358 7.80 

тоз. or average 13,900 105,000 7.53 13,700 102,000 7.41 
-- Zero. 


1 м • .. 
BATA are тшш " no more than three significant digits, except unit value; may not add to totals shown. 
^Estimated quantities have been recalculated. 


Less than № unit. 
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TABLE 16 
CRUSHED AND BROKEN STONE OPERATIONS IN THE UNITED STATES IN 2012, BY STATE! 


Processing plants 
Active Active Dredging Stationary None or Sales 

_ State _______оретаџол5 quarries — — operations _ Stationary — — Portable and portable — unspecified —— yards — 
Alabama 79 69 -- 56 6 2 5 10 
Alaska 20 29 — 3 15 -- 1 | 
Arizona 56 60 -- 23 25 6 -- 2 
Arkansas 82 81 -- 36 33 7 3 3 
California 165 148 l 76 35 12 13 28 
Colorado 45 241 -- 14 22 -- 4 5 
Connecticut 35 32 -- 20 11 -- 1 3 
Delaware 5 ie d = de me = 5 
Florida 111 87 2 33 37 11 3 25 
Georgia 94 86 -- 72 7 1 9 
Hawaii 23 24 -- 7 13 3 -- -- 
Idaho 42 75 -- 7 27 1 7 -- 
Illinois 152 129 1 73 48 5 2 23 
Indiana 94 88 -— 79 5 2 2 6 
Iowa 163 197 1 26 125 -- 9 2 
Kansas 74 85 -- 19 44 4 2 5 
Kentucky 90 89 — 64 15 8 1 2 
Louisiana 17 4 — | 2 1 -- 13 
Maine 28 23 -- 13 7 2 | 5 
Maryland 45 30 — 22 2 1 4 16 
Маззасћизе 5 47 40 -- 26 9 3 2 7 
Michigan 38 33 — 18 7 1 1 11 
Minnesota 53 68 -- 14 24 1 6 8 
Mississippi 21 4 -- 2 1 1 -- 17 
Missouri 201 205 -- 107 70 10 10 4 
Montana 27 44 -- 7 19 1 -- -- 
Nebraska 13 10 -- 7 3 -- -- 3 
Мемада 25 24 -- 16 6 -- 1 2 
New Hampshire 32 30 -- 13 12 2 3 2 
New Jersey 26 19 -- 13 1 5 -- 7 
New Mexico 46 52 -- 12 29 3 2 -- 
New York 122 117 1 81 21 10 4 5 
North Carolina 136 116 -- 98 14 2 1 21 
North Dakota 18 16 -- -- 16 -- -- 2 
Ohio 114 105 -- 70 20 8 4 12 
Oklahoma 74 80 -- 50 10 5 8 

Oregon 147 154 -- 37 96 4 7 3 
Pennsylvania 264 258 -- 181 39 14 19 11 
Rhode Island T" 7 6 -- 5 1 -- -- 1 
South Carolina 46 36 -- 31 2 2 1 10 
South Dakota 17 15 2 10 3 1 -- 3 
Tennessee — 132 126 -- 107 12 2 4 7 
Texas 247 246 -- 116 73 12 16 30 
Utah 38 36 -- 12 18 -- 5 3 
Vermont i 46 46 = 17 18 5 4 2 
Virginia 126 104 -- 76 18 5 3 24 
Washington 105 112 -- 32 51 5 10 7 
West Virginia  — 36 31 2 25 1 3 І 6 
Wisconsin Е 143 200 = 39 80 3 14 7 
Wyoming | 41 41 - 8 29 1 3 Е 

Total /——  — 3,808 3,951 6 1,874 1,182 O 5 — 192  — 37 

-- Zero. 

! Includes recycle plants. 
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TABLE 17 
U.S. EXPORTS OF CRUSHED STONE IN 2012, BY DESTINATION! 


Limestone 
for cement Chalk, Granules, 
Destination Limestone manufacturing crude chippings Other Total 
North America metric tons 59,100 667,000 1,010 64,900 265,000 1,060,000 
South America do. 1370 1,510 57 5,440 17,600 26,000 | 
Europe do. 7,970 380 221 131 35,000 43,700 
Asia do. 200 79 7 652 9,240 10,200 
Oceania do. -- 5 152 - 220 377 
Middle East do. -- 106 Ps 217 209 532 
Africa do. -- 3 = 207 182 392 
Total: | 
Quantity do. 68,600 669,000 1,450 71,600 327,000 1,140,000 
Value thousands $2,420 $11,500 $2 $10,400 $20,300 $44,600 
do. Ditto. -- Zero. 
Раша are rounded to no more than three significant digits; may not add to totals shown. 
Source: U.S. Census Bureau. 
4 
TABLE 18 | 
U.S. IMPORTS OF CRUSHED STONE AND CALCIUM CARBONATE FINES, ВУ TYPE' | 
сеси оса cc. сес ыш Se eee ЦО 
Quantity Quantity | 
(thousand) Value, c.i.f. Unit (thousand) Value, с.і. Unit 
Type metric tons) (thousands) value metric tons) (thousands)  — value = 
e and chips: 
I c as 8,970 $76200 88.49 8,810 $73,900 88.39 
—lLimestone for flux or cement manufacturing __ 920 11,500 12.48 838 9,370 118 
j arbonate fines: 
е eo (4) 71 15444 І 121 ps | 
-Calcium carbonates, other chalk REND а ње ә т xe — — E 
See ee ттт anat d 
XX Not applicable. 


!Data are rounded to no more than three significant digits, except unit value; may not add to totals shown. 


Cost, insurance, and freight value. 
Excludes precipitated calcium carbonate. 


4] ess than 2 unit. 


Source: U.S. Census Bureau. 
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TABLE 19 
THE TOP 100 PRODUCERS OF CRUSHED STONE IN THE UNITED STATES! 


2012 2011 2012 2011 
Rank Rank Company Rank Rank Company 

1 1 Vulcan Materials Co. 51 49 McGeorge Contracting Co. 

2 2 Martin Marietta Aggregates 52 45 Schildberg Construction Co., Inc. 

3 4 Oldcastle Materials, Inc. 53 56 Alamo Cement Co. 

4 3 Lehigh Hanson, Inc. 54 82 The Melvin Stone Co. 

5 6 CEMEX S.A.B. de C.V. 55 92 Stavola Construction Materials, Inc. 

6 5 Lafarge North America Inc. 56 63 Pete Lien & Sons, Inc. 

7 7 Carmeuse Lime & Stone 57 60 Laurel Aggregates, Inc. 

8 9 Rogers Group, Inc. 58 68  Kerford Limestone Co. 

9 8 Holcim Group/Aggregate Industries Management, Inc. 59 73 Granite Construction, Inc. 

10 10 New Enterprise Stone & Lime Co., Inc. 60 55 ISP Minerals, Inc. 

11 13 Lhoist North America 61 59 Wendling Quarries Inc. 

12 14 Texas Industries, Inc. 62 40 CalPortland Co. 

13 11 Luck Stone Corp. 63 64 Chantilly Crushed Stone, Inc. 

14 15 Ash Grove Cement Со. 64 80 Graniterock Co. 

15 12 Summit Materials, LLC 65 66 United States Lime and Minerals, Inc. 

16 21 National Lime & Stone Co. 66 57 Mathy Construction Co. 

17 16 Dolese Bros. Co. 67 65 МСО Aggregates, Inc. 

18 18 Graymont Ltd. 68 71 L. G. Everist, Inc. 

19 22 Vecellio & Grogan, Inc. 69 58 | Bluegrass Materials Co. 

20 20 Mulzer Crushed Stone, Inc. 70 86 Salem Stone Corp. 

21 23 Eucon Corp. 71 69 RiverStone Group, Inc. 

22 24 Buzzi Unicem USA Inc. 72 84 River Products Co., Inc. 

23 19 MDU Resources Group, Inc. 73 61 Albert Frei & Sons, Inc. 

24 26 Capitol Aggregates, Ltd. 74 67 Savage Stone, LLC 

25 27 Fred Weber, Inc. 75 62 Sherwood Construction Co., Inc. 

26 30 Colorado Materials, Ltd. 76 79 Yager Materials, LLC 

27 17 Aggregates USA 77 — Carolina Sunrock Corp. 

28 33 Texas Crushed Stone Co., Inc. 78 87 Glasgow, Inc. 

29 29 Eagle Materials Inc. 79 75 Weldon Materials, Inc. 

30 47 The Heritage Group 80 76 Omya Inc. 

31 25 Mississippi Lime Co. 81 — Сетепіоѕ Argos S.A. 

32 28 Tower Rock Stone Co. 82 —  Vicat Group, The 

33 31 Titan America LLC 83 78 Junction City Mining Со. LLC 

34 34 ESSROC Cement Corp. 84 — Bruening Rock Products, Inc. 

35 32 The H&K Group 85 81 East Fairfield Coal Co. 

36 39 Bureau of Land Management 86 89 Schroeder-Manatee Ranch, Inc. 

37 38 Wake Stone Corp. 87 77 The DePaul Group 

38 37 Вохіеу Materials Co. 88 — Brice, Inc. 

39 72 Snyder Associated Cos., Inc. 89 74 Pounding Mill Quarry Corp. 

40 36 | Glenn О. Hawbaker, Inc. 90 88 ВМС Aggregates, L.C. 

41 54 . VantaCore Partners LP 91 96 | Votorantim Cement North America 

42 50 Trap Rock Industries, Inc. 92 —  Gohmann Asphalt & Construction Inc. 

43 41 American Infrastructure 93 85 Mitsubishi Cement Corp. 

44 52 Hoover, Inc. 94 — Frontera Materials, Inc. 

45 42 Imerys 95 — Linwood Mining & Minerals Corp. 

46 35 . Colas Inc. 96 83 Peckham Industries, Inc. 

41 53 Irving Materials, Inc. 97 46 U.S. Forest Service 

48 43 Greer Industries, Inc. 98 95 Great Lakes Aggregates, Inc. 

49 44 Anchor Stone Co. 99 90 B.V. Hedrick Gravel & Sand Co., Inc. 
_ 50  — $1] Тһе Kraemer Co. 100 — Paul Niemann Construction Co. 


"m Not in the top 100 producers of crushed stone in the United States in 2011. 
In descending order of tonnage produced. 
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STONE, DIMENSION 
By Thomas P. Dolley 


Domestic survey data and tables were prepared by Samir Hakim, statistical assistant. 


U.S. production of dimension stone in 2012 was estimated 
to be 2.15 million metric tons (Mt) valued at $452 million, 
which was a 16% increase in tonnage and a 159^ increase in 
value compared with those of 2011 (table 1). Exports decreased 
slightly in value to $64.9 million, and imports for consumption 
increased in value by 10% to $1.74 billion. The value of 
apparent consumption was estimated to be $2.13 billion in 2012, 
11% more than that of 2011. World dimension stone production, 
including the United States, was estimated to be approximately 
122 Mt in 2011, the last year for which data were available. 
Trade data in this report are from the U.S. Census Bureau. АП 
percentages in the report were computed using unrounded data. 

In recent years, most dimension stone has been used in 
construction applications, with the largest portions being 
sold or used as ashlars and partially squared pieces, curbing, 
flagstone, and rough block for building and construction. The 
major nonconstruction application is monumental stone, which 
includes memorials of various kinds. 

Dimension stone is a natural rock material quarried for the 
purpose of obtaining blocks or slabs that meet specifications as 
to size (width, length, and thickness) and shape. Color, grain 
texture and pattern, and surface finish of the stone also are 
normal requirements by both customers and the stone industry. 
Durability (a time measure of the ability of dimension stone to 
endure and maintain its essential and distinctive characteristics), 
strength, and the ability of the stone to take a polish are other 
important selection criteria. 

Although various igneous, metamorphic, and sedimentary 
rocks are used as dimension stone, the principal rock types are 
granite, limestone, marble, sandstone, and slate. Other varieties 
of dimension stone that are normally considered to be special 


minor types include alabaster (massive gypsum) and soapstone 
(massive talc). 


Description and Terminology 


Scientific and commercial descriptions of various types of 
dimension stone overlap. The scientific descriptions of types 
of dimension stone are focused primarily on the geographic 
locality and mineralogical composition of the stones, whereas 
the commercial description is focused primarily on the locality 
and color of the stone. Furthermore, various combinations 
of the scientific and commercial descriptions are used by 
stone producers to market their stone products effectively. 

The descriptions that follow were adapted from Currier 
(1960, p. 1-10) and Barton (1968, p. 2-8). Although these 
references are dated, the information remains applicable. 

Granite. —Commercial granites include all feldspathic 
crystalline rocks of mainly interlocking texture and with 
individual mineral grains that are visible to the naked eye. This 
category includes such rock types as anorthosite, gneiss, granite, 
granodiorite, monzonite, syenite, and all other intermediate 
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igneous and coarse-grained metamorphic rock types. The most 
common colors of commercial granites are white, gray, pink, 
and red; green and brown are secondary colors. Although 
black granites are also included in this category and range 

in color from dark gray to black, they are not true granites 
mineralogically but rather mafic rocks, such as diabases, 
diorites, gabbros, and similar rocks. 

Limestone. —Commercial limestones are rocks of 
sedimentary origin that primarily are composed of calcium 
carbonate with or without magnesium. Included in this category 
are limestone, dolomite, dolomitic limestone, and travertine, 
which is a calcitic rock that is precipitated from hot springs. 

Marble.—Commercial marble includes metamorphosed 
limestones and serpentine rocks, all of which are capable of 
taking a polish. An important member of this classification 
is serpentine marble, which is also known as verde antique, 
and comprises green-to-black serpentine, which is a hydrous 
magnesium silicate mineral that is crisscrossed by veins of 
lighter minerals, such as calcite or dolomite. 

Sandstone.—Commercial sandstone is a lithified sand 
that comprises chiefly quartz or quartz and feldspar with a 
fragmental (clastic) texture. Sandstone contains interstitial 
cementing materials, such as calcite, clay, iron oxides, or 
silica. Arkose (abundant feldspar grains), graywacke (abundant 
angular rock fragments), and conglomerate (abundant rounded 
rock fragments) are included in this category. Other members 
of this category include bluestone, which is a dense, hard, fine- 
grained feldspathic sandstone that splits easily along planes into 
thin, smooth slabs; brownstone, which is feldspathic sandstone 
of brown to reddish-brown color owing to abundant iron oxide; 
and flagstone, which is a sandstone, or sandy slate, typically red, 
tan, or gray, that splits into large, thin slabs. 

Slate.—Commercial slate is a microgranular metamorphic 
rock formed by the recrystallization of clay sediments, such as 
claystone, shale, or siltstone. Characterized by excellent parallel 
cleavage, slates may be easily split into relatively thin slabs. 

Greenstone.—Commercial greenstones are the result of the 
metamorphosis of basaltic rocks. Greenstone is named because 
of the predominance of greenish minerals, such as actinolite, 
chlorite, or epidote. 

Basalt and Traprock.—Commercial basalt and traprock 
includes igneous rocks that are too fine grained to be termed 
“black granite.” The name traprock is derived from the Swedish 
word “trappa,” which means step, because of the characteristic 
terraced or steplike appearance of certain basalt lava fields. 
This category includes extrusive igneous rocks, such as 
andesite, basalt, or dacite, and intrusive igneous rocks, such as 
amphibolites, diabase, diorites, fine-grained gabbros, peridotites, 
and pyroxenites. 

Miscellaneous.—This category includes commercial 
dimension stone types that do not easily fall into the 
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aforementioned categories, such as soapstone, steatite, or 
talc, which contain various amounts of the mineral talc. 
Additional miscellaneous dimension stones include diatomite, 
mylonite, pumice, schist, tripoli, tuff, porous or scoriaceous 
volcanic rocks, or any other rocks used as building stones. 


Production 


Dimension stone production data for the United States 
are derived by the U.S. Geological Survey (USGS) from 
a voluntary canvass of U.S. quarry producers of rough 
and dressed dimension stone. Of the 309 dimension stone- 
producing operations included in the survey for 2012, 

110 (36%) responded, which represented 37% of the tonnage; 
the remaining tonnage was estimated based on prior years' 
reporting and (or) on employment data provided by the Mine 
Safety and Health Administration (MSHA). 

Data in this report cover rough crude quarried stone, irregular- 
shaped and rectangular blocks, and more highly processed 
stone. A number of other terms also are used to describe further 
processing, such as “worked,” “dressed,” “finished,” and 
“manufactured.” These and other terms used by the dimension 
stone industry describe such features as the mineral composition 
of the rock, the shape of the product, the method of finishing a 
stone, and the type of finish applied. No adjustments are made 
in the data to account for the sometimes substantial losses in 
processing rough stone into dressed stone. Sold or used data are 
considered to be equivalent to production because changes in 
stocks are not surveyed. 

In any given year, commercial and residential construction 
accounts for an important portion of the demand for dimension 
stone of all types. Of particular interest to the dimension stone 
industry during the year were the increases in existing home 
sales, new home sales, and new housing construction starts 
in 2012, as cited by the National Association of Realtors. 

All sectors of the housing market showed increases in 2012, 
as compared to the previous 4 years (Marble Institute of 

i 12). 
e M sci accounted for 882,000 metric tons (t) 
(4196) of the total domestic dimension stone production of ; 
2.15 Mt, followed by granite (2376), miscellaneous stone (16%), 
sandstone (1596), marble (394), and slate (276). Limestone 
accounted for about $176 million (39%) of the $452 tation 
total domestic production value, followed by granite (26 %), 
miscellaneous stone (14%), sandstone (11%), marble (5%), and 

0 2). 

аи pu stone was reported in 34 States. 

d roducer States were, in descending order by tonnage, 
sn = Ms Wisconsin, Massachusetts, and Georgia. These 
Bep E d for about 6596 of domestic production. 

States ii ducer States were, in descending order by value, 
Lending] PUn Massachusetts, Indiana, and Minnesota. 
n ки contributed about 6296 of the value of domestic 
и pe М companies were Buechel Stone Corp. 

Thr р > н lain Stone, Ltd. in New York; Indiana 
in Wie EE Mezger Enterprises Inc. in Texas; and 
it ranite Works in New Hampshire. These companies 
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accounted for about 21% of domestic production in tonnage 
and about 16% of production value. The leading 15 companies 
accounted for 44% of total domestically produced tonnage and 
44% of the value. 

Rough stone blocks split or cut from a quarry face are 
transported to processing plants that typically are located at the 
quarry site, at least for preliminary sizing. Further dressing, 
which includes final sizing and finishing operations, such as 
decorating, edging, and polishing, also may be done at the 
quarry site. 

Granite. —bDimension granite was produced by 39 companies 
operating 61 quarries in 15 States. Production was 500,000 t 
valued at $118 million. Granite production tonnage increased 
by 8% and the value increased by 996 compared with those 
of 2011. The top five producing States were, in descending 
order by tonnage, Massachusetts, Georgia, Vermont, North 
Carolina, and New Hampshire, and they accounted for 74% of 
the tonnage and 54% of the value of U.S. granite production 
(table 4). Cold Spring Granite Co., Fletcher Granite Co., North 
Carolina Granite Corp., Swenson Granite Works, and Williams 
Stone Co., Inc., which were the leading producers, accounted 
for 60% of U.S. granite production by tonnage and 69% of 
U.S. granite production by value. 

Limestone.—Dimension limestone was produced by 
83 companies from 84 quarries in 13 States. Production 
increased 25% in 2012 to 882,000 t from 704,000 t in 2011. | 
The value increased by 1896 to $176 million in 2012 from 
$149 million in 2011. The top four producing States were, 
in descending order by tonnage, Texas, Indiana, Kansas, and 
Minnesota, which combined produced 96% of the U.S. tonnage 
and value (table 5). Buechel Stone; Eden Stone Co., Inc.; 
Espinoza Stone, Inc.; Indiana Limestone; and Mezger 
Enterprises; which were the leading producers, accounted for 
about 37% of all U.S. limestone tonnage and about 30% of 
the value. 

Sandstone.—Dimension sandstone was produced by — — 

79 companies that operated 92 quarries in 18 States. Production 
decreased slightly to 324,000 t in 2012 from 328,000 t in 2011. 
The value increased by 696 to $51.7 million in 2012 from 
$48.6 million in 2011. The top five producing States Were, 
in descending order by tonnage, Texas, Oklahoma, Arizona, | 
Pennsylvania, and Tennessee (table 6). Aguado Stone Inc., Coo 
Stone Co., Drake Stone Products Inc., Harley Gray Stone Co., 
and TBK Materials LLC, which were the leading producers, ; 
accounted for about 29% of the tonnage and 25% of the value 0 
mestic production. | 

Т was mined by four companies that Dus 
seven quarries in four States. Production tonnage siii 
3294 in 2012 to 54,600 t valued at $23.6 million from 41, ЊЕ 
valued at $16.7 million in 2011 (table 10). Тес TT Th 

i Georgia and Vermont. the 
leading producing State, followed by g isis a 
leading producers were SpA UA ee Co. (a subs 

г Inc.) and Tennessee Marble UO. | 

з а was produced by 13 companies ee 
15 quarries in 5 States. Production increased | | the 
35,900 t in 2012 from 31,400 t in 2011. The va se 3 
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Virginia. The leading producers were Newmont Slate Co., Inc.; 
Rupe Slate Co. Inc.; and Scrivanich Natural Stone Co. 


Consumption 


For the purposes of this report, apparent consumption is 
defined as production plus imports for consumption minus 
exports. Value data are used in the apparent consumption 
calculation because tonnage data are not available for imports 
and exports. Overall, the value of apparent consumption of 
dimension stone in the United States was estimated to be 
$2.13 billion in 2012; 11% more than that of 2011. 

Rough stone represented about 59% of the tonnage and 50% 
of the value of all dimension stone sold or used by domestic 
producers, which included exports. The leading uses of rough 
stone, by tonnage, were in building and construction (57%), 
and in irregular-shaped stone (28%). Dressed stone represented 
41% by tonnage and 50% by value of the total stone sold or 
used. The leading uses within dressed stone, by tonnage, were in 
ashlars and partially squared pieces (46%); curbing (22%); and 
flagging (9%) (table 7). 

Uses for the different varieties of dimension stone varied 
considerably. The major uses of granite sold or used in 2012, 
by tonnage, were in curbing (38%), rough blocks for building 
and construction (25%), monumental rough stone (20%), and 
in monumental dressed stone (6%) (table 8). Primary uses of 
limestone, by tonnage, were in rough blocks for building and 
construction (39%) and in dressed stone for ashlars and partially 
squared pieces (30%) (table 9). The primary use of marble, by 
tonnage, was in rough stone for building and construction (37%) 
(table 10). Primary uses of sandstone, by tonnage, were in rough 
blocks for building and construction (44%) and in dressed 
stone for ashlars and partially squared pieces (15%) (table 11). 
Dimension slate sold or used by producers in the United States 
in 2012, by tonnage, was principally for roofing (6096) and 
flagging (3796) (table 12). 


Prices 


The average 2012 value as reported by domestic producers 
for dimension stone was $211 per metric ton, a slight decrease 
from that of 2011 based on the USGS canvass data. The average 
unit values for different types of dimension stone were granite, 
$235 per ton; limestone, $199 per ton; marble, $431 per ton; 
sandstone, $159 per ton; and slate, $495 per ton. Available 
price data show considerable variation. Prices are substantially 
different not only for the kind of stone but also for the 
appearance of the same kind of stone. Color, grain structure, and 
finish contribute significantly to price and marketability. 


Foreign Trade 


Exports.—In 2012, the value of total exports of dimension 
stone decreased slightly to $64.9 million compared with that of 
2011; granite accounted for 4796 of the export value. The largest 
share of granite was exported to China (table 13). Although 
unreported, a significant amount of U.S. granite processed 
overseas probably was exported back to the U.S. market. 

Imports.—The value of imports for consumption of types 
of dimension stone increased by 994 in 2012 to $1.74 billion 
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(table 1). Brazil was the leading source of imported granite in 
2012, accounting for 44% by value. China, which continued 

to be a major source of granite, accounted for 23% of granite 
imports by value. Other important granite import sources 
included India (1596) and Italy (1196) (table 15). In 2012, China 
continued to be a major source of rough and dressed marble 
imports and accounted for 2296 by tonnage and 2196 by value. 
Italy continued to be a major source of rough and dressed 
marble imports and accounted for 19% by tonnage and 34% by 
value. Additionally, Turkey was a major source of rough and 
dressed marble imports and accounted for 25% by tonnage and 
16% by value (tables 16-17). Duties on imported dimension 
stone are listed in table 14. 


World Review 


World dimension stone production, including the 
United States, was estimated to be approximately 122 Mt in 
2011, the last year for which data were available. Although 
some small-scale production was likely in the majority of the 
world's nations, dimension stone was produced and officially 
reported in 28 countries. The top five producing countries in | 
2011 were, in descending order by tonnage, China, Turkey, 
India, Indonesia, and Italy, and these countries accounted for 
about 69% of the world's production. Global production of 
dimension stone increased by 1296 in 2011 compared with that 
of 2010. The United States ranked 11th in world production of 
dimension stone in 2011 (Gussoni, 2013, p. 63). 


Outlook 


U.S. apparent consumption of dimension stone increased 
by 11% in 2012. Production and imports of dimension stone 
all showed increases in 2012, coupled with growth in new 
commercial and residential construction. Steady activity from 
domestic stone installation businesses indicate that residential 
and commercial improvement and refurbishment remain the 
primary end markets for dimension stone, and these activities 
are expected to continue in 2013. Industry observers anticipate 
steady growth in the global dimension stone industry in the near 
term (Gussoni, 2013, р. 57-60). 
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TABLE 1 


SALIENT U.S. DIMENSION STONE STATISTICS' 


(Thousand metric tons and thousand dollars) 


pA SS SS = Е See 


2008 2009 2010 2011 2012 
Sold or used by producers: 
Quantity 1,800 1,620 1,670 1,850 € 2,150 
Value 326,000 328,000 323,000 395,000 ' 452,000 
Exports, value 65,700 48,300 54,500 66,000 64,900 
Imports for consumption, value 2,150,000 1,350,000 1,500,000 1,590,000 1,740,000 
"Revised. 
!Data are rounded to no more than three significant digits. 
TABLE 2 
DIMENSION STONE SOLD OR USED BY PRODUCERS IN 
THE UNITED STATES, BY TYPE"? 
E Ram MEME; CC ie’ 7 НЕ 
Quantity Value Quantity Value 
O o Tye бтешіс опе) (thousands) (metric tons) — (hose. 
Granite 462,000 * $108,000 500,000 $118,000 
Limestone’ 704,000 ' 149,000 ' 882,000 176,000 
Marble 41,500 16,700 54,600 23,600 
Sandstone" 328,000 ' 48,600 ' 324,000 51,700 
Slate 31,400 15,100 35,900 17,700 
Miscellaneous stone” 281,000" 56,600" 348,000 65,300 
Тога! 1,850,000 " 395,000 ' 2,150,000 452,000 
"Revised. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
2Does not include American Samoa, Guam, Puerto Rico, and the U.S. Virgin Islands. 
Includes limestone, dolomite, and other calcareous stone reported with no distinction between the 
kinds of stone. 
^Includes sandstone and quartzite reported with no distinction between the kinds of stone. ON 
5Includes any other type of stone used as building stone and commercial stone that does not fit the othe 
listed aforementioned categories. 
MINERALS YEARBOOK—201? 
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State 

Alabama 
Arizona 
Arkansas 
California 
Colorado 
Georgia 
Idaho 
Indiana 
Kansas 
Maine 
Maryland 
Massachusetts 
Michigan 
Minnesota 
Montana 
New Hampshire 
New Mexico 
New York 
North Carolina 
Ohio 
Oklahoma 
Pennsylvania 
South Dakota 
Tennessee 
Texas 
Utah 
Vermont 
Virginia 
Wisconsin 
Other? 

Total 


———— 


TABLE 3 
DIMENSION STONE SOLD OR USED BY PRODUCERS IN 
THE UNITED STATES, BY STATE! 


2011 
Quantity Value 
(metric tons) (thousands) 
W W 
112,000 $13,300 
15,100 1,770 
24,600 9,590 
4,920 994 
141,000 20,300 
27,500 4,200 
164,000 29,200 
51,600 4,640 
6,320 3,640 
6,270 1,230 
83,100 16,200 
W W 
46,300 28,500 
12,000 2,930 
W W 
W W 
99,000 17,800 
58,600 11,600 
25,400 5,100 
35,100 6,310 
24,800 5,040 
W W 
W W 
535,000 " 117,000 ' 
6,720 595 
78,700 21,800 
12,500 7,380 
170,000 38,600 
107,000 ' 26,600 ' 
1,850,000 ' 395,000 " 


2012 

Quantity Value 
(metric tons) (thousands) 
W W 
45,600 $5,570 
9,840 1,160 
23,100 9,200 
23,000 10,200 
142,000 16,800 
30,100 5,370 
186,000 32,000 
48,900 4,700 
7,200 4,150 
3,900 1,120 
145,000 34,200 
W W 
65,500 27,200 
13,600 1,360 
W W 
W W 
98,800 18,400 
52,700 8,480 
25,300 5,700 
52,600 7,420 
25,400 6,540 
W W 
32,200 7,210 
766,000 151,000 
W W 
75,300 24,900 
13,200 8,110 
158,000 37,900 
102,000 22,900 
2,150,000 452,000 


‘Revised. W Withheld to avoid disclosing company proprietary data; included in "Other." 
"Data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes Alabama, Connecticut (2011), Illinois, Michigan, Missouri, Nevada, 
New Hampshire, New Mexico, South Carolina, South Dakota, Tennessee (2011), 


Utah (2012), Washington, and West Virginia. 
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TABLE 4 


DIMENSION GRANITE SOLD OR USED BY PRODUCERS IN 
THE UNITED STATES, BY STATE! 


2011 2012 
Quantity Value Quantity Value 

State (metric tons) (thousands) (metric tons) (thousands) 
California W W W W 
Georgia 112,000 $8,520 128,000 $9,170 
Maine 6,320 3,640 7,200 4,150 
Massachusetts 78,800 15,400 130,000 32,500 
Minnesota W W W W 
New Hampshire W W 32,200 4,370 
New York W W W W 
North Carolina 53,600 11,100 37,800 7,390 
South Dakota W W W W 
Vermont W W 43,100 10,200 
Other" 211,000" _ 69,800 122,000 50,300 
Тога] 462,000 ' 108,000 500,000 118,000 


"Revised. W Withheld to avoid disclosing company proprietary data; included in 


"Other." 


!Data are rounded to no more than three significant digits; may not add to totals 


shown. 


"Includes California, Minnesota, Missouri, New Hampshire (2011), New York, 
South Carolina, South Dakota, Texas, Vermont (2011), Virginia, and Wisconsin. 


TABLE 5 


DIMENSION LIMESTONE SOLD OR USED BY PRODUCERS IN 
THE UNITED STATES, BY STATE! 


2011 
Quantity Vale — 
State (metric tons) (thousands) 
Alabama W W 
Indiana 164,000 $29,200 
Kansas 51,000 4,540 
Minnesota 10,700 6,980 
Ohio W W 
Texas 441,000 ' 100,000 ' 
Wisconsin W W 
Other? 36,600 8,480 
Total 704,000 " 149,000 ' 


2012 
Quantity Value 
(metric tons) (thousands) 
W W 
186,000 $32,000 
48,300 4,600 
30,700 10,100 
8,360 972 
584,000 121,000 
W W 
24,400 6,510 
882,000 176,000. 


а Ava STER URN 
"Revised. W Withheld to avoid disclosing company proprietary data; included in 
!Data are rounded to no more than three significant digits; may not add to 


totals shown. 


Includes Alabama, Arkansas, California, Illinois, Maryland, New York, 


Ohio (2011), Virginia, and Wisconsin. 
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ТАВТЕ 6 
DIMENSION SANDSTONE SOLD OR USED BY PRODUCERS IN 
THE UNITED STATES, BY STATE! 


2011 2012 
Quantity Value Quantity Value 
State (metric tons) (thousands) (metric tons) (thousands) 
Arizona 112,000 $13,300 45,600 $5,570 
Arkansas 14,400 1,690 9,310 1,110 
Colorado 4,920 994 10,500 2,290 
New York 13,200 1,960 12,600 2,290 
Ohio 19,000 4,330 16,900 4,730 
Oklahoma” 35,100 6,310 52,600 7,420 
Pennsylvania 18,500 3,350 18,000 4,990 
Tennessee 5,230 435 17,100 1,350 
Texas a 71,700 : 12,600 ' 123,000 19,700 
Other” m 28,200 ' 3,560 ' 18,900 2,250 
_ Total 328,000 ' 48,600 ' 324,000 51,700 
"Revised. 
Data are rounded to no more than three significant digits; may not add to totals 
shown. 


? Includes California, Idaho, Kansas, Maryland, Michigan, Montana, Utah, 
West Virginia, and Wisconsin. 


TABLE 7 
DIMENSION STONE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE! 


m 2011 2012 
Quantity Value Quantity Value 
Use (metric tons) (thousands) (metric tons) (thousands) 
Rough stone: 
Rough blocks for building and construction 478,000 " $99,100 ' 716,000 $138,000 
__Irregular-shaped stone EM 258,000 : 38,700 ' 358,000 53,300 
Monumental 116,000 25,300 115,000 19,400 
Other" u 79,600 12,200 73,800 15,400 
Dressed stone: = ик 
Ashlars and partially squared pieces 391,000 ' 95,700 ' 405,000 94,600 
Slabs and blocks for building and construction u 44,600 13,400 53,300 15,300 
Monumental 30,600 14,800 32,300 16,400 
Curbing 168,000 26,600 195,000 40,400 
Flagging 149,000 18,000 81,200 13,000 
_ Flagging (slate) | DEM 9,880 1,950 13,300 2,540 
Panels and veneer E 41,200 15,700 30,100 11,500 
_ Roofing slate ка 19,700 12,500 21,500 14,300 
. Flooring slate — — р | mM 107 234 216 429 
Tile, all dimensions 1,790 602 590 409 
Other! oe У 60,200" 19,900' 50,400 16,600 
____ Тога! IM И 1,850,0007 395,000: 2,150,000 452,000 
"Revised. | 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes flagging stone, exports, uses not specified, and uses not listed. 
*Includes blackboards, exports, structural and sanitary, uses not specified, and uses not listed. 
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TABLE 8 


DIMENSION GRANITE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE! 


2011 2012 


Use 


Rough stone: 
Rough blocks for building and construction 
Irregular-shaped stone 
Monumental 
Other” 
Dressed stone: 
Ashlars and partially squared pieces 
Slabs and blocks for building and construction 
Monumental 
Curbing 
Other? 
Total 


"Revised. 


!Data are rounded to no more than three significant digits; may not add to totals 


"Includes exports and uses not listed. 


shown. 


Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) 
90,600 ' $27,900 127,000 $33,300 
11,700 1,530 4,570 434 
90,600 18,000 97,700 11,800 
37,600 6,310 8,500 1,960 
13,400 7,340 13,500 8,520 
445 496 509 493 
30,500 14,800 29,400 15,600 
155,000 24,200 193,000 39,800 
32,400 7,830 26,100 6,150 
462,000 ' 108,000 500,000 118,000 


*Includes panels and veneer, tile, uses not specified, and uses not listed. 


TABLE 9 
DIMENSION LIMESTONE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE! 


2011 2012 
Quantity Value Quantity Value 
Use (metric tons) (thousands) (metric tons) (thousands) 

Rough stone: 

Rough blocks for building and construction 232,000 ' $42,900 ' 347,000 $63,200 
Irregular-shaped stone 143,000 ' 18,000 ' 208,000 29,600 
Other” 8,170 574 6,050 621 

Dressed stone: 

_ АзНагз and partially squared pieces 257,000 ' 64,800 ' 263,000 63,200 
Slabs and blocks for building and construction 29,800 6,050 18,200 4,860 
Monumental 112 36 2,700 699 
Flagging 5,050 1,050 4,690 1,220 
Panels and veneer 6,500 6,580 3,920 2,850 
Other 22,200 ' 9,080 ' 27,900 9,410 
Total 704,000 ' 149,000 ' 882,000 176,000 

"Revised. 


1 Е ае 
DR are rounded to no more than three significant digits; may not add to totals shown. 
Includes exports, monumental, and uses not listed. 


3 eee | 
Includes curbing limestone, tile, uses not specified, and uses not listed. 


TABLE 10 
DIMENSION MARBLE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE"? 


Neu Se LE 
Quantity Value Quantity Value 
== Use — | (metric tons) (thousands) (metric tons) (thousands) 
Rough stone: | а 
_ Rough blocks for building and construction — —- w w 2000 58090 
Dressed stone? W W W BEN 
Total 41,500 16,700 54,600 23,600 


W Withheld to avoid disclosing company proprietary data; included in total. 


1 
Dam are rounded to no more than three significant digits; may not add to totals shown. 
Includes monumental stone, uses not specified, and uses not listed. 


3 
Includes slabs and blocks, exports, flagging, monumental, panels and veneer, ashlars and partially squared pieces, tile, 
and uses not listed. 
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TABLE 11 
DIMENSION SANDSTONE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE' 


2011 2012 
Quantity Value Quantity Value 
Use (metric tons) (thousands) (metric tons) (thousands) 

Rough stone: 

Rough blocks for building and construction 104,000 " $17,000 ' 143,000 $22,200 

Irregular-shaped stone 17,700 ' 2,210' 21,900 3,250 

Other 26,500 3,970 42,400 6,590 
Dressed stone: 

Ashlars and partially squared pieces 25,100 * 4,070 € 47,600 8,010 

Flagging 111,000 12,500 41,100 5,650 

Panels and veneer 7,500 1,940 3,490 2,280 

Slabs and blocks for building and construction 1,880 715 14,300 1,630 

Other’ 33,600 ' 6,120 ' 9,920 2,060 

Total 328,000 ' 48,600 € 324,000 51,700 
"Revised. 


ав are rounded to no more than three significant digits; may not add to totals shown. 
?Includes monumental and uses not specified. 
Includes tile, curbing, exports, uses not specified, and uses not listed. 


TABLE 12 
DIMENSION SLATE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE! 


et 


2011 2012 
Quantity Value Quantity Value 
Use (metric tons) (thousands) (metric tons) (thousands) 
Flagging 9,880 $1,950 13,300 $2,540 
Roofing 19,700 12,500 21,500 14,300 
Flooring 107 234 216 429 
Other’ 1,740 461 877 427 


Total 31,400 15,100 35,900 17,700 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
“Includes structural and sanitary purposes, uses not specified, and uses not listed. 
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TABLE 13 
U.S. EXPORTS OF DIMENSION STONE, BY TYPE! 


(Thousand metric tons and thousand dollars) 


2011 2012 Major destination 
Type Quantity Value Quantity — Value in 20127 
Marble, travertine, alabaster worked? 65 $7,860 80 $9,430 Canada, 47%. 
Marble, travertine, crude or roughly trimmed 3 2,360 1 800 Italy, 42%. 
Marble, travertine, merely cut, by sawing or otherwise" 4 3,360 5 4,880 Italy, 52%. 
Granite, crude or roughly trimmed 60 25,000 55 23,500 China, 55%. 
Granite, merely cut by sawing or otherwise" 20 6,410 22 6,830 Canada, 56%. 
Slate, worked and articles of slate МА 5,470 МА 4,010 Canada, 70%. 
Slate, whether ог not roughly trimmed or merely cut? МА 336 МА 507 Indonesia, 35%. 
Other calcareous monumental or building stone; alabaster” 51 10,300 35 11,100 Canada, 97%. 
Other monumental or building stone® 19 4,840 14 3,790 Canada, 92%. 
Total XX 66,000 XX 64,900 


NA Not available. XX Not applicable. 

!Data are rounded to no more than three significant digits; may not add to totals shown. 

Ву value. 

Зрџићег worked than simply cut with a flat surface. 

“Blocks or slabs. 

Crude, roughly trimmed, or merely cut into blocks or slabs. Other than marble and travertine. 

Crude, roughly trimmed, or merely cut into blocks or slabs. Other than calcareous stone and alabaster, granite, sandstone, slate, 
dolomite, quartzite, and steatite. 


Source: U.S. Census Bureau. 
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TABLE 14 
U.S. IMPORT DUTIES ON DIMENSION STONE 


Tariff item 
Slate, rough blocks or slabs 
Rough blocks or slabs of marble, travertine, other calcareous 
monumental or building stone: _ 
Marble and travertine: 
Crude or roughly trimmed 
Marble, merely cut 
Travertine, merely cut 
Other calcareous stone, alabaster 
Rough blocks or slabs of granite, porphyry, basalt, sandstone, 
other monumental or building stone: 
Granite: 
Crude or roughly trimmed 
Merely cut 
Sandstone: 
Crude or roughly trimmed 
Merely cut 
Other monumental or building stone 
Setts, curbstones, flagstones 
Worked monumental or building stone: 
Tiles and cubes under 7 centimeters square, granules 
Other stone and articles with a flat or even surface: 
Marble, travertine, and alabaster: 
Travertine 
| Other 
Granite 
Other calcareous stone 
Other stone 
,. Other: 
Marble, travertine, and alabaster: 


дд 


— дд 


Travertine articles of subheading 6802.21.1000 that have 


ma Other 
Alabaster 


Other calcareous stone 


Worked slate and articles: | 

. Roofing slate | 

_ Other B 

Do. до. Ditto. — — 
‘Harmonized Tariff Schedule of the United States. 
Normal trade relations. 
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HTS! code 
2514.00.0000 


2515.00.0000 


2515.11.0000 
2515.12.1000 
2515.12.2000 
2515.20.0000 


2516.00.0000 


2516.11.0000 
2516.12.0000 


2516.20.1000 
2516.20.2000 
2516.90.0000 
6801.00.0000 
6802.00.0000 
6802.10.0000 


6802.21.0000 
6802.21.1000 
6802.21.5000 
6802.23.0000 
6802.29.1000 
6802.29.9000 


6802.91.0000 


6802.91.0500 
6802.91.1500 


6802.91.2000 
6802.91.2500 
6802.91.3000 
6802.92.0000 
6802.93.0000 
6802.99.0000 
6803.00.0000 
6803.00.1000 
6803.00.5000 


NTR, 
January 1, 2012 
Free 


Free 
do. 

3.0% ad valorem 
do. 


Free 
2.8% ad valorem 


Free 

3.0% ad valorem 
do. 

2.8% ad valorem 


4.8% ad valorem 


4.2% ad valorem 
1.9% ad valorem 
3.7% ad valorem 
4.9% ad valorem 
6.0% ad valorem 


2.5% ad valorem 
4.9% ad valorem 


4.2% ad valorem 
3.7% ad valorem 
4.7% ad valorem 
4.9% ad valorem 
3.7% ad valorem 
6.5% ad valorem 


3.3% ad valorem 
Free 


Non-NTR,” 


January 1, 2012 


25% ad valorem. 


$22.95 per cubic meter. 


13% ad valorem. 
50% ad valorem. 
Do. 


$8.83 per cubic meter. 


60% ad valorem. 


$5.30 per cubic meter. 


50% ad valorem. 
Do. 
60% ad valorem. 


40% ad valorem. 


50% ad valorem. 
13% ad valorem. 
60% ad valorem. 
50% ad valorem. 
30% ad valorem. 


15% ad valorem. 
50% ad valorem. 


50% ad valorem. 

40% ad valorem. 

50% ad valorem. 
Do. 

60% ad valorem. 

40% ad valorem. 


Bech dressed OF polished Ри пон Ила Worked, „озо ee Oe ee 


25% ad valorem. 
Do. 
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TABLE 15 
U.S. IMPORTS FOR CONSUMPTION OF DIMENSION GRANITE, BY COUNTRY! 


(Thousand dollars) 
Dressed 
Worked granite 
Cut to size? 
Monumental Building 
Rough Simply Not cut Maximum 1.5 1.5-7.5 minimum 7.5 minimum 7.5 Total Total 
Country granite? сиё to size” centimeters centimeters centimeters centimeters Other worked dressed 
2011: 
Argentina 86 -- -- 662 -- -- 85 848 848 
Brazil 200 7,040 1,650 291,000 121 5,130 54,300 447,000 454,000 
Canada 3,450 1,340 1,160 4,020 7,410 6,300 3,900 23,300 24,600 
China 1,220 12,100 9,090 97,400 15,900 7,550 59,300 200,000 212,000 
Finland 3 -- -- 14 -- -~ 20 34 34 
India 5,070 3,270 1,870 94,400 9,740 2240 23,100 150,000 153,000 
Italy 378 1,730 1,430 78,800 45 2,540 20,000 118,000 120,000 
Japan -- 95 -~ -- — 16 14 30 125 
Mexico - 273 га 75 E 18 87 184 457 
Norway 223 -- ~- 54 -- -— 88 142 142 
Portugal 5 7 77 144 ss = 186 407 414 
Saudi Arabia e 96 = 5,830 he 43 238 7,720 7,820 
South Africa 414 2 T 664 е7 ~ 420 1,140 1,150 
Spain 18 165 73 7,880 E 224 1,210 11,300 11,500 
Zimbabwe 103 - а 103 -- -- -- 103 103 
United Kingdom 313 ~ = 31 = a 9 46 46 
Other 731 528 4,550 459 15,400 69 350 4,140 24,900 25,500 
Total 12200 26,700 148,000 15,800 596,000 33,300 24,400 167,000 985,000 1,010,000 
2012: 
Argentina = Е 224 10 631 5 = 222 1,090 1,090 
Brazil 90 1,960 1,490 307,000 130 2.430 65,200 477,000 479,000 
Canada 3,910 781 1,090 3,440 6,000 8,680 4,040 23,700 24,400 
China 1,580 10,300 7,360 100,000 19,200 10,100 83,600 235,000 245,000 
Finland 3 == - 14 18 e 5 ah А 
India 4,110 2,810 2,490 96,100 11,400 1440 23,300 157,000 iere 
Italy 202 3,920 862 73,200 22 YE г и > 
арап x 73 = T 2i 
E 12 53 3 70 = 16 272 e » 
Norway 12 4 я ie s E i 2. 386 
Portugal 4 7 19 108 -- 2 250 а и 
~ Saudi Arabia Ы 264 = 5,130 -- é — kei 7 170 
_ South Africa _ 820 a н сат к 128 1,940 18300 1840 
Spain 88 138 105 13,400 P е x + 
E d 7 23 i: i В 6 5 a 
ited Kingdom 8 ai к е Aw 
T 826 1,030 5,090 306 14,900 32 185 490 oo ао 
Teak — — H0 Яо 162000 ПШ вэй eee 
-- Zero. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 
2One or more faces worked more than simply cut. 


i | ise; Harmoni | le of the United States 
?Normal quarry products. Includes crude or roughly trimmed and roughly cut by sawing or otherwise; H onized Tariff Schedule o 
(HTS) codes 2516.11.0000, 2516.12.0030, and 2516.12.0060. 


^simply cut with a flat even surface; HTS code 6802.23.0000. 
*Only one face worked more than simply cut; HTS code 6802.93.0010. 


Source: U.S. Census Bureau. 
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TABLE 16 
U.S. IMPORTS FOR CONSUMPTION OF MAJOR CATEGORIES OF DIMENSION MARBLE AND OTHER CALCAREOUS 


STONE, BY COUNTRY! 


Dressed 
Marble, slabs” Marble, other! Other calcareous stone' Rough marble? 
Quantity Value Quantity Value Quantity Value Quantity Value 
Country (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 
2011: 
Brazil 2,230 $2,590 283 $289 807 $830 — -- 
Сапада 97 348 784 1,760 5,810 2,730 3 $9 
China 46,600 36,200 39,500 50,500 17,000 13,500 5,010 1,610 
France 126 267 284 644 4,870 7,830 28 19 
Greece 3,240 5,910 1,730 3,140 155 230 25 9 
India 3,510 2,870 2,050 3,310 2,050 963 142 80 
Israel 2,340 2,240 1,240 1,600 4,200 5,240 -- -- 
Italy 52,400 94,500 17,000 37,100 7,070 11,400 274 487 
Lebanon 16 11 -- -- 35 126 -- -- 
Мехісо 250 271 1,980 3,180 38,300 7,190 84 50 
Portugal 1,130 1,440 668 1,240 9,900 11,400 -- — 
Зрат 23,500 21,600 15,700 14,900 7,550 7,500 74 92 
Taiwan 329 357 1,450 2,510 140 150 -- = 
Turkey 18,900 18,900 64,300 47,500 5,910 5,780 70 102 
Other 7,670 6,110 13,800 11,900 19,700 11,500 164 136 
Total 162,000 194,000 161,000 180,000 124,000 86,400 5,870 2,590 
2012: ХЕ 
Brazil 3,190 4,050 301 300 665 771 -- -- 
Сапада 87 144 939 2,060 20,900 13,100 -- -- 
Стпа 50,000 37,100 42,800 59,100 24,300 19,100 2,260 939 
. France 125 476 264 668 10,700 8,710 24 48 
Greece __ 4,030 7,260 2,350 4,500 223 386 (6) 3 
India | 5,570 4,810 1,990 3,220 1,750 1,170 31 41 
Israel 2,280 2,060 1,310 1,240 3,050 3,930 -- -- 
Italy 68,700 128,000 23,200 41,900 8,940 12,600 157 398 
. Lebanon _ ~- -- 17 37 72 455 -- -- 
Mexico __ 2,460 1,560 1,550 2,850 5,170 5,940 33 10 
__ Portugal _ 1,570 1,760 969 1,530 29,400 9,440 38 50 
_ брат 23,100 22,000 12,100 11,000 7,910 7,200 221 161 
. Taiwan __ 328 388 1,570 2,750 178 171 18 14 
. Turkey 24,100 21,400 80,100 57,100 29,200 7,190 126 79 
Other 8220 6,910 _ 12,100 11,000 20,700 12,200 80 58 
E Total = 194, 1,000 _ 238,000 _ 182, 000 . | 199, 000 _ 163,000 102,000 2,990 1,800 
-- Zero. 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 
“Worked more than simply cut with a flat surface; Harmonized Tariff Schedule of the United States (HTS) code 6802.91.0500. 
"Merely cut by sawing or otherwise. 
Worked more than simply cut with a flat surface, other than marble and travertine; HTS code 6802.92.0000. 
Simply cut by sawing or otherwise into rectangular blocks or slabs; HTS code 2515.12.1000. 
*Less than % unit. 
Source: U.S. Census Bureau; data adjusted by the U.S. Geological Survey. 
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TABLE 17 
U.S. IMPORTS FOR CONSUMPTION OF DIMENSION STONE, BY TYPE! 


2011 2012 
Value Value Major source 

Type Quantity (thousands) Quantity (thousands) for 2012? 
Marble and alabaster’ metric tons 15,700 $17,900 18,600 $21,700 Italy, 31%. 
Slate, roofing million square feet 7 7,430 8 9.230 China, 33%. 
Slate, roughly trimmed or simply cu — 1 1 de 4,890 1,710 7,960 3,320 China, 54%. 
Slate, worked and articles of slate, and other” do. NA 54,000 NA 51,500 China, 50%. 
Travertine, monumental or building stone and articles thereof" — —  — do. 16,500 13,600 16200 14300 Mexico 33%, 
Travertine, worked monumental or building stone' do. 39,200 17,800 28,500 17,100 Turkey, 36%. 
do. Ditto. МА Not available. 
'Data are rounded to no more than three significant digits. Does not include totals shown on tables 15 and 16. 
?By value. 
>Simply cut with a flat surface. 
"Rectangular blocks or slabs. 
>Other than roofing, including agglomerated slate. 
$Simply cut with a flat surface, other than tiles and granules. 
"Dressed or polished but not further worked. 
Source: U.S. Census Bureau. 
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STRONTIUM 


By Joyce A. Ober 


Domestic survey data and tables were prepared by Maria Arguelles, statistical assistant, and the world production table was 
prepared by Glenn J. Wallace, international data coordinator. 


Domestic apparent consumption of strontium decreased in substituted for barite in some drilling fluids used in natural 
2012 as reflected by a decrease in net imports of strontium gas and crude wells. Oil field service companies that produce 
compounds. Apparent consumption of strontium, which drilling fluids do not specify the content of the fluids they 
peaked in 1997, has shown a downward trend since that time. sell and treat that information as proprietary; thus, celestite 
At its peak, as much as 75% of strontium consumed in the consumption in drilling fluids was not confirmed. 

United States was used in faceplate glass for color cathode ray Permanent ceramic ferrite magnets are used extensively in 
tubes (CRTs). That market for strontium compounds collapsed small direct current motors for automobile windshield wipers, 
when the last U.S. CRT glass plant closed in 2006, the same loudspeakers, magnetically attached decorative items, toys, and 
year that domestic strontium carbonate and strontium nitrate other electronic equipment. Strontium ferrite magnets possess 
production ceased. Strontium minerals were not mined in the the chemical and physical properties that are ideal for use in 
United States in 2012, although deposits have been identified these applications, such as effectiveness at high temperatures, 
and were mined in the past. World production of celestite low densities, and resistance to corrosion and demagnetization. 
decreased by about 4% to 254,000 metric tons (t) in 2012 from Strontium oxide and strontium carbonate are used as frits in 
264,000 t in 2011 (tables 1, 4). ceramic glazes as a nontoxic alternative to barium and lead. 

Strontium composes about 0.04% of the Earth’s crust, ranking Strontium oxide is used as a glass modifier to enhance optical 
15th among elements in abundance (MacMillan and others, glass properties, increase hardness and strength, and intensify 
2005). Owing to its high reactivity to air and water, strontium light refraction. Strontium glass is colorless and absorbs 
is not found in nature in metallic form. Two strontium-bearing ultraviolet and x-ray radiation, an ideal glass for CRT faceplates, 
minerals, celestite (strontium sulfate) and strontianite although flat panel displays have replaced CRTs in most 
(strontium carbonate), contain strontium in sufficient quantities applications. The fiberglass, lab glass, and pharmaceutical glass 
to make recovery practical. Of the two, celestite occurs much industries consume strontium in smaller amounts. 
more frequently in sedimentary deposits of sufficient size to Strontium nitrate is used most often as a coloring agent 
make mining attractive. in pyrotechnic applications, to produce a bright red and in 

combination with a copper compound to produce purple. 
Production Strontium carbonate, strontium chloride, strontium oxalate, 
and strontium sulfate can also be used. Strontium pyrotechnic 

Although strontium carbonate was not produced in the applications include civilian and military flares, fireworks, and 
United States in 2012, it was the principal strontium compound tracer ammunition. 
produced globally, and most other strontium compounds were In metallurgical applications, strontium metal is added to 
derived from strontium carbonate. Domestic production of aluminum alloys to improve castings used in aerospace and 
strontium carbonate ceased in 2006 with the closure of the automotive applications. Strontium can be used to remove 
Chemical Products Corp.’s strontium carbonate and strontium lead impurities during the electrolytic production of zinc. 
nitrate operations in Cartersville, GA. A few companies The addition of strontium carbonate dissolved in sulfuric acid 
produced small quantities of downstream strontium chemicals reduces the lead content of the electrolyte and of the zinc 
elsewhere in the United States. deposited on the cathode. 


Strontium chromate was incorporated into paints as a 


и corrosion inhibitor, effectively coating aluminum used in the 
construction of aircraft fuselages and ships. Strontium chromate, 
Strontium compounds were mostly consumed by the however, was classified as a carcinogen in humans because of 
о and pyrotechnics industries, with smaller its hexavalent chromium content, leading many in the paint 
carbonate о i multitude of other industries. Strontium industry to seek safer alternatives and the European Chemical 
Ma E. irectly In some applications and also is Agency to propose strict regulations for its use. Although | 
Ppropriate downstream chemicals such as achieving comparable corrosion resistance proved difficult using 


о strontium hydroxide, or strontium nitrate. more environmentally friendly materials, initial work resulted in 
Con ора i y par as the raw material in strontium the development of a calcium-strontium-phosphate Е 
quantities as an ue is consumed directly in small a silicate core that showed promise (Hodges and others, n 
industrial о je a to barium sulfate as white filler in European Chemical Agency, 2012). Other strontium penn 
been impossible to necdotal reports, which have thus far were used as catalysts to accelerate the drying of oils, paints, 

о verify, indicate that increased imports of and printing inks (Brezinski and others, 2011). 


celestite si 
© since 2010 may have been the result of celestite being 


ST 


Google 


The prescription drug strontium ranelate has been shown 
to reduce the incidence of fractures in osteoporotic patients 
by promoting the uptake of calcium into bones. No rigorous 
clinical studies have been completed that prove whether 
strontium dietary supplements, such as strontium carbonate 
and strontium citrate, are effective treatments for osteoporosis 
(Johannes, 2013). The isotope strontium-89 has been used 
successfully in medical trials for the treatment of pain associated 
with advanced metastatic cancer (Porter, 1994). Strontium 
chloride is used in some toothpastes to treat tooth-sensitivity 
caused by temperature and pressure. 

Strontium exhibits a high dielectric constant, making it an 
attractive material for use in wireless devices and memory chips. 
Strontium titanate is sometimes used as a substrate material 
for semiconductors and in some optical and piezoelectric 
applications. Research also was conducted into the use of 
strontium in superconductors and radiation detectors. As the 
technology improves and costs decrease, high-tech industries 
may consume more strontium (McCoy, 2009; McIntosh, 2009; 
Physorg, 2010; Walter, 2010; Singh and others, 2011). 

Strontium oxide aluminate is used as a phosphorescent 
(glow-in-the-dark) pigment in applications such as emergency 
exit signs that glow brighter and longer than those using more 
common photoluminescent pigments (Merit Lighting, LLC, 
2008). Strontium phosphate is used in the manufacture of 
fluorescent lights, and the entire range of strontium chemicals is 
used in analytical chemistry laboratories. 


Prices 


Based on data published by the U.S. Census Bureau, the 
average customs unit value for celestite imported from Mexico 
was $49.82 per metric ton, an 8% increase compared with that 
of 2011. The average unit customs value of imported strontium 
carbonate was $0.82 per kilogram, a 1976 decrease from 
$1.01 per kilogram in 2011. In 2012, the unit value of imported 
strontium metal increased by 2696 to $9.03 per kilogram from 
$7.14 per kilogram. In 2012, the corresponding value for | 
strontium nitrate was $1.19 per kilogram, which was 5% higher 
than that of 2011. Strontium compound and mineral prices 
can vary widely from year to year, and reasons for significant 
changes are difficult to determine. 


Foreign Trade 


With the changes in the domestic strontium market— " 
strontium carbonate consumption for CRT production shifting to 
Asia (where CRIs continued to be produced) and the continued 
consumption of strontium compounds for ceramics, glass, and 

yrotechnic—strontium exports from and imports into the 
United States have become erratic from year to year. Adequate 
information to explain the variations is unavailable. Total 
strontium imports by gross weight were 34,300 t in 2012, about 
the same as those of 2011 (table 3). | | 

Total strontium exports by gross weight were 120 t in 
2012—four times that in 2011. Exports to Canada, India, the 
Republic of Korea, and the United Kingdom accounted for 


100% of total strontium exports (table 2). 
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Imports of celestite from Mexico were 19,700 t in 2012, 
18% more than those in 2011 (table 3). Imports of all strontium 
compounds and metal decreased in 2012 compared with 
those of 2011. Strontium compounds imported from China, 
Germany, and Mexico accounted for nearly 99% of total 
strontium imports into the United States by gross weight, with 


Mexico representing 66%; Germany, 28%; and China, 5% of 
total imports. 


World Review 


Large deposits of high-grade celestite have been discovered 
throughout the world, but active mines were primarily in China, 
Mexico, and Spain. These countries accounted for 89% of 
total celestite produced in 2012. Turkey was a leading celestite 
producer but has reported no celestite production since 2008. 
Smaller mines operated in Argentina, Iran, and Morocco. Many 
large deposits are not economic to mine owing to high levels 
of barium and calcium, impurities requiring energy-intensive 
and cost-prohibitive methods for separation. Most strontium 
producers require a minimum of 90% strontium sulfate content 
to achieve profitability. Hand sorting and some washing are all 
that are necessary at many strontium mines; a few operations 
use froth flotation, gravity separation, or other methods to 
beneficiate ore. Production facilities for strontium compounds 
and metal have operated in Canada, China, Germany, Japan, 
Mexico, the Republic of Korea, and the United States, but the 
status of some of these operations was unclear in 2012, and 
some were thought to be idle. 


Outlook 


Improved economic conditions worldwide could spur 
increased demand for strontium carbonate in more traditional 
applications. Use of strontium by the ceramics, glass, | 
and pyrotechnics industries is expected to continue, with 
continued demand for strontium used in ferrite magnets. 
With developments in advanced applications, consumption of 
strontium in new end uses may increase. 
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TABLE 1 
SALIENT STRONTIUM STATISTICS! 


(Metric tons of contained strontium and dollars per metric ton unless otherwise noted) 


2008 


United States: 
Production, strontium minerals 


_ frogucüuon,Stronuum minerals ии 


Imports for consumption:? 


Strontium compounds 9,420 
Strontium minerals 2,030 


Exports, carbonate? 
Shipments from Government stockpile excesses 


Apparent consumption 11,400 


Price, average value of mineral imports at port 
of exportation 
World, production of celestite, gross weight 
“Estimated. ‘Revised. -- Zero. 
'Data are rounded to no more than three significant digits. 


390,000 ' 


2009 2010 2011 2012 
5,860 8,640 10,000 8,150 
6,420 2,370 7,320 8,660 
94 72 18 71 
12,20 10,900 17,300 16,700 
47 45 46 50 
330,000 ' 219,000 ' 264,000 * 254,000 * 


The strontium content of celestite is 43.88%, which was used to convert units of celestite. 


Source: U.S. Census Bureau. 
“Production plus imports minus exports. 


TABLE 2 
U.S. EXPORTS OF STRONTIUM CARBONATE, BY COUNTRY! 


2012 
Gross weight Gross weight 
Country (kilograms) Value? (kilograms) Value? 

Argentina OOOO 2,600 $3,450 -- - 
Brazil | 5,030 -- -- 
Canada 14,300 17,900 20,700 $24,300 
Germany 12,200 11,500 -- -- 
India be -- 2,950 2,800 
Saudi Arabia 650 3,360 -- = 
United Kingdom п ый = 81,300 88,400 

Total — 30,300 41,300 120,000 130,000 
-- Zero. 
! Data are rounded to no more than three significant digits; may not add to totals shown. 
?Free alongside ship value. 
Source: U.S. Census Bureau; data adjusted by the U.S. Geological Survey. 
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TABLE 3 
U.S. IMPORTS FOR CONSUMPTION OF STRONTIUM COMPOUNDS, BY COUNTRY! 


73.4 


2011 2012 
Gross weight Gross weight 
Compound and country (kilograms) Value” (kilograms) Value? 
Celestite, Mexico 16,700,000 $768,000 19,700,000 $983,000 
Strontium carbonate: 

China 2,740,000 6,290,000 152,000 529.000 

Germany 4,480,000 3,360,000 4,060,000 3,190,000 

Italy 13,400 76,200 6,000 40,700 

Mexico 6,860,000 4,540,000 7,070,000 5.490,000 

Spain 157,000 132,000 38,000 23,700 

Total 14,200,000 14,400,000 11,300,000 9,270,000 
Strontium metal: 

Canada 552 33,400 -- -- 

China 165,000 1,180,000 121,000 1,090,000 

France -- -— 9,000 72,100 

Germany -- -- 265 5,190 

Korea, Republic of -- -- 3 3,480 

Мехїсо 9,260 38,500 = ~ 

Russia -- -- 20 9,090 

Тога! 175,000 1,250,000 130,000 1,180,000 
Strontium nitrate: 

China 321,000 452,000 424,000 611,000 

France -- -- 120 8,400 

Нипрагу ~- -- 300 6,630 

India ~- -- 600 5,400 

Japan 108,000 379,000 -- =- 

Mexico 2,740,000 2,750,000 2,600,000 2,970,000 

Spain 81,700 70,700 60,000 63,000 

Total 3,250,000 3,660,000 3,090,000 3,670,000 
Strontium oxide, hydroxide, peroxide: 

China 37,600 67,500 1,160 20,400 
Wo I ы з м is 20,000 19,000 
Noo ee eee | 2,030 172 12,300 
Мр т.о ые» E E E ài = | 3,050 

i 10 6,500 Be oe ТОЯ 
Qu a aaa 37,600 76,000 21,300 54,700 
-- Zero. 


!Data rounded to no more than three significant digits; may not add to totals shown. 


2Customs value. 


Source: U.S. Census Bureau. 
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TABLE 4 
CELESTITE: WORLD PRODUCTION, ВУ COUNTRY"? 


(Metric tons) 

Country 2008 2009 2010 2011 2012* 

Argentina 14,910 8,169 8,512 1,056 ' 5,000 

China* 200,000 210,000 94,000 ' 100,000 ' 100,000 

Кап“ 2,000 15,396 ^* -! 40,000 ' 20,000 
Mexico 29,621 ' 36,127 ' 31,429 40,669 ' 46,192 4 

Могоссо“ Е 2,600" 2,500 ' 2,500 2,500 2,500 

Pakistan* 1,000 ds E AC ш; 

Spain 138,590 ' 57,466 ' 83,035 ' 80,000 ^* 80,000 

Turkey 1,600 -- ~- -- T -- 

Total | 390,000 ' 330,000 ' 219,000 ' 264,000 ' 254,000 


*Estimated. 'Revised. -- Zero. 


"World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
?Table includes data available through March 31, 2014. 


*In addition to the countries listed, Tajikistan was thought to produce celestite, but information was not available to make reliable estimates. 
‘Reported figure. 
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SULFUR 


By Lori E. Apodaca 


Domestic survey data and tables were prepared by Maria Arguelles, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


In 2012, the global demand for sulfur remained strong despite 
decreased phosphate fertilizer consumption worldwide. Global 
sulfur trade increased by about 3% compared with that in 2011 
owing mainly to the increased demand for sulfur in China and 
Brazil (Prud'homme, 2013, p. 50). 

The United States ranked second in world sulfur production 
following China (table 11). Elemental sulfur and byproduct 
sulfuric acid produced as a result of efforts to meet 
environmental requirements that limit atmospheric emissions 
of sulfur dioxide were the dominant sources of sulfur around 
the world. 

Through its major derivative, sulfuric acid, sulfur ranks as 
one of the most important elements used as an industrial raw 
material and is of prime importance to every sector of the 
world's fertilizer and manufacturing industries. Sulfuric acid 
production is the major end use for sulfur, and consumption of 
sulfuric acid has been regarded as one of the best indexes of a 
nation's industrial development. More sulfuric acid is produced 
in the United States every year than any other inorganic 
chemical; an estimated 29.0 million metric tons (Mt), which is 
equivalent to about 9.5 Mt of elemental sulfur, was produced 
in 2012, about a 3% decrease from that of 2011 (International 
Fertilizer Industry Association, 2013b, p. 9). 

In 2012, domestic production and shipments of sulfur in 
all forms were slightly higher than those of 2011 (table 1). 
Elemental sulfur recovered at petroleum refineries was 4% 
higher than it was in 2011, and sulfur recovered from natural 
gas operations decreased by 10%. Producers' stocks decreased 
by 25%, accounting for less than 1% of shipments. Byproduct 
sulfuric acid production and shipments decreased by 1994. 
Apparent consumption of sulfur in all forms decreased by 6%. 
Imports of elemental sulfur and sulfuric acid combined 
decreased by 7% and exports increased by 34%. The average 
unit value of recovered sulfur in 2012 was 23% less than that of 
2011, resulting in the value of total elemental sulfur shipments 
decreasing by 20% compared with the 2011 value of shipments. 
The total value of byproduct sulfuric acid shipments decreased 
by about 4% (table 1). 

Worldwide, compliance with environmental regulations has 
contributed to increased sulfur recovery; for 2012, global sulfur 
production was virtually unchanged (table 11). Recovered 
elemental sulfur is produced primarily during the processing 
of natural gas and crude petroleum. Estimated worldwide 
production of native (naturally occurring elemental) sulfur 
Increased by 6%. In the few countries where pyrites remain 
an important raw material for sulfuric acid production, sulfur 
production from pyrites increased slightly. 

Since 2005, between 81% and 8396 of the world's sulfur 
production as elemental sulfur and byproduct sulfuric acid 
came from recovered sources. Some sources of sulfur were 
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unspecified, which means that the material could have been, 
and likely was, recovered elemental sulfur or byproduct sulfuric 
acid, increasing the percentage of byproduct sulfur production 
to about 90% annually. The quantity of sulfur produced from 
recovered sources was dependent on the world demand for fuels, 
nonferrous metals, and petroleum products rather than for sulfur. 
World sulfur consumption was estimated to have increased by 
4% from that of 2011; typically, about 50% was used in fertilizer 
production, and the remainder, in myriad other industrial uses. 
World trade of elemental sulfur increased about 3% from the 
levels reported in 2011. Worldwide inventories of elemental 
sulfur were tight owing to the continued demand for sulfur; 
some of the demand was met by drawing down stocks in Canada 
and Kazakhstan (Prud’homme, 2012, p. 40). 


Legislation and Government Programs 


On August 1, 2012, the California Ocean-Going Vessels 
Fuel Regulation, requiring ships to use cleaner, low-sulfur 
marine distillate fuel in main engines, auxiliary engines, and 
boilers, was revised to reduce the maximum allowable fuel 
sulfur content from 1.5% to 1.0% sulfur. These mandatory fuel 
standards affect ocean-going vessels within California waters 
and within 44 kilometers (24 nautical miles) of the California 
coastline (California Air Resources Board, 2012). 


Production 


Recovered Elemental Sulfur.—U.S. production statistics 
were collected on a monthly basis and published in the 
U.S. Geological Survey (USGS) monthly sulfur Mineral 
Industry Surveys. All 103 operations to which survey 
requests were sent responded; this represented 100% of the 
total production listed in table 1. In 2012, production and 
shipments were slightly higher than those of 2011. Lower 
prices and decreased demand for sulfur resulted in the value of 
recovered shipments being 20% lower than that of 2011. For 
2012, on average, U.S. petroleum refineries operated at 88.7% 
of capacity, a 3% increase from that of 2011 (U.S. Energy 
Information Administration, 2013d). 

Recovered elemental sulfur, which is a nondiscretionary 
byproduct from petroleum-refining, natural-gas-processing, 
and coking plants, was produced primarily to comply with 
environmental regulations that were applicable directly 
to emissions from the processing facility or indirectly by 
restricting the sulfur content of the fuels sold or used by the 
facility. Recovered sulfur was produced by 39 companies at 
103 plants in 25 States and 1 plant in the U.S. Virgin Islands 
(closed in February 2012). The size of the sulfur recovery 
operations varied greatly from plants producing more than 
500,000 metric tons per year (t/yr) to others producing less than 
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500 t/yr. Of all the sulfur operations canvassed, 32 produced 
more than 100,000 metric tons (t) of elemental sulfur in 2012, 
15 produced between 50,000 and 100,000 t, 32 produced 
between 10,000 and 50,000 t, and 24 plants produced less 

than 10,000 t. By source, 8896 of recovered elemental sulfur 
production came from petroleum refineries or satellite plants 
that treated refinery gases and coking plants; the remainder was 
produced at natural-gas-treatment plants (table 3). 

The leading producers of recovered sulfur, all with more than 
500,000 t of sulfur production were, in descending order of 
production, Exxon Mobil Corp., ConocoPhillips Co. (including 
its joint venture with Encana Corp.), Valero Energy Corp., 
Chevron Corp., Shell Oil Co., and Marathon Petroleum Corp. 
Тре 42 plants owned by these companies accounted for 56% 
of recovered sulfur output during the year. Recovered sulfur 
production by State and district is listed in tables 2 and 3. 

In 2012, 5 of the 20 largest oil refineries in the world, in 
terms of crude-processing capacity, were in the United States. 
In descending order of capacity, they were Exxon Mobil's 
Baytown, TX, refinery; Marathon's Garyville, ГА, refinery; 
Exxon Mobil's Baton Rouge, LA, refinery; BP's Texas City, 
TX, refinery; and Citgo Petroleum Corp.'s Lake Charles, LA, 
refinery (Oil & Gas Journal, 2012b). The capacity to process 
large quantities of crude oil does not necessarily mean that 
refineries recover large quantities of sulfur, but all these 
refineries were major producers of recovered sulfur. Sulfur 
production depends on installed sulfur recovery capacity as 
well as the types of crude oil that were refined at the specific 
refineries. Major refineries that process low-sulfur crude oils 
may have relatively low sulfur production. According to Oil 
& Gas Journal (2012a, p. 2), the United States operated 20% 
of world refining capacity, but had almost 4096 of world sulfur 
recovery capacity at these refineries. | 

According to data from the U.S. Energy Information 
Administration (2013c), U.S. refining capacity rose slightly 
from 2009 through 2012, and capacity rose by about 576 | 
from 2000 through 2011, without building any new refineries. 
In 2012, U.S. refinery capacity was 17.8 million barrels 
per day. Overall U.S. refinery capacity increased by about | 
500,000 barrels per day (bbl/d) in 2012 owing to the increase in 
refining capacity at the Motive Enterprises, LLC, Port Arthur, 
TX, refinery and the restart of the Monroe Energy, LLC, Trainer, 
PA, refinery. Although this information did not specifically 
mention sulfur capacity expansion, any such expansions would 
likely include increased sulfur recovery facilities, probably | 
proportionally higher than the increases in throughput capacity. 

Hovensa LLC announced in January 2012, that it would | 
commence shutdown of its 495,000-bbl/d refinery on St. Croix 
in the U.S. Virgin Islands in February. After the refinery shut 
down, it would operate as an oil storage terminal. Hovensa had 
recently upgraded its sulfur recovery facilities to a capacity of 
1.5 million metric tons per year (Mt/yr). Losses at the refinery 
totaled $1.3 billion in the past 3 years owing to the weakness 
in demand for refined petroleum products following the global 
downturn, and the company was unable to compete with new 
refining capacity in emerging markets (Sulphur, 2012c). 

Monroe Energy (a subsidiary of Delta Air Lines) reached an 
agreement with Phillips 66 Co. to acquire the Trainer refinery 
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complex south of Philadelphia, PA. The Trainer refinery 
complex had a crude oil processing capacity of 185,000 bbl/d 
and processed mainly light, low-sulfur crude oil. Monroe 
acquired the refinery for $150 million and planned to spend 
$100 million to convert the existing infrastructure to maximize 
jet fuel production. In addition, Monroe received $30 million in 
State government assistance for job creation and infrastructure 
improvement (Delta Air Lines, 2012). 

Sunoco, Inc. formed a joint venture with the Caryle Group to 
keep the 330,000-bbl/d refinery in Philadelphia, PA, in service. 
Plans were to upgrade the refinery and construct a high-speed 
train-unloading facility linking the refinery with North American 
crude supplies. The Pennsylvania State government would 
provide grants, reported to be worth $25 million, to help finance 
the refinery upgrade and rail facility (Oil & Gas Journal, 2012c). 

During 2012, expansion and improvement projects were 
underway or in the planning stages at six refineries in the 
United States. In addition to increasing throughput capacity at 
the operations, upgrades were intended to increase the existing 
refineries' capabilities to process low-quality, high-sulfur crude 
oil, such as those from Canada's oil sands, Saudi Arabia, and 
Venezuela. Oil sands producers were partners in some of the 
projects, as part of a strategy to ensure outlets for future oil 
sands production. One sulfur recovery plant was completed 
in 2012, but most were expected to be completed between 
2013 and 2014 (Sulphur, 2013). 

Byproduct Sulfuric Acid.—Sulfuric acid production at 
copper, lead, molybdenum, and zinc roasters and smelters 
accounted for about 7% of total domestic production of sulfur | 
in all forms and totaled the equivalent of 586,000 t of elemental 
sulfur. Byproduct sulfuric acid production decreased by 19% 
compared with that of 2011 (tables 1, 4). Three acid plants 
operated in conjunction with copper smelters, and two Were 
byproduct operations of lead, molybdenum, and zinc smelting 
and roasting operations. The three largest byproduct sulfuric 
acid plants, in terms of size and capacity, were associated 
with copper smelters and accounted for 92% of the byproduct 
sulfuric acid output. The copper producers—Asarco LLC, 
Kennecott Utah Copper Corp., and Freeport McMoRan TA 
Copper & Gold Inc.—each operated a sulfuric acid plant at 1 
primary copper smelter. 


Consumption 


Apparent domestic consumption of sulfur in E и 
6% lower than that of 2012 (table 5). Of the Т E S sik 
65% was obtained from domestic sources 45 em ЕЙ 
(60%) and byproduct acid (5%) compared “ Spo сайд 
67% in 2010, 79% in 2009, and 64% in ме pedo S fü 
35% was supplied oy 05 Tew end-use data 
(27%) and sulfuric acid (8%). The m co beati бийк 
on sulfur and sulfuric acid according tot wane 6) 
classification (SIC) of industrial uk 

Sulfur differs from most other О ot 
in that its primary use is as à pert e generally requires 
component of a finished product. T ical pio duct prior de : 
it be converted to an intermediate с ifur end изе, sulfuric 
initial use by industry. The leading У ijon with an i 
represented 66% of reported consumP 
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end use. Although reported as elemental sulfur consumption 
in table 6, it is reasonable to assume that nearly all the sulfur 
consumption reportedly used in petroleum refining was first 
converted to sulfuric acid, bringing sulfur used to produce 
sulfuric acid to 85% of the total sulfur consumption. Some 
identified sulfur end uses were included in the *Unidentified" 
category (table 6) because these data were proprietary. A 
significant portion of the sulfur in the “Unidentified” category 
may have been shipped to sulfuric acid producers or exported, 
although data to support such assumptions were not available. 

Because of its desirable properties, sulfuric acid retained its 
position as the most universally used mineral acid and the most 
produced and consumed inorganic chemical, by volume. Data 
based on USGS surveys of sulfur and sulfuric acid producers 
showed that reported U.S. consumption of sulfur in sulfuric 
acid (100% basis) decreased by 3%, and total reported sulfur 
consumption increased by 396. The reported decrease in sulfuric 
acid consumption can be attributed to the 6% decrease in sulfur 
acid use in phosphate fertilizers. Reported consumption figures 
do not correlate with calculated apparent consumption owing 
to reporting errors and possible double counting in some data 
categories. These data are considered independently from 
apparent consumption as an indication of market shares rather 
than actual consumption totals. 

Agriculture was the leading sulfur-consuming industry; 
consumption in this end use decreased by 396 to 7.26 Mt 
compared with 7.51 Mt in 2011 resulting from decreased 
consumption in phosphatic fertilizers. Based on export data 
reported by the U.S. Census Bureau, the estimated quantity of 
sulfur needed to manufacture exported phosphatic fertilizers 
decreased by about 11% to 4.2 Mt. In 2012, about 45% of the 
domestic phosphate fertilizer production was exported. 

The second ranked end use for sulfur was in petroleum 
refining and other petroleum and coal products. Producers of 
sulfur and sulfuric acid reported that the consumption of sulfur 
in that end use decreased slightly from that of 2011. Demand for 
sulfuric acid in copper ore leaching, which was the third ranked 
end use, increased slightly. 

Production data for sulfuric acid produced as a result 
of recycling spent and contaminated acid from petroleum 
alkylation and other processes in 2012 were no longer available 
from the U.S. Census Bureau. Two types of companies recycle 
this material —companies that produce acid for consumption in 
their own operations and also recycle their own spent acid and 
companies that provide acid regeneration services to sulfuric 
acid users. The petroleum refining industry was thought to be 
the leading source and consumer of recycled acid for use in its 
alkylation process. 


Stocks 


Yearend inventories held by recovered elemental sulfur 
producers decreased to 132,000 t, 25% less than those of 2011 
(table 1). Based on apparent consumption of all forms of sulfur, 
combined yearend stocks amounted to about a 4-day supply, 
which compares with a 5-day supply in 2011. Final stocks 
in 2012 represented 296 of the quantity held in inventories 
at the end of 1976, when sulfur stocks peaked at 5.65 Mt, a 
7.4-month supply at that time (Shelton, 1980, p. 877). When 
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the United States mined large quantities of sulfur, as in 1976, 
mining companies had the capacity to store large quantities. 
When mining ceased in 2000, storage capacity declined 
significantly. Since that time, stocks have been relatively 
low because recovered sulfur producers have minimal 
storage capacity. 


Prices 


Weaker demand for sulfur during 2012 resulted in lower 
prices than those of 2011. On the basis of value data reported to 
the USGS, the average unit value of shipments for all elemental 
sulfur was estimated to be $123.54 per metric ton, which was 
23% less than that of 2011. The decreased unit value reported 
by producers correlated with the trends in prices recorded in 
trade publications. 

Contract prices for elemental sulfur at terminals in Tampa, 
FL, which are reported weekly in Green Markets, began the year 
at $220 per ton. In February, prices decreased to $172 per ton. 
In May, prices increased to $180 per ton but decreased to 
$160 per ton by yearend. 

Prices vary greatly on a regional basis. Tampa prices were 
usually the highest reported in the United States because of the 
large demand for sulfur in the central Florida area. At yearend, 
U.S. west coast prices ranged from $150 per ton to $155 per ton. 
Nearly all the sulfur produced in some regions, such as the west 
coast, was processed at forming plants, incurring substantial 
costs to make solid sulfur in acceptable forms to be shipped 
overseas. The majority of west coast sulfur was shipped 
overseas. World sulfur prices generally were higher than 
domestic prices in 2012. 

Even though prices vary by location, provider, and type, the 
Abu Dhabi National Oil Co.'s (ADNOC) price is recognized as 
an indicator of world sulfur price trends. In 2012, the ADNOC 
contract price averaged about $190 per ton, with the lowest 
price of $165 per ton in December and the highest price of 
$215 per ton in June (Fertilizer Week, 2013). 


Foreign Trade 


Strong world demand during much of the year resulted 
in exports from the United States, including the U.S. Virgin 
Islands, increasing by about 41% in quantity and increasing 
by 289^ in overall value compared with those of 2011. The 
average unit value of export material was $198 per ton, a slight 
decrease from $203 in 2011 (table 7). The leading destination 
for this material was Brazil, followed by, in descending quantity, 
Mexico, Chile, and China. Export facilities on the Gulf Coast 
that began shipping in 2006 have become a significant source 
for exported sulfur. Exports from the west coast were 1.0 Mt, 
or 5694 of total U.S. exports. Exports from the Gulf Coast were 
750,000 t, or 40% of the U.S. total. 

The United States continued to be a net importer of sulfur. 
Imports of elemental sulfur exceeded exports by about 
1.0 Mt. Recovered elemental sulfur from Canada, Mexico, 
and Venezuela delivered to U.S. terminals and consumers in 
the liquid phase furnished almost 100% of U.S. sulfur import 
requirements. Total elemental sulfur imports in 2012 were 
10% less than those of 2011, and lower prices for imported 
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material resulted in the value being about 21% less than that 

of 2011. Imports from Canada, mostly by rail, were estimated 
to be 10% less than those of 2011, waterborne shipments 

from Mexico were 21% higher, and waterborne imports from 
Venezuela were estimated to have increased by 16%. Canada 
was the source of an estimated 83% of elemental sulfur imports, 
and Mexico supplied 13% (table 9). 

In addition to elemental sulfur, the United States trades in 
sulfuric acid. Sulfuric acid exports were 52% lower than those 
of 2011 (table 8). Acid imports were about 18 times greater 
than exports (tables 1, 10). Canada and Mexico were the 
sources of 86% of sulfuric acid imported into the United States, 
most of which was probably byproduct acid from smelters. 
Shipments from Canada and some from Mexico came by rail, 
and the remainder of imports came primarily by ship from Asia 
and Europe. The tonnage of sulfuric acid imports was about 
7% greater than that of 2011, and the value of imported sulfuric 
acid decreased by about 8%. 


World Review 


The world sulfur industry remained divided into two 
sectors— discretionary and nondiscretionary. In the discretionary 
sector, the mining of sulfur or pyrites is the sole objective; this 
voluntary production of either sulfur or pyrites (mostly naturally 
occurring iron sulfide) is based on the orderly mining of discrete 
deposits, with the objective of obtaining as nearly a complete 
recovery of the resource as economic conditions permit. In the 
nondiscretionary sector, sulfur or sulfuric acid is recovered as 
an involuntary byproduct; the quantity of output is subject to 
demand for the primary product and environmental regulations 
that limit atmospheric emissions of sulfur compounds 
irrespective of sulfur demand. Discretionary sources, once the 
primary sources of sulfur in all forms, represented 9% of the 
sulfur produced in all forms worldwide in 2012 (table 11). 

Poland was the only country that produced more than 
600,000 t of native sulfur by using either the Frasch process or 
conventional mining methods (table 11). The Frasch process 1s 
the term for hot-water mining of native sulfur associated with 
the caprock of salt domes and in sedimentary deposits; in this 
mining method, the native sulfur is melted underground with 
superheated water and brought to the surface by compressed 
air. The United States, where the Frasch process was developed 
early in the 20th century, was the leading producer of Frasch 
sulfur until 2000. Small quantities of native sulfur were 
produced in Asia, Europe, and South America. The importance 
of pyrites to the world sulfur supply has significantly decreased; 
China was the only country among the top producers whose 
primary sulfur source was pyrites. China accounted for 90% of 
world pyrite production. 

Of the 15 countries listed in table 11 that produced more than 
1 Mt of sulfur, 13 obtained the majority of their production 
as recovered elemental sulfur. These 15 countries produced 
83% of the total sulfur produced worldwide. In 2012, about 
32 Mt of elemental sulfur was traded globally. The leading 
exporters were, in decreasing order of tonnage, Canada, Russia, 
Kazakhstan, Saudi Arabia, the United Arab Emirates, Qatar, 
the United States, Iran, and Japan, all with more than 1 Mt of 
exports. The leading importer was China, by far, followed by, in 
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decreasing order of tonnage, the United States, Morocco, India, 
Russia, Brazil, Mexico and Tunisia (International Fertilizer 
Industry Association, 20132). 

In 2012, sulfur consumption exceeded global production, even 
with lower demand in the phosphate fertilizer and industrial 
sectors. As a result, stocks in Canada and Kazakhstan were 
used to meet global needs (Prud'homme, 2012, p. 40). Prices 
were highest at the beginning of 2012 and decreased toward 
the end of 2012. International prices for 2012 averaged higher 
than those in the United States. Sulfur imports decreased in 
most of the main sulfur consuming countries, except China, 
which was the world's largest importer in 2012, with about 
30% of the total. 

Native sulfur production, including production of Frasch 
sulfur at Poland's last operating mine, was about 5% higher 
than that of 2011. Recovered elemental sulfur production 
and byproduct sulfuric acid production were about the same 
compared with those of 2011. Globally, production of sulfur 
from pyrites increased slightly. Pyrites are a less attractive 
alternative to elemental sulfur for sulfuric acid production. 
The environmental remediation costs of mining pyrites are 
onerous, and additional costs are incurred when using this less 
environmentally friendly raw material to produce sulfuric acid. 

Canada.—Ranked fourth in the world in sulfur production, 
Canada was the leading sulfur and sulfuric acid exporter. In 
2012, sulfur production in Canada was 596 lower than it was 
in 2011. About two-thirds of Canada's sulfur was recovered 
at natural gas and oil sands operations in Alberta, with some 
recovered from natural gas in British Columbia and from oil 
refineries in other parts of the country. Sulfur production from 
natural gas processing declined 1676 in 2012, and production 
from oil sands was about 1194 higher in 2012 than in 2011 
(Stone, 2014). 

Canada's sulfur production was expected to remain stable 
over the medium term and may increase during the long term 
as a result of expanded oil sands production. Sulfur production 
from natural gas was expected to decline as natural gas reserves 
decrease. Exploration for conventional natural gas came (0 4 | 
halt in 2012. Production from oil sands operations was expecte 
to overtake natural gas processing, and sulfur recovered | 
from petroleum refineries was expected to remain sop j 
stable. Canada was likely to remain a leader in world sullur — 
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extremely difficult and expensive. The lack of railway access 
is a major obstacle in the shipment of sulfur from oil sands 
production sites (Stone, 2014). 

In June 2012, Sulphur in Diesel Fuel Regulations were 
amended by Environment Canada to establish maximum 
limits for sulfur in diesel fuel for use on-road, off-road, in rail 
(locomotive), vessels, and stationary engines. These limits 
applied to the production, imports, and sale of diesel fuel in 
Canada (Environment Canada, 2012). 

Imperial Oil Ltd. revived its plan to complete a Can$2 
billion expansion project of its Cold Lake oil sands operation 
in northeastern Alberta. The project would increase bitumen 
(a heavy black viscous oil) production by more than 
40,000 bbl/d and was scheduled to be completed by yearend 
2014 (Sulphur, 20122). 

China.—China was the leading producer of sulfur in all 
forms. It also was the world's leading producer of pyrites, with 
about 55% of its sulfur in all forms coming from that source. 
The country was the leading sulfur importer, with 11.1 Mt 
(International Fertilizer Industry Association, 20132). Imports 
represented about 70% of elemental sulfur consumption in 
China, with the Middle East as the leading source of the imports, 
followed by Kazakhstan. Fertilizer production consumed about 
two-thirds of the sulfuric acid used in China. 

In December 2012, the Chinese Government released its 
2013 export tariff rates for phosphate fertilizers to discourage 
exports during periods of high domestic demand. The base rate 
of the low-tariff window (May 16 to October 15) was reduced 
to 5% from 796, and the benchmark price was increased by 
about 3% for diammonium phosphate and reduced by about 
9% for monoammonium phosphate. The tax rate for phosphate 
fertilizers during high-season would be lowered to 8096 
from 110% during January | to May 15 and October 16 to 
December 31 (Fertilizer Week, 2012). 

Venezuela.—Global Engineering and Construction Group was 
awarded a contract by PdVSA Petróleo S.A. for the engineering, 
procurement, and construction management for the El Palito 
Refinery Expansion Project, near Puerto Cabello. The expansion 
would double the refinery's capacity to 280,000 bbl/d, include a 
250-metric-ton-per-day sulfur recovery/tail gas treatment unit, 
and was expected to be completed by 2016 (Sulphur, 20124). 

Wilson Engineering, of China, and Republic of Korea's 
Hyundai Engineering were awarded a refinery engineering, 
procurement, and construction contract by PdVSA for 
expanding and upgrading the Puerto la Cruz refinery, near 
Barcelona. The upgrade would allow the refinery to process 
210,000 bbl/d of extra-heavy Orinco crude, and was expected to 
be operational by 2016. The sulfur recovery would increase by 
about 200,000 t/yr (Sulphur, 20128). 


Outlook 


Since 2000, recovered sulfur production in the United States 
has been relatively stable, averaging about 8.5 Mt/yr, but 
increases are expected in upcoming years as expansions, 
upgrades, and new facilities at existing refineries are completed. 
The expansions would enable refiners to increase throughput 
of crude oil and to process higher sulfur crude oils; additional 
sulfur production would be a result of refinery upgrades. 
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Projects that had been announced before or during 2012 

have the potential to add sulfur recovery capacity of about 
830,000 t/yr by 2014, if all are completed on proposed schedules 
(Sulphur, 2013). Production from natural gas operations is 
expected to increase from that of 2012 as more natural gas 

is recovered from shale formations, horizontal drilling, and 
hydraulic fracturing. More efficient, cost-effective drilling 
techniques, primarily in shale formations, are likely to spur 
development in U.S. natural gas production (U.S. Energy 
Information Administration, 2013b). 

Worldwide recovered sulfur output is also expected to 
increase. In 2011 and 2012, production of sulfur was not enough 
to meet demand, but supply and demand are expected to be 
in balance in 2013 and 2014. Sulfur surpluses are expected in 
2015, increasing thereafter as a result of increased production, 
especially from oil sands in Canada, from heavy-oil processors 
in Venezuela, and from eastern Europe, central Asia, and west 
Asia (primarily the countries of the United Arab Emirates, 
Saudi Arabia, and Turkmenistan) (Prud'homme, 2013). 

Production increases are expected to come from increased 
sulfur recovery from natural gas in Russia, improved sulfur 
recovery at oil refineries, and new development of sour gas 
deposits in Asia. Refineries in developing countries are expected 
to improve environmental protection measures and, in the 
future, eventually approach the environmental standards of 
plants in Japan, North America, and Western Europe. Higher 
sulfur recovery likely will result from a number of factors, 
including higher refining rates, higher sulfur content in crude 
oil, lower allowable sulfur content in finished fuels, and reduced 
sulfur emissions mandated by regulations. 

World consumption of natural gas is expected to maintain 
strong growth, and sulfur recovery from that sector likely will 
continue to increase. Natural gas continued to be the fuel of 
choice in many regions of the world in the electric power and 
industrial sectors, in part because of its lower carbon intensity 
compared with coal and oil, which makes it an attractive fuel 
source in countries where governments are implementing 
policies to reduce greenhouse gas emissions. Some future gas 
production is expected to come from unconventional natural 
gas resources such as tight gas, shale gas, and coalbed methane 
(U.S. Energy Administration, 20132). Use of unconventional 
natural gas sources in some areas of the world may affect the 
sulfur supply outlook for the future because these sources tend 
to have lower sulfur content. However, increased sulfur from 
sour gas processing in China, central Asia, and the Middle East 
is projected to more than compensate for the decrease in sulfur 
resulting from unconventional natural gas sources. 

Domestic byproduct sulfuric acid production may fluctuate 
somewhat as the copper industry reacts to market conditions 
and varying prices by adjusting output at operating smelters. 
Worldwide, the outlook for byproduct acid was more 
predictable. Because copper production costs in some countries 
are lower than in the United States, acid production from 
those countries has increased, and continued increases are 
likely. Many copper producers have installed more efficient 
sulfuric acid plants to limit sulfur dioxide emissions at new and 
existing smelters. Worldwide, sulfur emissions at nonferrous 
smelters declined as a result of improved sulfur recovery; 
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increased byproduct acid production is likely to become more a 
function of metal demand than a function of improved recovery 
technology. Smelter acid production in the United States has 
decreased by 43% since 2000; during the same period, Chinese 
smelter acid production has more than tripled. Additional 
smelter capacity is expected in Brazil, India, Russia, and 
Zambia. Increased byproduct sulfuric acid product is expected 
to add another 6 to 7 Mt/yr of sulfur during the next 5 years 
(Sulphur, 2012b). 

Frasch sulfur and pyrites production, however, has little 
chance of significant long-term increases. In 2012, Frasch 
sulfur production increased by 396 from that of 2011. Because 
of the continued increases in elemental sulfur recovery and 
byproduct sulfuric acid production for environmental reasons, 
discretionary sulfur has become increasingly less important 
as demonstrated by the lack of expansion in the Frasch sulfur 
industry. The Frasch process has become the high-cost process 
for sulfur production and any new projects would require sulfur 
prices to increase enough to justify the initial investment. 
Pyrites, with significant direct production costs, are an even 
higher cost raw material for sulfuric acid production when the 
environmental aspects are considered. Discretionary sulfur 
output is likely to continue a steady decline. The decrease 
likely will be pronounced when large operations are closed for 
economic reasons, as was the case in 2000 and 2001. 

For the long term, sulfur and sulfuric acid likely will continue 
to be important in agricultural and industrial applications. 
Because sulfuric acid consumption for phosphate fertilizer 
production is expected to increase at a lower rate than for some 
other uses, phosphate fertilizer may become less dominant, but 
is expected to remain the leading end use. Ore leaching likely 
will be the largest area of sulfur consumption growth. Copper 
and nickel leaching are the major consumers of sulfuric acid, 
but uranium leaching is increasing as the demand increases for 
nuclear power (Sulphur, 2011). | 

From year to year, however, the use of sulfur directly Or 
in compounds such as fertilizer likely will continue to be 
dependent on agricultural economies and vary according to 
economic conditions. If widespread use of plant nutrient sulfur 
is adopted, then sulfur consumption in that application could 
increase significantly; thus far, however, growth has been 
slow. Major expansions of phosphate fertilizer production 
are expected at facilities in China, Morocco, and Saudi 
Arabia (Heffer and Prud'homme, 2013). Overall, one-half of 
all sulfur consumption (in all forms) is used for phosphate 
fertilizer production. | 

Less traditional uses for elemental sulfur have not increased. 
In the 1970s and 1980s, research showed the effectiveness of 
sulfur in several construction uses that held the promise of 
consuming huge quantities of sulfur in sulfur-extended asphalt 
and sulfur concretes. In many instances, these materials were 
found to be superior to the more conventional products, but their 
use so far has been very limited. Concrete made with sulfur is 
more resistant to acid and saltwater; the manufacturing process 
lowers carbon dioxide (CO,) emissions and does not require 
water to manufacture. However, when sulfur prices are high, 
sulfur is less attractive for unconventional applications where 
low-cost raw materials are an important factor. 
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In the near term, increased global production and continued 
demand will keep the sulfur market balanced. This is expected 
to be followed in the long term by a surplus worldwide. 
International sulfur trade is expected to increase significantly, 
driven by demand for sulfuric acid in industrial sectors 


(particularly new ore leaching operations) and a modest increase 
in demand for fertilizers. 
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TABLE 1 
SALIENT SULFUR STATISTICS! 


(Thousand metric tons of sulfur content and thousand dollars unless otherwise specified) | 


2008 2009 2010 2011 2012 
United States: 
Quantity: 
Production: | 
ПЕ: ee = 8,550 8,190 8,320 € 8,230 8,410 
Other Qu. NNNM NM NE MR А 
Total® 9,300 8,940 9,110" 8,950 9,000 
Shipments: | 
Recovered” 8,530 8,110 8,380 ' 8.210 8.450 
Other EE NEN DUE NEM CE 3 
Total 9,280 8,860 9,170 ' 8,930 9,030 
Exports: | 
Elemental’ 953 1,430 1,450 1,310 1,850 | 
Sulfuric acid 86 83 71 109 53 
Imports: 
Elemental" 3,000 1,700 2,950 3,270 2,030 
Sulfuric acid 1,690 413 690 872' 933 
^ Comumpionalfoms — 0 011 12900 9460 11,300 11,700 11,000 | 
Stocks, December 31, producer, recovered 208 231 166 175 132 
Value: PASS 
Shipments, free on board (f.o.b.) mine or plant: 
Recovered *? 2,250,000 14,000 587,000 1,310,000 — 1,040,000 * 
unc пина уе a eee A 87,500 92,400 113,000 109,000 
Total 2,360,000 101,000 679,000 1,430,000" 1,150,000 
Ww М НГ NS 272,000 82200 171,000 266,000 366,000 
—mpotseemena O 153,000 54,100 214,000 301,000 238,000 
Price, elemental, f.o.b. mine or plant á dollars per metric ton 264.04 1.73 70.16 159.88 ' 123.54 . 
World, production, all forms (including pyrites) ______________66900" _ 67,80" _ 68400' 69300! бы _ 


World, production, all forms (including рупе» ССС 


*Estimated. ‘Revised. 

ага are rounded to no more than three significant digits except prices; may not add to totals shown. 
?Includes U.S. Virgin Islands. 

Includes exports from the U.S. Virgin Islands to foreign countries. 

4Calculated as shipments minus exports plus imports. 

5includes value of exports from the U.S. Virgin Islands to foreign countries. 
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TABLE 2 
RECOVERED SULFUR PRODUCED AND SHIPPED IN THE UNITED STATES, BY STATE! 


(Thousand metric tons and thousand dollars) 


2011 2012 
Shipments Shipments 

State Production Quantity Value^ Production Quantity Value" 
Alabama 297 298 55,400 272 274 37,600 
California 999 ' 997 ' 142,000 ' 1,040 1,040 154,000 
Illinois 495 495 81,100 593 592 77,100 
Louisiana 1,480 1,480 220,000 1,360 1,360 180,000 
New Mexico 21 21 3,880 19 18 2,220 
Ohio 136 137 27,000 130 131 20,400 
Texas 2,900 ' 2,890 ' 470,000 3,190 3,180 377,000 
Washington | 127 127 17,000 165 165 17,900 
Wyoming 647 649 121,000 591 589 32,100 
Other? 1,120 ' 1,110" 175,000 ' 1,050 1,110 144,000 
_ Total |. 8,230 8,210 1,310,000 8,410 8,450 1,040,000 


*Estimated. "Revised. 
! Data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes Arkansas, Colorado, Delaware, Florida, Indiana, Kansas, Kentucky, Michigan, Minnesota, Mississippi, Montana, New Jersey, 
North Dakota, Pennsylvania, Utah, Virginia, Wisconsin, and the U.S. Virgin Islands. 


TABLE 3 
RECOVERED SULFUR PRODUCED AND SHIPPED IN THE UNITED STATES, 
BY PETROLEUM ADMINISTRATION FOR DEFENSE (PAD) DISTRICT! 


(Thousand metric tons) 


2011 2012 
District and source Production Shipments Production Shipments 
PAD 1: m 
Petroleum and coke 66 61 132 136 
Natural gas 13 13 13 13 
Total 79 74 145 150 
PAD p» 
Petroleum and coke 1,020 1,030 1,080 1,080 
Natural gas 21 21 18 18 
Total 1,040 1,050 1,100 1,100 
PAD 37 | 
, Petroleum and coke 4,750 " 4,710 ' 4,880 4,920 
Natural gas А 475 ' 476 ' 446 426 
Total mM 5.220 5,190 5,320 5,350 
PAD 4 and 5: | 
Petroleum and соке 1,260 1,260 1,280 1,290 
_ Natural gas | 630 632 562 560 
Total | uu ШИИ _ 1,890 1,890 1,840 1,850 
_ Сапфа о с 8,230 8,210 8,410 8,450 
ОГ which: | oe 
Petroleum and coke — 7,090 ' 7,060 ' 7,370 7,430 
= Naturalgas —— 557 1,140" 1,140 ' 1,040 1,020 
"Revised. i | 


! Data are rounded to no more than three significant digits; may not add to totals shown. 
Includes the U.S. Virgin Islands. 
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ТАВГЕ 4 


BYPRODUCT SULFURIC ACID PRODUCED IN THE UNITED STATES! 


(Thousand metric tons of sulfur content and thousand dollars) 


2011 
679 
41 


2012 
545 
41 


Type of plant 
Copper? 
Zinc, lead, and molybdenum? 
Total: 
Quantity 
Value 


720 
113,000 


586 
109,000 


2 = WHINE > =з es KM is 
1 Е А 2 s 
May include acid produced from imported raw materials. Data are rounded to no more than 


three significant digits, may not add to totals shown. 
?Excludes acid made from pyrites concentrates. 
?Excludes acid made from native sulfur. 


TABLE 5 


CONSUMPTION OF SULFUR IN THE UNITED STATES BY TYPE! 


(Thousand metric tons of sulfur content) 


По овај © па Ло цњанне ыта сы ee 


Туре 
Elemental sulfur: 


Shipments” 


uu onu P oo NE 


Exports 


ELS ou ЛИВ Ни 


Imports" 


_ Si у ———— 


Тога! 
Byproduct sulfuric acid: 
Shipments 


АИ ти 


Exports" 


ы DAPO Ао 


Imports” 


ES ne 


Total 
Grand total 


А SUMA ee м —————— 


*Estimated. 


!Crude sulfur or sulfur content. Data are rounded to no more than three 
significant digits; may not add to totals shown. Consumption is calculated as 


shipments minus exports plus imports. 
?Includes the U.S. Virgin Islands. 
ЗМау include sulfuric acid other than byproduct. 
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2011 2012. 
8,210 8,450 
1,310 1,850 
3,270 2,930 

10,200 9,520 

720 586 

109 53 

872 933 

^ 1,480 1,470 
11,700 1 11000 


(Thousand metric tons of sulfur content) 


TABLE 6 
SULFUR AND SULFURIC ACID SOLD OR USED IN THE UNITED STATES, BY END USE! 


SIC! 
102 
1094 
10 
26, 261 
28, 285, 
286, 2816 


281 
282, 2822 


2823 
284 
286 
2873 
2874 
2879 
287 
2892 
2899 
28 
29, 29] 


331 
33 
3691 


End use 
Copper ores 
Uranium and vanadium ores 
Other ores 


Pulp mills and paper products 

Inorganic pigments, paints, and allied 
products; industrial organic chemicals; 
other chemical products 

Other inorganic chemicals 

Synthetic rubber and other plastic 
materials and synthetics 

Cellulosic fibers including rayon 

Soaps and detergents 

Industrial organic chemicals 

Nitrogenous fertilizers 

Phosphatic fertilizers 

Pesticides 

Other agricultural chemicals 

Explosives 

Water-treating compounds 

Other chemical products 

Petroleum refining and other petroleum 
and coal products 

Steel pickling 

Other primary metals 

Storage batteries (acid) 

Exported sulfuric acid 
Total identified 

Unidentified 
Grand total 


Elemental sulfur? 


2011 


3,650 
282 
3,940 


2012 


3,700 
372 
4,070 


"Revised. W Withheld to avoid disclosing company proprietary data; included with “Unidentified.” — Zero. 
Раға are rounded to no more than three significant digits; may not add to totals shown. 
?Does not include elemental sulfur used for production of sulfuric acid. 
*Standard industrial classification. 


*No elemental sulfur was used in inorganic pigments, paints, and allied products. 
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Sulfuric acid 

(sulfur equivalent) 
2011 2012 
410 420 
3 7 
77 77 
168 168 
118 107 
75 76 
70 70 
2 2 
43 37 
163 163 
5,740 5,420 
5 8 
38 42 
11 11 
38 36 
74 69 
422 423 
11 11 
21 21 
2 73 
7,500 7,250 
149 165 
7,650 7,410 


Total 
2011 
410 


11,100 
431 
11,600 


2012 
420 


37 
163 
5,420 
8 
1,670 
11 

36 

69 


73 
10,900 
537 
11,500 
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ТАВТЕ 7 
U.S. EXPORTS OF ELEMENTAL SULFUR, BY COUNTRY! 


(Thousand metric tons and thousand dollars) 


Ea o o -—— OO A EE 


bolo. o — A OE 


Gees os NER MEE e e 
2011 2012 
Country Quantity : Value Quantity Value 
Brazil 594 106,000 * 749 129,000 
Canada 71 16,100 33 12,200 
Chile 44 7,190 235 35,200 
China 62 26,500 162 41,700 
Mexico 277 55,200 445 76,300 
New Caledonia 83 16,300 -- -- 
Other 178 39,100" 225 72,000 
Total 1,310 266,000 1,850 366,000 


"Revised. -- Zero. 


' Includes exports from the U.S. Virgin Islands. Data are rounded to no more than three 
significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 


TABLE 8 
U.S. EXPORTS OF SULFURIC ACID (100% H;SO,), BY COUNTRY' 


2011 2012 
Quantity Value Quantity Value 
Country (metric tons) (thousands) (metric tons) (thousands) 
Canada 238,000 $21,000 114,000 $14,400 
China 2,900 579 1,890 352 
Dominican Republic 2,690 502 2,930 473 
India 1,050 120 4 6 
Israel 952 1,050 3,630 4,910 
Jamaica 1,580 298 6,630 1,120 
Kazakhstan o 1,430 177 3,080 351 
Latvia 7,470 1,310 ~“ а 
Mexico ______- 0 5.300 1,440 5.060 1,390 
Morocco o o 1,010 115 д -- 
Netherlands — — — č o čŻć 2,000 260 325 48 
Philippines — — à M. 6,100 897 3,430 616 
Singapore o 9,730 1,720 1,650 1,610 
St. Maarten 3,700 54] 3,430 634 
Trinidad and Tobago — — 6,360 4,220 4,730 2,780 
United Kingdom 1.250 205 178 78 
Venezuela ____________. 34,800 5,040 596 TA 
so ___ 60% 200 $880 м 
Total 332,000 41,500 161,000 33,000 
-- Zero. 


1 
Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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ТАВГЕ 9 
U.S. IMPORTS OF ELEMENTAL SULFUR, BY COUNTRY' 


(Thousand metric tons and thousand dollars) 


2011 2012 
Country Quantity Value Quantity Value 
Canada 2,700 * 188,000 2,440 * 163,000 
Mexico 303 54,500 366 56,000 
Venezuela 99 16,400 115 14,200 
Other 168 42,700 6 4,600 
Total 3,270 * 301,000 2,930 * 238,000 


“Estimated. 

1 р re 

Data are rounded to no more than three significant digits; may not add to totals shown. 
Declared customs valuation. 


Source: U.S. Census Bureau and ICIS PentaSul North American Sulphur Service; data adjusted 
by the U.S. Geological Survey. 


TABLE 10 
U.S. IMPORTS OF SULFURIC ACID (100% H2504), ВУ COUNTRY’ 


ata oo aea ee сш шыш ш ш SS ш з MS D CO ESS ин“ 
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Country 

Australia 
Bulgaria 
Canada 
China 
Germany 
Japan 
Korea, Republic of 
Mexico 
Poland 
Saudi Arabia 
Spain 
Sweden 
Switzerland 
Taiwan 
Venezuela 
Other 

Total 
-- Zero. 


2011 

Quantity Value? ? 
(metric tons) (thousands) 
17,800 $2,480 
18,900 1,950 
1,820,000 167,000 
15,600 976 
93,500 10,700 
94 81 
56,000 7,800 
434,000 30,400 
77,700 10,600 
4,590 3,300 
72,100 8,560 
18,100 1,940 
15,100 2,250 
2,980 1,380 
13,400 9,330 
2,690 1,770 
2,670,000 261,000 


2012 

Quantity Value 
(metric tons) (thousands) 
] (4) 
1,980,000 $155,000 
1,020 928 
100,000 7,740 
18,500 982 
470,000 33,700 
111,000 9,370 
4,570 3,550 
55,800 8,630 
52,800 2,980 
29,100 2,120 
1,010 1,100 
14,900 10,600 
19,800 2,190 
2,860,000 239,000 


!Data are rounded to no more than three significant digits; may not add to totals shown. 
Declared cost, insurance, and freight paid by shipper valuation. 
May include revisions to previously published data. 


41 ess than 2 unit. 


Source: U.S. Census Bureau. 
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ТАВТЕ 11 
SULFUR: WORLD PRODUCTION IN ALL FORMS, BY COUNTRY AND SOURCE"? 


(Thousand metric tons) 


Country and source” 2008 2009 2010 2011 2012 
Australia, ђургодис! 
Metallurgy 880 870 800 ' 800 ' 800 
Petroleum 60 ' 60 60 60 60 
Тога! 940 ' 930 860 ' 860 ' 860 
Brazil: 
Byproduct: 
Metallurgy 322 322 322 322 ° 322 * 
Petroleum 136 136 136 136 136 “ 
Frasch* 22 22 22 22 22 
Total 480 480 480 480 480 
Canada, byproduct: | 
Metallurgy 1,148 890 900 * 609 638 P 
Natural gas, petroleum, oil sands 7,008 6,571 6,355 5,914 5,545 Р 
Total 8,156 7,467 7,260 * 6,523 6,183 " 
Chile, byproduct, metallurgy 1,586 1,658 1,686 1,723 1,681 
China: 
Byproduct, all sources 3,350 4,000 4,100 3,300 ' 3,300 
Elemental 960 1,000 1,100 1,100 1,200 
Pyrites 4,300 4,370 4,400 5,300 € 5,400 
Тога! 8,610 9,370 9,600 9,700 9,900 
Finland 
Byproduct: 
Metallurgy 331° 2:74: ја 280 ' 280 
Petroleum 117* О? 1287 133: 130 
Pyrites 226 ' 154° 150 ' 338 ' 330 
Total 674 ' 555" 550 ' 751" 740 


France, natural gas and petroleum: 650 ' 650 ' 650 ' 650 


650 ' 


funny bp ___-_-- а 


Metallurgy 2,458 2,137 2,266 2,394 2,373 
Natural gas and petroleum E ЖИ =. 
Total 4,167 3,760 3,713 3,908 3,818 
India: 
EIOS MEMO TE 
. Metallurgy (from fertilizer plant) — — 00 — 1,000 ' 1,000 ' 1,000 ' 1,000 ' 1,000 
Natural gas and petroleum 1,400 € 1,400 ' 1,400 € 1,400 * 1,400 
ЖОЙ г жое CREE ES 2.430 ' 2,430 ' 2,430 ' рН, нын 
а 
к НЕЕ 70 70 80 80 > 
а eee а Са 1,570 1,570 1,780 ТВ. 
(CR е E LLL Y а НИНА 
aR Ee ee XS 90 90 90 90 90 
а сэз Ох о ee С =& 650 650 650 650 _650 
Meo а >= „Б м<. Сы ыш = 740 740 740 740 740 
Japan, byproducts __"___ 
Metallurgy 1,300 1,350 1,400 1.450 ' 1,500 
Petroleum 2,034 1,864 1,892 1,755 ' 1,747 _. 
c: ATTE MENOR 3,334 3,214 3,292 СТЕ 186 
Kazakhstan, ђургодис! 
Metallurgy 300 300 300 300 300 
Natural gas and petroleum 1,7133.° 2,200 2,400 2,400 2,400 
Tot) 2,030 2,500 2,700 2,700 2,700 


See footnotes at end of table. 
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TABLE 11—Сопипцед 
SULFUR: WORLD PRODUCTION IN ALL FORMS, ВУ COUNTRY AND SOURCE"? 


(Thousand metric tons) 


a I I Immm 


ÉA OO a ee a A E DRE E 


Country and source" * 2008 2009 2010 2011 2012 
Korea, Republic of, Ђургодис!:“ 
Metallurgy 660 600 480 480 480 
Petroleum 900 ' 900 ' 720 ' 720 ' 720 
Total 1,560 ' 1,500 * 1,200 ' 1,200 ' 1,200 
Kuwait, byproduct, petroleum" 830 800 820 830 800 
Mexico, byproduct: 
Metallurgy 700 700 800 ' 800 ' 800 
Natural gas and petroleum 1,041 1,114 ? 992 5 959 5 1,010 
Тога! 1,740 1,810 1,790 € 1,760 ' 1,810 
Netherlands, бургодис!:“ 
Мега игру 115 ' 115" 115" 115° 115 
Petroleum 400 400 400 400 400 
Total 515° 515 ' 515° 515° 515 
Poland: 
Byproduct: 
Metallurgy 294 257 253 € 250 ' 250 * 
Natural gas 215 25? 25' 25 25 
Petroleum 201 190 225' 200 200 * 
Unspecified* UH 1 1 1" 1 
Frasch 762 263 517 657 ' 677 
Total* 1,280 740 1,020 ' 1,130" 1,150 
Qatar, byproduct, natural gas” 600 ' 658 ? 850 ' 850 ' 820 
Russia:”* 
Byproduct: 
Metallurgy 100 " 100 " 100 ' 200 ' 300 
Natural gas 6,100 6,000 6,000 6,000 * 6,000 
Native 50 50 50 50 50 
Pyrites 200 200 200 200 200 
Total 6,450 ' 6,350 ' 6,350 ' 6,450 ' 6,550 
Saudi Arabia, byproduct, all sources 3,163 3,214 ' 3,200 * 4,579 € 4,092 
South Africa: 
Byproduct: 
Metallurgy, copper, platinum, zinc plants 188 185 141 ' 174 ' 133 * 
Petroleum 323 291 205 ' 163 " 124 * 
Pyrites, S content, from gold mines o NE EE NON ЕЕ 
Total 571 536 376 € 336 ' 257 * 


25 


Spain, Бургойисі: mut 
Coal, lignite, gasification 


Metallurgy 500 536 ' 539^ 539 ' 540 
 Metllrgy __(6_6_ ______________-_- 
Petroleum 136 ô 136 ° 136 ' 136 ' 140 
Petroleum м 
Тога] 637 673 ' 676 ' 676" 681 
United Arab Emirates, byproduct, natural gas and petroleum _ 2,175 2,175 * 1,829 ' 1,885 ' 1,900 © 
United States, byproduct: 
Metallurgy 753 749 791 720 586 
Metallurgy. а Loose 
Natural gas 1,300 1,220 1,170 1,140 ' 1,040 
Natural gas аа | 
Petroleum 7,240 6,970 7,150 ' 7,090 7,370 
Total mE 9,300 8,940 9,110 ' 8,950 9,000 
Uzbekistan byproduct" — — 
Metallurgy 170 170 170 170 170 
M ыы ы 54] 
Natural gas and petroleum 350 _ 350 350 350 370 
Тога! 520 520 520 520 540 
Е M ОНО MEM NO SCRI IE eee Бүр ез r E 
Venezuela, byproduct, natural gas and petroleum" 710 i 570 ' 800 800 800 
See footnotes at end of table. 
SULFUR—2012 74.15 
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TABLE 11—Continued 
SULFUR: WORLD PRODUCTION IN ALL FORMS, BY COUNTRY AND SOURCE"? 


(Thousand metric tons) 


Country and source"? 


2008 


2009 


2010 


2011 2012 
Other total 3,480 ' 3,500 ' 3,560 ' 3,390 " 3,650 
Of which: 
Byproduct: 
Metallurgy 829 € 969 ' 1,060 € 909 " 990 
Natural gas, petroleum, oil sands, undifferentiated 411° 412° 409 T 340 ' 466 
Petroleum 799 ' 768 * 789 ' 842 ' 881 
Of which: 
Native" 469 ' 458 ' 470 ' 469 ' 465 
Pyrites 163 ' 74 ' 34° 35 ' 32 
Unspecified 810 ' 820 ' 797 * 792 ' 814 
Grand total 68,900 ' 67,800 ' 68,400 ' 69,300 * 69,100 
Of which: 
Byproduct: 
Coal, lignite, gasification? 1 1 | 1 | 
Metallurgy 13,800 ' 13,300 ' 13,600 ' 13,400 ' 13,400 
Natural gas 8,030 " 7,900 8,040 ' 8,010" 7,880 
Natural gas, petroleum, oil sands, undifferentiated 18,700 18,600 ' 18,300 ' 17,900 17,800 
Petroleum 13,800 * 13,300 : 13,300 13,100 ' 13,400 
Frasch 784 € 285 ' 539 т 680 ' 699 
Е de 1,480 ' 1,510" 1,620 ' 1,620" 1,720 
WE ЕТ 4,980 ' 4,890 ' 4,850 ' 5,900 ' 5,990 
Unspecified 1,320." 8,030 € 8,100 ' 8,670 ' 8,210 — 


"Estimated. "Preliminary. ‘Revised. -- Zero. 


! Grand total, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


?Includes data available through October 14, 2014. 


3The term “source” reflects the means of collecting sulfur and the type of raw material. Sources listed include the following: Frasch 


recovery; native comprising all production of elemental sulfur by traditional mining methods (thereby excluding Frasch); pyrites 
(whether or not the sulfur is recovered in the elemental form or as acid); byproduct recovery, 


either as elemental sulfur or as sulfur 


compounds from coal gasification, metallurgical operations including associated coal processing, crude oil and natural gas extraction, 
petroleum refining, oil sand cleaning, and processing of spent oxide from stack-gas scrubbers; and recovery from processing mined 


gypsum. Recovery of sulfur in the form of sulfuric acid from artificial gypsum produced as a byproduct of phosphatic fertilizer 
production is excluded, because to include it would result in double counting. Production of Frasch sulfur, other native sulfur, 
pyrite-derived sulfur, mined gypsum derived sulfur, byproduct sulfur from extraction of crude oil and natural gas, and recove 


oil sands are all credited to the country of origin of the extracted raw materials. In contrast, byproduct recovery from metallurgical 


ry from 


operations petroleum refineries, and spent oxides are credited to the nation where the recovery takes place, which is not the original 
source country of the crude product from which the sulfur is extracted. 


^tn addition to the countries listed, Bulgaria, Ecuador, and Vietnam produced native or byproduct sulfur [metallurgy, natural gas, 
and (or) petroleum], but available information is inadequate to formulate reliable estimates of output levels. 


Reported figure. 


Government of Poland sources report total Frasch and native mined elemental 


been divided between Frasch and other native sulfur on the basis of information obtained from supplementary sources. 


TLess than У; unit. 


; i ion is i ate to 
ваш и is thought to be produced from Frasch and as a petroleum byproduct; Hoe Nen information is inadequ 
includes “Belgium, elemental,” “Egypt, elemental,” and “Ukraine, elemental. 


10Tncludes “Poland, Frasch.” 


sulfur output annually, undifferentiated; this figure has 


formulate estimates. 
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TALC AND PYROPHYLLITE 
By Robert L. Virta 


Domestic survey data and tables were prepared by Robin C. Kaiser, statistical assistant, and the world production table was 
prepared by Glenn J. Wallace, international data coordinator. 


In 2012, talc production decreased by 16% to 515,000 metric all States in the tonnage of talc produced, followed by Texas, 
tons (t) valued at $17.1 million from 616,000 t valued at Vermont, and Virginia. 
$21.8 million in 2011. The quantity of talc sold, however, Pyrophyllite.—Domestic production data of pyrophyllite (a 
increased slightly to 575,000 t valued at $87.2 million hydrous aluminum silicate with a structure similar to talc) were 
compared with 567,000 t valued at $87.7 million in 2011. U.S. acquired through a voluntary USGS survey of the two U.S. 
apparent consumption of talc decreased to 589,000 t in 2012 companies. One company responded to the survey. Data for the 
from 678,000 t in 2011. Exports of talc increased by 13% nonrespondent were estimated from previously reported data 
to 251,000 t valued at $56.1 million in 2012 from 223,000 t adjusted according to consuming industry trends and MSHA 
valued at $52.7 million in 2011. Imports increased by 14% employment data. 
to 325,000 t valued at $109 million in 2012 from 285,000 t Standard Mineral Co., the leading U.S. pyrophyllite producer, 
valued at $77.1 million in 2011. U.S. production and sales of operated two mines in North Carolina. Standard Industrial 
pyrophyllite remained essentially unchanged from that of 2011. Minerals, Inc. had one mine in California. U.S. pyrophyllite 
Data are withheld to avoid disclosing proprietary information. production remained unchanged in 2012. Domestic data were 
World production of talc and pyrophyllite decreased slightly to withheld to avoid revealing company proprietary data. 


7.43 million metric tons (Mt) in 2012 from 7.50 Mt in 2011. 
Consumption 
Legislation and Government Programs 


Domestic consumption data for talc and pyrophyllite were 


In 2012, the U.S. Department of Defense authorized the developed by the USGS from a voluntary survey of U.S. 
disposal of 865 t of block and lump talc and 621 t of ground mills. Survey forms were sent to six companies operating 
talc, which represented the entire uncommitted inventory of the seven mills in five States for talc and two companies operating 
National Defense Stockpile (NDS). two mills in two States for pyrophyllite. Responses from five 
companies accounted for 9596 of the talc data presented in 
Production 


table 2. The remaining data were estimated from preliminary 
data, previously reported data adjusted according to trends 
in production for reporting talc producers and consuming 
industries, and MSHA employment data. 

Talc.—Sales and use increased slightly to 575,000 t of talc 
valued at $87.2 million in 2012, compared with 567,000 t valued 
at $87.7 million in 2011 (table 1). U.S. producers reported that 
talc sold for domestic use increased slightly to 463,000 t in 2012 
from 461,000 t in 2011. Ceramics (mainly ceramic tile) was the 
leading market, followed by paper, paint, other and (or) unknown 
uses, roofing, plastics, cosmetics, and rubber, in decreasing order 
of tonnage (table 2). Sales to paper markets increased; sales to 
other markets remained relatively unchanged. 

Sales of talc to manufacturers of adhesives, caulks, ceramics 
(mainly tile), paint, and roofing were tied to commercial and 
home construction and renovation. Construction starts for new 
privately owned housing increased by 28% to 781,000 units in 
2012 from 609,000 units in 2011. The value of all construction 
(residential and commercial) increased by 1076 to $854 billion 
in 2012 from $778 billion in 2011 (U.S. Census Bureau, 
20132; undated). 

The U.S. International Trade Commission (undated) 
reported that imports of ceramic tile under Harmonized Tariff 


Talc.—Domestic production data were obtained through 
a voluntary survey of U.S. mining companies conducted by 
the U.S. Geological Survey (USGS). Survey forms were sent 
to five talc companies and responses were received from 
four. Responses accounted for 95% of the production data 
presented in table 1. Data for the nonrespondent were estimated 
from previously reported data adjusted according to trends 
in production for reporting talc producers and consuming 
industries and Mine Safety and Health Administration (MSHA) 
employment data. 

Four companies mined talc in 2012, operating six mines in 
four States. All were open pit mining operations. The producers 
were, in alphabetical order, Alberene Soapstone Co. in Virginia, 
American Talc Co. in Texas, Imerys Talc America (formerly 
Luzenac America, Inc.) in Montana and Vermont, Specialty 
Minerals Inc. (a subsidiary of Minerals Technologies Inc.) 
in Montana. CAL-TALC, Inc. in California worked from 
Stockpiles in 2012. The three leading domestic producers, 
American Talc, Imerys, and Specialty Minerals, collectively, 
accounted for nearly all of the U.S. tonnage mined. 

U.S. mine production decreased by 1696 to 515,000 t 


valued at $17.1 million compared with 616,000 t valued at Schedule of the United States (HTS) codes 6907.10.00, 
$21.8 million in 2011 (table 1). Production increased in Texas 6908.10.10, 6908.10.20, and 6908.10.50 decreased in quantity 
and Virginia and decreased in Montana and Vermont. Production to 5.86 million square meters valued at $62.1 million in 2012 
decreased mainly because of the drawdown of ore stocks at from 7.80 million square meters valued at $71.5 million in 2011. 
mines and mills; not because of reduced demand. Montana led Ceramic tile is a major market for talc, and U.S. producers sell 
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their talc to domestic tile manufacturers, whose tile competes 
with imported ceramic tile. 

Most of the 325,000 t of imported talc listed in table 4 was 
not included in the domestic end-use data in table 2. About 
65,000 to 75,000 t of imports brought into the United States 
in 2012 probably were stockpiled, based on recent talc market 
trends. U.S. consumption of imported talc was estimated to be 
about 250,000 t of the 325,000 t imported in 2012. An estimated 
end-use itemization for talc imports in 2012 is plastics, 

155,000 t; paint, 25,000 t; cosmetics, 20,000 t; ceramics, 

12,000 t; paper and rubber, 8,000 t each; and other (unspecified 
or unknown), 22,000 t. Combining domestic sales by U.S. 
producers (table 2) with sales of imported talc, markets in 

the United States were, in decreasing order of consumption, 
plastics, ceramics, paint, paper, other (unspecified or unknown), 
roofing, cosmetics, and rubber. 

Pyrophyllite.—1n 2012, domestic consumption of pyrophyllite 
remained unchanged from that of 2011; data are withheld to avoid 
disclosing company proprietary data. Pyrophyllite was used in 
refractory products, paint, ceramics, and unspecified applications, 
in decreasing order of consumption. Refractory uses accounted 
for more than 50% of domestic pyrophyllite sales. 


Prices 


In 2012, the unit value of crude talc was estimated to be 
$33 per metric ton compared with $35 per ton in 2011. Nearly 
all talc sold in the United States was sold only after crushing and 
grinding. Following sorting to remove waste, primary crushing, 
and screening, the unit value of the unmilled talc would likely 
range from $50 to $60 per ton. The average reported unit value 
of processed tale was $152 per ton in 2012, slightly less than that 
of 2011. A lower unit value reported by one producer accounted 
for the decrease in average unit value in 2012. Other producers 
reported slightly higher unit values. The unit value of crude and 
processed pyrophyllite was unchanged from that of 2011. 

The average free alongside ship unit value of all exports 
decreased to $223 per ton in 2012 from $236 per ton in 2011. 
The unit value for milled talc [Harmonized Tariff Schedule | 
(HTS) code 2526.20.00] exports decreased to $223 per ton in 
2012 from $236 per ton in 2011. The unit value for exports of 
unmilled talc (HTS code 2526.10.00) increased to $441 per ton 
in 2012 from $420 per ton in 2011. The average unit value of 
unmilled talc was greater than that of milled talc because ofa 
large number of high-value, low-tonnage exports relative to the 
total export tonnage of unmilled talc. | 

The average customs unit value for all talc imports Was 
$336 per ton in 2012 compared with $270 per ton in 2011. The 
average unit value for imports of unground talc (HTS code 

26.10.00.00) was $468 per ton in 2012, a large increase from 
MA ton in 2011. This was attributed mainly to 1mports 
of high-value talc from China. The average customs value for 

d talc (HTS code 2526.20.00) was 5251 per ton in 2012, 
en e from $217 per ton in 2011. The increase took place 
comet nit value of imports from several of the major trade 
eei He in 2012. The average customs value for cut 
od ма (HTS code 6815.99.20.00) was $1,090 per ton, an 
apes from $1,070 per ton in 2011. 


Foreign Trade ( 
de 
Detailed talc trade statistics, by country and U.S. port Ti 
districts, are available from the U.S. International Trade (0 
Commission on its Interactive Tariff and Trade Data web Er 
Website (U.S. International Trade Commission, undated). U.S. 
talc exports increased 13% in tonnage to 251,000 t valued at " 
$56.1 million in 2012 from 223,000 t valued at $52.7 million AES 
in 2011. By tonnage, Mexico was the leading destination for V 
talc exported from the United States with 31% of the quantity, e 
followed by Canada with 27% (table 3). About 97% of talc T 
exports was milled. Mexico (32%) and Canada (27%) were the р 


leading destinations for milled talc. Belgium (79%) was the 

leading destination for unmilled talc. ( 
U.S. talc imports increased by 14% to 325,000 t valued at 

$109 million in 2012 from 285,000 t valued at $77.1 million in 

2011. By tonnage, Pakistan was the leading source for imported — 

talc, accounting for 4196 of the tonnage; followed by Canada, 

25%; China, 17%; and Italy, 7% (table 4). Shipments from 

Pakistan were likely to have included talc from Afghanistan, | 

which shipped its talc through Karachi. One importing company — , 

in the United States appears to have accounted for more than | 

50% of the talc imports from Pakistan in 2011 and 2012. А 

significant portion of those imports probably went into stocks, 

given the modest growth of talc markets in 2012. Much of the 

imported tonnage from Japan was likely pyrophyllite rather than | 

talc. About 8396 of talc imports was milled; 9% was milled; and 

8% was cut or sawed. China and Hong Kong were the source 

of 91% of the unmilled talc imports in 2012. Pakistan, Canada, 

China, and Italy accounted for 48%, 24%, 13%, and 8%, 

respectively, of milled talc imports. Canada accounted for 62% 

of cut or sawed talc imports. 


World Review 


World production of talc and pyrophyllite was estimated (0 
be 7.43 Mt in 2012, a slight decrease from 7.50 Mt in 2011. 
China was the world's leading producer of talc, followed 
by, in decreasing order of quantity, India, the United States, 
Finland, and France (crude). The Republic of Korea was the 
leading producer of pyrophyllite, followed by Brazil, Japan, 
and Thailand. Brazil, China, Finland, France, India, Japan, the 
Republic of Korea, Thailand, and the United States together 
produced 79% of the world's talc and pyrophyllite (table D 

Although worldwide sales of talc for paper use ое У 
2012, paper markets continued to be the leading globa! use n 
talc with 34% of the tonnage. Polymer markets were the ipa 
leading market with 23% of sales, helped by the EN yi 
automotive plastics sector in the past few years. Eae a 
market was followed by ceramics, 15%; paint, 1276; an 
miscellaneous, 16% (Industrial Minerals, 2013). - 

Afghanistan.—A fghanistan has emerged as a new a 
talc to the world, despite on-going armed conflicts in oe 
The talc was mined in Nangarhar Province, in the зы е 
Shinwari Districts. The deposits were composed of se eae 
97% talc in the active mining areas. Production of у € 
was estimated to be about 200,000 to 300,000 metric 
with most exported via Pakistan (Wilson, 2012). 
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Canada.—Globex Mining Enterprises Inc. continued 
developmental work on its magnesite and talc deposit in 
Timmins, Quebec, Canada. The company was drilling additional 
cores to better determine its resources (Globex Mining 
Enterprises Inc., 2012). 

China.—China was the leading producer of talc with an 
output of more than 2.0 Mt. The country also was the leading 
exporter of talc with more than 680,000 t exported annually. 
More than 200 companies mined talc in China but about 10 
companies accounted for 8096 of production. Production 
remained unchanged from 2009 to 2011 but exports and the 
price of exported talc increased (Xiuzhuang, 2012). 


Outlook 


Following a 23% decline in sales from 2008 to 2009, sales 
increased by 1296 between 2009 and 2012. Markets served 
by talc and pyrophyllite, including automobiles and other 
vehicles; paints, coatings, and adhesives; and plastics and 
rubber products, increased their output in 2012 (U.S. Census 
Bureau, 2013b). This is the second year in a row with positive 
growth in these industry sectors and suggests that sales of 
talc used in catalytic converter bodies (ceramics), automotive 
and truck body and underhood components (plastics), paint 
and coatings (fillers and extenders), and plastics and rubber 
(fillers and extenders in plastic products, tires, and other rubber 
components) may continue to increase in 2013. Increased 
commercial and residential construction in the United States 
in 2011 and 2012 suggests that sales of talc into such markets 
as adhesives, caulks, ceramics (particularly ceramic tile), joint 
compounds, architectural paint, and roofing, may increase in 
2013. Sales of pyrophyllite also may increase slightly in 2013 
as the economy recovers. 
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TABLE 1 
SALIENT TALC AND PYROPHYLLITE STATISTICS! 


(Thousand metric tons and thousand dollars) 


————MÀ 


= 2008 2009 2010 2011 2012 
United States: __ É. 
Mine production, crude: 
Quantity: 
Talc 706 511 604 616 515 
Pyrophyllite | W W W W W 
Talc p = 21,800 14,600 19,100 21,800 17,100 
Ругорћу пе W W W W W 
Sold by producers, crude and processed: 
Quantity: E 
Talc 667 512 567 567 575 
Pyrophyllite иу W W W W W 
Value: s "X Qu аа 
Talc mE 83,300 57,200 84,900 87,700 87,200 
Pyrophyllite W W W W W 
Exports, talc? 
Quantity 244 . 188 240 223 ' 251 _ 
Value P ёч 46,000 37,600 54,300 52,700 ' 56,100 
Imports for consumption, talc: 
Quantity | 193 134 242 ENS х E wm 
_ Value u 56,400 47,900 67,100 77,100" 109,000 
Apparent consumption? 655 457 606 678 ' 589 
World, production 7,800 ' 


7,320 " 7,310" 7,500-^* 7,430 °_ 
*Estimated. 'Revised. W Withheld to avoid disclosing company proprietary data. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
?Excludes powder—talcum (in package), face, and compact. 


Production plus imports minus exports plus adjustments in Government and industry stocks. 


TABLE 2 
END USES FOR TALC PRODUCED IN THE UNITED STATES' 


(Thousand metric tons) 


2011 2012 
Ceramics? mv 118 116 
Cosmetics | 17 15 
Раш! У 92 89 
Рарег 92 101 
Plastics 40 37 
Roofing 41 е 
Rubber | г. | 13 | 
Other” me AB „49 
Total | ze 461 463 
Граја are rounded to no more than three significant digits; may not add to totals shown. 


?Includes tile. 


3 Includes art sculpture, construction caulks, insecticides, joint compound, and other uses 
not specified. 
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ТАВТЕ 3 
U.S. EXPORTS OF TALC"? 


(Thousand metric tons and thousand dollars) 


2011 2012 
Country Quantity Value? Quantity 
Belgium 2 842 9 
Brazil 8 1,770 10 
Canada* 61 12,500 67 
Chile 7 3,270 7 
China 7 2,420 9 
France 3 512 7 
Japan 4 1,250 7 
Mexico 80" 14,800 ' 78 
Singapore 9 2,910 11 
Other” 41 12,500 47 
Тога] 223' 52,700 ' 251 
"Revised. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Excludes powders—talcum (in package), face, and compact. 

*Free alongside ship. 

*Probably includes shipments in transit through Canadian ports. 

“Includes 54 countries in 2011 and 54 countries in 2012. 


Source: U.S. Census Bureau; data adjusted by the U.S. Geological Survey. 
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Value? 
2,730 
2,210 

12,300 
3,090 
2,260 

753 
1,300 

14,600 
3,170 

13,700 

56,100 


75.5 


pounjogjnueuiun [910 ], 


pomes рив mo 


рэлэрмо4 Jo paysnig 


'neaing 515090) 'S'(] :э9110$ 


"СТС Ul зошипоз рє pue 1105 Ut зошипоо ZE ѕәрпјощ, 


"опјел рәтеүдәр $10151) "61; 


"UMOUS $12103 03 ppe зои Аеш *53181р 1021310815 29143 uer IIOU ou oj pepuno: эге eje(T, 


'0197 -- ‘POSAY, 
000'601 000°SZE 00185 004“ 006'19 000'LLZ 00v'€1 009°8Z [oL 
oor 11 0058 066 060 098 0091 08$“ 00801 PWO 
006°$@ 000'€€I = << 0051 00011 0Lv'V 00c'c 98151384 
0LS'C 068'Z TEE T8 1А 008“ = Ез uedef 
0225 00c'cc = = 0225 00c'cc = = Куе 
CSS 060'C £c С 665 060“ = => JULIJ 
000°0Z 000'<5 086'< 060°S 058'8 0057$ 0625 00551 еш) 
008'It 000'08 006'vI 000'91 00892 000“Ӯ9 LL 9t ереџе) 
026'I 065" 1 0681 0971 LC 16 IL 8t 1281 
:2106 
‚004 : 000°S8Z 00461 00581 1002 97 1 000'€IZ 00111 00L'€£S [210], 
10105 1 000°8Z OLOZ [19 1 SSL 1 009'9T 10812 1 00£'01 ЧО 
088'L 007 9Р ка == O9L‘L 000°9r КА! OTZ ues yed 
08“ 0625 761 ср 080“ 081“ > és uedef 
706 178 $9 122 968 £08 = го Крез] 
Spr 099“ s в срр 099“ -- -- oouel] 
00Z'Cc 000 vZI 756 914 0001 008508 0288 008'Cv euo 
008'S€ 004'9L 0051 00551 00€'Ic 001'19 vc LI [29121120] 
0L6'I 08171 01671 OLS‘I 19 ИС = x [zug 
:1102 
(spuesnoy}) (suo) оџјош) (spuesnoy}) (5001 ошзош1) (spuesnou)) (SUO} oujour) (spuesnoy}) (suo) оџјош) АципоЭ 
КЫ УЛ KiuenQ) эел Ayuend ¿2018A Ayuend МЕД Ayuend 


(АЗЈМПОО АЯ ‘OTVL 40 NOLLAWNSNODO МОЯ SLYOdWI 5 П 
v TITYL 


рэлэрмо4 Jo pousnio JON, 


) 


201 
U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK 


75.6 


Country’ 
Argentina, talc and related materials 
Australia:*° 
Pyrophyllite 
Talc 
Austria, soapstone and talc, crude 
Bhutan, talc 


Brazil, talc and pyrophyllite 
Canada, pyrophyllite, soapstone, talc 
Chile, talc 


China, unspecified" 


Egypt, pyrophyllite, soapstone, steatite, talc 
Finland, talc 
France, talc, crude? 
Guatemala, talc __ 
Hungary, talc 
India: 
.. Pyrophyllite 
Steatite 


Iran, talc? 
Italy, steatite and talc* 


Japan: 


Pyrophyllite 


Talc 
Korea, North, unspecified" 
Korea, Republic of: 
Pyrophyllite 
Talc 
Macedonia, talc 
Mexico, talc 


Morocco" 


Nepal, talc’ 

Norway, soapstone, steatite, talc? 
Pakistan, pyrophyllite 

Paraguay, pyrophyllite, soapstone, talc" 
Peru, tale | | 
Portugal, talc 

Romania, talc* 

Russia, talc" 

South Africa: 

Pyrophyllite _ 

Talc 
Spain, steatite and talc? 
Sweden, soapstone and talc? 
Thailand 

Pyrophyllite 


Turkey, talc and pyrophyllite 
United Kingdom, pyrophyllite, soapstone, talc* 
United States: _ 
Pyrophyllite 
Talc 
Uruguay, pyrophyllite, soapstone, talc* 


TABLE 5 
TALC AND PYROPHYLLITE: WORLD PRODUCTION, BY COUNTRY AND PRODUCT"? 


(Metric tons) 
2008 2009 
22,200 22,800 
1,200 1,200 
100,000 100,000 
155,000 111,000 
56,100 64,400 
513,000 544,000 
70,000 44.000 
2,110 1,200 
2,200,000 2,300,000 
69,000 44,000 
528,000 375,000 
420,000 420,000 
1,030 6,360 
87,000 88,000 
560,000 550,000 
89,100 66,400 
140,000 140,000 
350,000 340,000 
26,000 25,000 
50,000 50,000 
893,000 617,000 
6,440 6,000 
977 682 
17,600 33,400 
2,000 2,000 
8,000 6,600 
28,000 28,000 
26,000 40,800 
200 200 
18,000 13,400 
11,200 11,600 
1,700 500 
160,000 160,000 
80,700 115,000 
5,150 4,720 
100,000 100,000 
14,000 14,000 
107,000 * 200,000 
3,260 3,000 
162,000 147,000 
6,000 6,000 
W W 
706,000 511,000 
1,150 |. 1150 


See footnotes at end of table. 
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2010 
24,800 


1,200 
100,000 ' 
138,000 

26,300 
507,000 " 
96,000 

1,360 


2,000,000 


12,900 ' 
419,000 ' 
420,000 

2,180 


90,000 
550,000 

95,800 ' 
140,000 


340,000 
24,000 
50,000 


674,000 
5,730 
1,290 ' 

870 
2,000 
9,000 * 

26,000 

122,000 " 

200 

13,300 
12,000 
1,000 
160,000 


123,000 
3,150 
100,000 
14,000 


200,000 
3,000 

194,000 * 
6,000 


W 
604,000 
1,150 


2011* 
24,400 "4 


1,200 
120,000 
132,000 7^ 
26,000 € 
540,000 "* 
147,000 
349 ^^ 
2,200,000 
48,000 ' 
429,000 ^^ 
420,000 
8,190 "4 


90,000 
560,000 
90,000 
140,000 


350,000 
24,000 
50,000 


511,000 "4 
15,600 "4 
547 ^* 
51,200 "4 
2,000 
9,000 ' 
25,000 
100,000 " 
200 
17,800 ^ 
12,000 
1,000 
160,000 


121,000 ^^ 

4,450 "5 
100,000 
14,000 


200,000 
3,000 
125,000 ^^ 
6,000 


W 
616,000 ^ 
1,150 


2012* 
22,000 


1,200 
130,000 
135,000 

26,000 
550,000 
154,000 Р 

350 


2,200,000 


45,000 
440,000 
420,000 

5,000 


92,000 
570,000 
90,000 
140,000 


340,000 
25,000 
50,000 


500,000 
15,000 
550 
51,000 
2,000 
8,000 
20,000 
110,000 
200 
31,600 4 
12,000 
1,000 
160,000 


120,000 
4,400 
100,000 
14,000 


200,000 
3,000 
125,000 
6,000 


W 
515,000 * 
1,150 


TABLE 5—Continued 
TALC AND PYROPHYLLITE: WORLD PRODUCTION, BY COUNTRY AND PRODUCT”? 


(Metric tons) 
Country? 2008 2009 2010 2011° 2012° 
Zimbabwe, talc* 200 200 A 2 д 
Grand total 7,800,000 " 7,320,000 * 7,310,000 ' 7,500,000 ' 7,430,000 
Of which: 

Pyrophyllite 1,540,000 1,400,000 * 1,550,000 ' 1,370,000 ' 1,360,000 
Steatite 560,000 550,000 550,000 560,000 570,000 
Talc 2,160,000 * 1,810,000 ' 1,900,000 ' 2,010,000 ' 1,940,000 
Unspecified 3,530,000 " 3,550,000 ' 3,310,000 ' 3,550,000 ' 3,560,000 

“Estimated. PPreliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data; not included in “Total.” -- Zero. 


'World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown, 
*Table includes data available through May 7, 2013. 


*In addition to the countries listed, Afghanistan and Nigeria may produce talc, but information is inadequate to estimate output. 
‘Reported figure. 


?Data based on fiscal year ending June 30 of year stated. 


брака based on fiscal year beginning March 21 of year stated. 
"Data based on fiscal year beginning mid-July of year stated. 
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THORIUM 
By Joseph Gambogi 


Domestic survey data and tables were prepared by Martha L. Jackson, statistical assistant, and the world production table 


was prepared by Lisa D. Miller, international data coordinator. 


Thorium consumption worldwide is relatively small compared 
with that of most other mineral commodities. There was no 
domestic production of thorium ores and concentrates reported 
in 2012. АП thorium alloys, compounds, and metal used by 
the domestic industry were derived from imports or stocks. 
Domestic imports for consumption and exports of thorium 
compounds decreased significantly in 2012, according to 
data collected by the U.S. Census Bureau (tables 1—2). The 
United States was a net importer of thorium compounds. 

The value of thorium compounds used by the domestic 
industry in 2012 was $300,000, a decrease of 25% from 
$398,000 in 2011. Only minor amounts, less than 10 metric 
tons (t) of thorium, are typically used annually. However, large 
fluctuations in apparent consumption are caused by intermittent 
use, especially for catalytic applications that do not require 
annual replenishment. In 2012, India (91%) and France (9%) 
were the sources of thorium compound imports to the United 
States. India continued to dominate the supply of thorium, 
accounting for 7496 of global mine production, which totaled 
6,650 t in 2012 (table 3). 

Thorium has been found to some extent in every continent 
of the world, but is concentrated in a few geologic deposit 
types. Three principal sources of thorium are of commercial 
interest—monazite in heavy-mineral sand placer and vein 
deposits, thorite ores in vein deposits, and thorium recovered 
as a byproduct of uranium mining. Thorium and its compounds 
were produced primarily from the mineral monazite, which was 
recovered as a byproduct of processing heavy-mineral sands 
for zircon and the titanium minerals, ilmenite and rutile, or the 
tin mineral cassiterite. Monazite was recovered primarily for 
its rare-earth element (REE) content, and only a small fraction 
of the byproduct thorium produced was consumed. Monazite- 
producing countries were, in decreasing order of production, 
India, Malaysia, Vietnam, and Brazil (table 3). 

Issues associated with thorium's natural radioactivity 
represented a significant cost to those companies involved in 
its mining, processing, manufacture, transport, and use. The 
costs to comply with environmental regulations and potential 
legal liabilities and the high costs to purchase storage and waste 
disposal space were deterrents to its commercial use. 

Limited demand for thorium, compared with demand for 
REEs produced from thorium-containing minerals, continued 
to create a worldwide oversupply of thorium compounds and 
residues. Most major rare-earth processors have switched feed 
materials to thorium-free intermediate compounds, such as 
rare-earth chlorides, hydroxides, or nitrates. Excess thorium not 
designated for commercial use was either disposed of as a low- 
level radioactive waste or stored for potential use as a nuclear 
fuel or in other applications. Principal nonenergy uses include 
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chemical catalysts, lighting, welding electrodes, and heat 
resistant ceramics, in descending order of use. 


Production 


Domestic mine production data for thorium-bearing minerals 
were developed by the U.S. Geological Survey from a voluntary 
canvass of U.S. thorium operations. The one mine to which a 
canvass form was sent responded. Thorium was not produced 
in the United States in 2012, and the mine that had previously 
produced thorium-bearing monazite at Green Cove Springs, 

FL, (Iluka Resources Inc., a wholly owned subsidiary of Iluka 
Resources Ltd.) ceased production of zircon from tailings during 
2009. The monazite production capacity has been on care- 
and-maintenance status for several years. Monazite was last 
produced in the United States in 1994. 


Consumption 


Statistics on domestic thorium consumption were developed 
by evaluating import and export data, and surveying processors 
and manufacturers. Domestic thorium producers and processors 
that were surveyed reported no consumption of thorium oxide 
equivalent in 2012 and were idle owing to the lack of thorium 
demand. Additional information on domestic consumption was 
not available. 

Essentially all thorium alloys and compounds used by the 
domestic industry were derived from imports or stockpiled 
inventory. Domestic companies processed or fabricated 
various forms of thorium for nonenergy uses, such as ceramics, 
chemical catalysts, lighting, and welding electrodes. 

Lightbridge Corp. (McLean, VA) continued work on the 
development of nuclear technology using thorium. Lightbridge's 
thorium-based seed-and-blanket fuel assembly design consisted 
of metallic fuel rods in the central region called the seed that 
is surrounded by oxide fuel rods in the outer region called the 
blanket. The blanket is composed of thorium-uranium oxide 
pelletized fuel rods similar to conventional fuel rods used in 
commercial light water reactors. The blanket fuel rods used a 
thorium-uranium oxide mixture rather than uranium oxide in 
conventional uranium fuel rods. According to Lightbridge, the 
design offered compatibility with existing light water reactor 
designs and enhanced proliferation resistance of the used fuel 


(Lightbridge Corp., 2013, p. 7). 
Prices 


Published prices for thorium oxide and nitrate were not 
available. The average unit value of imported thorium 
compounds was 568.1 per kilogram, a slight decrease compared 
with $69.7 per kilogram in 2011. Owing to falling prices for rare 
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earths contained in thorium ores and concentrates, the average 
unit value of imported thorium ores and concentrates decreased 


to $613 per metric ton, a significant decrease compared with 
$1,660 per metric ton in 2011. 


Foreign Trade 


Exports of thorium ores and concentrates are minor relative 
to world production. In 2012, the United States did not export 
thorium ores and concentrates. Exports of thorium compounds 
from the United States were 3.16 t valued at $734,000, a 
decrease from 4.28 t in 2011 (table 2). Principal destinations 
were, in order of quantity, China, Singapore, the United 
Kingdom, and Poland. 

Owing to limited demand, thorium ores and concentrates, and 
thorium compounds are imported sporadically. In 2012, 43 t of 
thorium ores or concentrates valued at $26,400 was imported 
from inventory in the United Kingdom (table 2). Imports of 
thorium compounds in 2012 totaled 4.40 t valued at $300,000, 
a decrease from 5.71 t valued at $398,000 in 2011. India and 
France were, in order of quantity, the leading suppliers of 
thorium compound imports in 2012. 


World Review 


Thorium demand worldwide remained depressed because of 
concerns about its naturally occurring radioactivity. Industrial 
consumers expressed concerns about the potential liabilities, the 
cost of environmental monitoring to comply with regulations, 
and the cost of disposal at approved waste burial sites. Interest 
in thorium increased worldwide, however, as various countries 
exhibited interest in thorium-fueled nuclear power as an 
alternative to uranium. In 2012, exploration and development 
of rare-earth projects associated with thorium were underway in 
Australia, Brazil, Canada, Greenland, India, South Africa, the 
United States, and Vietnam. 

China. —Тће Chinese Academy of Sciences continued 
а research initiative to develop thorium molten-salt reactor 
(TMSR) technologies. The effort was led by the TMSR Center 
at the Shanghai Institute of Applied Physics. By 2017, two 
2-megawatt (MW) research reactors based on two molten 
salt technologies were expected to be constructed, and in the 
2030s, construction of a 1 ,000-MW reactor was expected to 
help demonstrate the commercial feasibility of the technology 
(Endicott, 2013, p. 14). | | 

India.—Indian Rare Earths Ltd. (IREL) is the only entity 
which has been permitted to produce and process monazite in 
India. In 2012, IREL was commissioning a processing plant 
that was expected to produce several thousand metric tons of 
rare-earth oxide (REO) derived from monazite produced at 
IREL’s Orissa operations in Kerala, India. Any thorium products 
extracted during monazite processing were required to be | 
returned to India's Department of Atomic Energy (International 
Business Times, 2012; Kaul, 2012). | 

Toyotsu Rare Earths India Pvt. Ltd. was constructing an 
REO separation plant in Visakhapatnam, Andhra Pradesh. The 
plant was expected to use monazite process residue to produce 
rare-earth compounds. Construction of the facility began in 
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July 2011 (Toyotsu Rare Earths India Pvt Ltd., 2013). 

The Indian Department of Atomic Energy continued 
development of a 300-MW advanced heavy water reactor 
(AHWR) fueled by a thorium-mixed oxide fuel (MOX). 
Construction on the AHWR was expected to begin in 2014, 
with a start date in 2019 (Todosow and others, 2012, p. 1). The 
AHWR was expected to take advantage of India's significant 
reserves of thorium. 

Malaysia.—In September, the Malaysian Atomic Energy 
Licensing Board issued a temporary operating license (TOL) 
to the Lynas Corp. Ltd. for the Lynas Advanced Materials 
Plant (LAMP). Initial feedstock of rare-earth concentrates 
was received in November and initial production of rare-earth 
carbonates and oxides was expected in 2013 (Lynas Corp. 
Ltd., 2013, p. 4). In a review by the International Atomic 
Energy Agency (IAEA) in 2011, the activity concentration 
in the feedstock and the water leach purification residue was 
expected to be about 6 becquerel per gram (Bq/g). By IAEA 
safety guidelines, materials with activity concentrations 
between 1 and 10 Bq/g were regarded as radioactive for the 
purpose of regulation, but should be considered for possible 
exemption depending on the dosage received by individuals 
(International Atomic Energy Agency, 2011, p. 13). According 
to a statement by the Malaysian Ministry of Natural Resources 
and Environment issued in December, the TOL required Lynas 
to remove residues generated by LAMP out of Malaysia 
(Ministry of Natural Resources and Environment, 2012). 

Norway.—Thor Energy AS, in partnership with an 
international consortium of utilities, industry, and research 
organizations, made plans for a 4-year test of thorium-MOX. 
The objective of the test was to gather data and demonstrate 
that thorium-MOX fuel could operate safely in a commercial 
reactor. The testing was being performed by the Institute for 
Energy Technology, at a fuel-testing reactor in Halden, Norway. 
Thor Energy is owned by Thor Corp. (81.3%), Steenkampskraal 
Thorium Ltd. (1596), and Statoil Ventures AS (3.770) 

Thor Energy AS, 2013). 
: South На с Western Minerals Group Ltd. (GWM) 
was proceeding with the refurbishment of Its Steenkampskraal 
(SKK) monazite mine for the production of rare-earth minerals. 
In 2012, the company was preparing a preliminary economie 
assessment whose final results were to be published in 2013. 
In 2012, GWMG applied for additional prospecting rights 
covering more than 500 square kilometers surrounding the 
SKK Project. GWMG planned to store thorium produced i 
during the processing of monazite in underground on 5 
in a recoverable form (Great Western Minerals Group Lt¢., 
2013, p. 3). 


Outlook 


For the next few years, domestic consumption onan 
expected to remain at low levels. In the long ма pret 
consumption will increase if its use as a nuclear Ne 
commercialized. Although most rare-earth Hinr dictio 
shifted away from using monazite, new гаге-са xe to gener 
from naturally occurring radioactive ores 1$ ехр 
excess thorium supply. 
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TABLE 1 
SALIENT U.S. THORIUM STATISTICS' 


2008 2009 2010 2011 2012 
Exports, gross weight: 
Thorium ore, including monazite metric tons 61 18 | -- == 
Compounds do. 12.62 4.73 1.50 4.28 3.16 
Imports for consumption, gross weight: 
Thorium ore, including monazite E do. -- 26 -- 30 43 
Compounds | | Е до. 0.69 2:23 3.03 5.71 4.40 
Prices, yearend: | 
Nitrate, gross weight | dollars per kilogram NA NA NA NA NA 
Oxide, 99.9% purity" | до. 252 252 252 МА МА 
do. Ditto. NA Not available. -- Zero. 
!Data are rounded to no more than three significant digits. 
?Source: Rhodia, Inc., free on board port of entry, duty paid, thorium oxide basis. 
THORIUM—2012 76.3 
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TABLE 3 
MONAZITE CONCENTRATE: WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons, gross weight) 
Country? 2008 2009 2010 2011 2012° 
Brazil 834 303 249 290" 250 
India* 5,000 5,000 5,200 5,200 5,400 
Malaysia 233 25 732 719 600 
Vietnam“ 1,226 ' -- ' 309 € 361" 369 ? 


Total 7,290 ' 5,330 ' 6,490 ' 6,630 ' 6,620 


"Revised. -- Zero. 
World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes data available through December 11, 2013. 


?In addition to the countries listed, China, Indonesia, Nigeria, North Korea, the Republic of Korea, and countries of the Commonwealth 
of Independent States may produce monazite; available information is inadequate for formulation of reliable estimates of ouput levels. 
^Exports to China. 

‘Reported figure. 


THORIUM—2012 


Google 


76.5 


TIN 


By James F. Carlin, Jr.! 


Domestic survey data and tables were prepared by Linda M. White, statistical assistant, and the world production tables 
were prepared by Glenn J. Wallace, international data coordinator. 


Tin has not been mined in the United States since 1993; 
consequently, the country was reliant on imports and recycling 
for its tin needs. In 2012, 25 firms consumed 89% of the primary 
tin used domestically. The estimated value of primary tin metal 
consumed domestically was $690 million. Industry stocks 
increased by 4% compared with those at yearend 2011 (table 1). 

In 2012, approximately 13,500 metric tons (t) of tin was 
recovered from scrap, most of it from old scrap. About 1296 of 
the tin used in the United States was recovered domestically 
from recycled metal (table 5). 

World tin mine production was 243,000 t, a decrease of 5% 
from that in 2011. Of the 18 countries in which tin was mined, 
6 countries accounted for 91% of the total production. China 
was the leading producer (45% of world output), followed 
by Indonesia (17%), Peru (1196), Bolivia (896), Brazil (6%) 
and Burma (4%). World primary tin smelter production was 
304,000 t, a decrease of 5% from that in 2011 (tables 9, 10). 

The composite tin price in 2012 decreased by 18% from 
that in 2011 (table 1). World tin reserves were estimated to be 
4.9 million metric tons (Mt), about 14 times the estimated 2012 
world primary tin consumption of 360,000 t. Most tin reserves 
were in Ásia and South America. 


Legislation and Government Programs 


In fiscal year 2008, the Defense National Stockpile Center 
(DNSC), suspended sales of tin from the National Defense 
Stockpile (NDS) pending an additional study. Since then, the 
Defense Logistics Agency (DLA), Strategic Materials (formerly 
DNSC) has not sold any tin and has determined that the entire 
inventory shall be held in reserve. Therefore, the Annual 
Materials Plan (AMP) for fiscal years 2012—14 sales was set at 
zero. The AMP for potential upgrading of the tin inventory was 
set at 804 t for fiscal years 2012-14. As of yearend 2012, the 
NDS tin inventory was 4,020 t, which was stored at the DLA's 
depot located in Hammond, IN (Andrew Green, DLA, Strategic 
Materials, written commun., August 27, 2013). 

The “Reduction of Lead in Drinking Water Act" (Public Law 
No. 111—380) was signed into law on January 4, 2011. The law, 
which becomes effective on J anuary 4, 2014, lowers the national 
standard for allowable lead in faucets, pipe fittings, and pipes 
to 0.25%. The previous national standard was 8.0%. Industry 
sources noted that the bill harmonizes lead standards across the 
country. The lower lead standard may promote greater use of 
tin in plumbing fixtures because many fixtures contain alloys 


of lead and tin, especially in solders (Plumbing Manufacturers 
International, 2011). 
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Production 


A significant quantity of alloy tin scrap was generated during 
manufacturing processes and was recycled in those same 
industries. Secondary tin recovered from obsolete fabricated 
parts was used in many kinds of products and was a particularly 
important source of tin for the manufacture of brass, bronze, 
and solder. 

The Steel Recycling Institute (Pittsburgh, PA), funded by 
the North American steel industry, continued to promote the 
collection, preparation, and transportation of steel can scrap. 
The domestic recycling rate for steel cans, most of which are 
made from tinplate, was 71% in 2011, up from 67% in 2010. 
This percentage has generally increased each year since 1990 
(Steel Recycling Institute, 2012). 


Consumption 


In 2012, domestic consumption of new and old scrap was 
estimated to be 13,500 t, about the same as that in 2011 
(table 5). Domestic consumption data for tin were developed 
by the USGS from a voluntary survey of tin consumers. Of 
the 129 firms to which a survey form was sent, 50 responded, 
accounting for 39% of estimated reported consumption. 

Data for the nonrespondents were estimated based on prior- 
year reporting. 

The total number of metal cans shipped domestically was 
124 billion in 2012, the same as that in 2011. Steel (essentially 
tinplate and tin-free steel) dominated in the food, pet, and 
general line can markets, and aluminum accounted for 10096 
of the beverage can market (Can Manufacturers Institute, 
2013, p. 20). 

Arkema Inc. (King of Prussia, PA) announced the planned 
sale of its tin stabilizer business to PMC Group Inc., a 
manufacturer of plastics based in Mount Laurel, NJ. Arkema had 
been a leading user of tin both domestically and internationally 
(Arkema Inc., 2012). | 

RG Steel, LLC (Sparrows Point, MD), the fourth-leading 
domestic producer of flat-rolled steel, which filed for 
Chapter 11 bankruptcy protection on May 31, received court 
approval to sell some of its assets. Ап agreement was reached 
for Environmental Liability Transfer Inc., Commercial 
Development Co., and Hilco Trading Co. to buy RG Steel's 
Sparrows Point plant, one of the leading single-site steelmaking 
facilities in the United States, with an annual capacity of 
3.9 Mt, for about $73 million. The Sparrows Point plant had 
been a leading domestic producer of tinplate and was a leading 
domestic user of tin (Bathon, 2012). 


77.1 


Prices 


The Platts Metals Week average composite price for tin 
metal decreased by 18% from that in 2011. The London Metal 
Exchange Ltd. (LME) remained the principal trading site for 


tin, and in 2012, the LME average tin price was $9.57 per 
pound (table 1). 


Foreign Trade 


U.S. imports of refined tin, which supplied most domestic tin 
requirements, increased by 7% compared with those of 2011 
(table 8). Imports of tin in all forms (metal, ore and concentrate, 
scrap, and waste) remained duty free. Foreign-owned trading 
firms tended to dominate the marketing of imports. U.S. imports 
of tin came mostly from Peru, Indonesia, Bolivia, and Malaysia, 
in descending order of quantity imported. Refined tin exports 
were significantly less than imports (tables 6, 8). 


World Review 


ITRI Ltd. (Frogmore, United Kingdom) released findings 
from its latest worldwide annual tin use and recycling survey 
that was ongoing since 2005 as part of the ITRI Sustainability 
Project. Some of the findings were as follows: world tin 
consumption in 2010 was 362,000 t, slightly higher than 
that in 2009, but preliminary estimates for 2011 indicated 
that consumption declined slightly to 360,000 t; the market 
share accounted for by solders declined to about 5276 in 2011 
from a peak of 54% in 2007; global tin use for tinplate has 
remained stable at about 60,000 metric tons per year (t/yr) for 
the past 6 years; China accounted for an estimated 43% of | 
global tin consumption in 2011; companies typically held tin 
stocks equivalent to a 3- to 5-week supply at the end of 2010, 
which was equivalent to total world stock of 30,000 t (ITRI 

d). 
T 24 eine Electronics Association (Arlington, VA) 
forecast that global consumer electronics sales would increase 
by 5% to exceed $1 trillion for the first time in 2012. The 
electronics sector accounted for about one-half of world tin 
demand (Consumer Electronics Association, 2012). | 

According to а survey by ITRI (2012c), the world 5 
10 leading refined tin producers and their production in 2011 
were Yunnan Tin Group Co., Ltd. (China), 56,200 t; Malaysia 
Smelting Corp. Bhd. (Malaysia), 40,300 t; PT Timah (Persero) 
TGK (Indonesia), 38,100 t; Minsur S.A. (Peru), 30,200 t; | 
Thailand Smelting and Refining Co. Ltd. (Thailand), 23,900 С 
Yunnan Chengfeng Non-Ferrous Metals Co., Ltd. (China), 
15,400 t; Guangxi China Tin Group Co. Ltd., 15,400 t; Empresa 
Metalúrgica Vinto S.A. (Bolivia), 11,000 t; Metallo Chimique | 
International N.V. (Belgium), 10,000 t; and Yunnan Gejiu 21-11 

i 600 t. 

= e avium Minerals Ltd. (West Perth, Western 
Australia) announced that it had completed a Bankable | 

‘bility Study on its Mount Lindsay tin-tungsten project 
ded га. The capital cost of the project was estimated at | 
es n us А$198 million), based on an expanded processing 
d eae > million metric tons per year (Mt/yr) of ore. The 
op d ~ life was 9 years. Operating costs per metric ton 
ici pit and underground mining were estimated 
ot or 
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at $60 and the proven and probable reserves were estimated 
at 14 Mt grading 0.2% tin, containing 30,000 t of tin (Venture 
Minerals Ltd., 2012). 

China.—The Chinese Ministry of Finance and State 
Administration of Taxation raised the resources tax on 
six minerals, including tin. The resource tax on tin was 
increased to as much as 20 yuan per ton, which the agency 
calculated amounted to a twentyfold increase for tin 
(Bloomberg.com, 2012). 

The local government in Yunnan Province announced that 
new metal resources were discovered during the past 2 years. 
The resources included an estimated 160,000 t of tin (American 
Metal Market, 2012). 

Tin mine production in Guangxi and Yunnan Provinces, 
accounting for 5396 of reported production in China in 2011, 
was substantially lower in 2012. Tin mine closures caused by 
cadmium contamination and drought-related water shortages 
reduced feedstocks for the country's tin smelters. The two large 
tin mines located in Guangxi Province, Gaofeng and Tongkeng, 
With a total capacity of 9,000 t/yr and owned by Liuzhou China 
Tin Group Co. Ltd. (Liuzhou, Guangxi Province), were closed 
for 1 month. Although these mines reopened, smaller tin mines 
located in Guangxi Province were still awaiting government 
permission to reopen at yearend (ITRI Ltd., 2012a). 

Egypt.—Gippsland Ltd. (Claremont, Western Australia, 
Australia) announced plans to increase production of tin-in- 
concentrate at its Abu Dabbab alluvial tin mine in Egypt to 
720 t/yr starting in February 2013. Mining at this placer deposit 
began in the spring of 2012 (ITRI Ltd., 20126). 

Germany.—Steel producer Rasselstein GmbH (Andernach) 
announced that it was renamed ThyssenKrupp Rasselstein 
GmbH effective February 12. The main component of 
Rasselstein's steel plant located in Andernach was a tin mill 
(electrolytic tin plating of steel coils). The Andernach facility 
contained the only tin mill in Germany, and was also considered 
to be the world's leading tinplate producer. Almost 80% of its 
tinplate was exported (ThyssenKrupp Rasselstein GmbH, 2012). 

Indonesia.—The country's state-controlled tin producer, PT 
Timah (Persero) Tbk (Bangka), announced that it expected tts 
tin output to remain unchanged in 2013 at the reduced level of 
30,000 t as the company limited production to boost profits. 
Timah aimed to reduce production costs in 2013 to about 
$15,000 per metric ton of tin from $16,000 to $18,000 in 2012. 
Timah’s first deep-water bucket-wheel dredge was expected EP 
start operation early in 2013 and two more similar vessels cou 
be commissioned in 2013 if the first one proves ene 
Timah was also expanding its ore processing capacity P ow 
for better recovery of byproduct minerals. Timah planne to 

: : га Island, which would host 
develop an industrial zone on Bangka Island, me 
its second tin chemicals plant. Timah also OA 
in principle to explore a 10,000-hectare site In southe 

ITRI Ltd., 2012e). 
| Malaysia Smelting Corp. Bhd. (Kuala Lumpur Melee 
(MSC), the world's second-ranked tin smelter, dk hia 
stake that it had held in PT Коба Tin (J dh РТТ 
Synergy Resources Ltd. The sale reduced take in Koba Tin 
in Koba Tin to 30%. MSC had held a 75% и рет 
through its fully owned subsidiary Bemban i 
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remaining 25% stake was held by Indonesian tin producer PT 
Tambag Timah (Pangkal Pinang). Koba Tin produced 6,350 t of 
refined tin in 2011, well below its annual capacity of 25,000 t at 
its plant on Bangka Island (Platts Metals Week, 2012). 
Malaysia.—MSC reached an agreement with the Perak 
State government on a new mining lease for its wholly owned 
subsidiary Rahman Hydraulic Tin Sdn Bhd. (RHT), which 
would expire in 2030. RHT operated the leading tin mine in 
Malaysia, producing 1,800 t/yr of tin-in-concentrate. MSC 
acquired RHT in 2004 and has since invested in exploration and 
rehabilitation (Malaysia Smelting Corp. Bhd., 2012). 
Morocco.—Kasbah Resources Ltd. (South Perth, Western 
Australia, Australia) signed a joint-venture agreement to 
sell Toyota Tsusho Corp. (Nagoya, Japan) a 2096 interest in 
the Achmmach tin project in Morocco for $16 million, with 
receipt of the final payment on June 30, 2012. Toyota Tsusho 
was entitled to a minimum 20% offtake of tin produced at 
Achmmach. Kasbah would continue to manage and operate the 
joint venture. Toyota Tsusho traded approximately 8% of global 
tin production and more than 509^ of all tin consumed in Japan 
(Kasbah Resources Ltd., 2012). 


Outlook 


Worldwide demand for primary tin was expected to increase 
at moderate annual rates. The rate of increase, however, could 
increase if new applications continue to find acceptance in 
the marketplace, especially in the electronics (solder) field. 
Higher tin prices that have prevailed in recent years, however, 
discourage use in new applications. 

A report from Bryon Capital Markets Ltd. (Toronto, Ontario, 
Canada) predicted an increase in demand and prices for tin. The 
report indicated that the increased demand would come from 
solders that must meet the Restriction of Hazardous Substances 
(RoHS) directives implemented in the European Union (EU) 
in 2006. The directive recognized that a large proportion of 
waste from electronic devices would never be recycled and 
that the materials within these devices, including cadmium, 
hexavalent chromium, lead, and mercury, would eventually 
dissipate into the environment. As a result, the EU decreed 
that substances like solder, at least within devices intended for 
sale within the region, must not contain any of these hazardous 
materials. Following the directive, in 2006, the search for a 
new solder component standard in the electronics industry 
began, resulting in a new alloy of silver and tin. Bryon Capital 
noted that from 2004 to 2011, the price of tin rose markedly. 
Many electronics manufacturers decided to use lead-free 
solders on all versions of their products, whether shipping to 
regions in which RoHS regulations pertain or not because it 
was logistically simpler. The report observed that a shortfall 
of tin supply was of particular concern, because increases in 
tin mine production have been modest. The report suggested 
that world noninvestment demand for tin could increase 
from about 362,000 t in 2011 to more than 544,000 t by 2020 
(Sterescu, 2012). 

World tin reserves appeared to be adequate to meet 
foreseeable demand. Secondary sources of tin were likely 
to become an even more important component of supply, 
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especially in the United States. Domestic tin requirements were 
expected to continue to be met primarily through imports. 
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TABLE 1 
SALIENT TIN STATISTICS! 
INMN-—-—-—-—————D———À— оно ИИ 
2008 2009 2010 2011 2012 
ии num 
United States: 
Production, secondary, contained tin? metric tons 11,700 11,100 11,100 11,000 11,200 
Exports, refined tin do. 9,800 3,170 5,630 5,450 5,560 
Imports for consumption, refined tin do. 36,300 33,000 35,300 34,200 36,900 
Consumption, contained tin: 
5 до. 23,100 24,800 25,300 25,200 24,500 
r 
Secondary do. 6,250 7,150 4,820 3,280 3,240 
Stocks, yearend, U.S. industry, contained tin do. 8,560 7,070 6,410 5,880 ' 6,140 
Prices, average, contained tin: 
New York, NY, market cents per pound 864.53 641.62 954.13 1,215.90 989.60 
Platts Metals Week composite do. 1,128.97 837.08 1,239.64 1,574.67 Er 
i j 615.15 925.15 1,184.05 957. 
don, United Kingdom do. 836.76 15.15 925.15 118405 _ 95120 _ 
aah Lumpur, Malaysia do. 837.70 609.34 92217 1,187.54 958.00 
ion, contained tin: : 
World poms metric tons 260,000" 238,000" 255,000" 256,000 _ 243,000 
: 
_ Smelter: —.————— — — — — — de. 316,000 " 310000:  318000' 320,000 ' 304,000 
EIS : 17,900 17,200 17,200 17,100 ' 17,200 
есо 


TT secondary ___-__ = 


до ~ 
до. 334,000 327,000 335,000 337,000 321,00 


*Estimated. ‘Revised. do. Ditto. Е | 
Праја are rounded to no тоге than three significant digits, except prices. 
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TABLE 2 
U.S. CONSUMPTION OF PRIMARY AND SECONDARY TIN! 


(Metric tons, contained tin) 


2011 2012 
Stocks, January 1? 5,830 € 5,800 
Net receipts during year: 
Primary 25,200 24,800 
Secondary 2,840 ' 2,810 
Scrap 916 879 
Total receipts 29,000 ' 28,500 
Total available 34,800 : 34,300 
Tin consumed in manufactured products: 
Primary 25,200 24,500 
Secondary 3,280 € 3,240 
Total 28,500 ' 27,700 
Intercompany transactions in scrap 462 454 
Total processed 28,900 ' 28,200 
Stocks, December 31 (total available less total processed) 5,880 ' 6,140 
"Revised. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes tin in transit in the United States. 


TABLE 3 
U.S. CONSUMPTION OF TIN, BY FINISHED PRODUCT' 


(Metric tons, contained tin) 


2011 2012 
Product Primary Secondary Total Primary Secondary Total 

Alloys, miscellaneous” 2,700 W 2,700 2,950 W 2,950 
Babbitt 281 34 315 247 34 281 
Bar tin W W W W W W 
Bronze and brass 2,600 1,210 3,810 1,250 1,210 2,460 
Chemicals 9,990 W 9,990 9,860 W 9,860 
Solder 2,190 ' 1,910" 4,100" 2,990 1,910 4,900 
Tinning 552 -- 552 467 -~ 467 
Tinplate? 6,230 W 6,230 6,090 У 6,090 
Other" 632 125 757 648 85 733 

Total 25,200 3,280" 28,500" 24,500 3,240 27,700 


‘Revised. W Withheld to avoid disclosing company proprietary data; included with “Other.” -- Zero. 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes terne metal. 


*Includes secondary pig tin and tin acquired in chemicals. 


“Includes britannia metal, collapsible tubes and foil, jewelers’ metal, pewter, tin powder, type metal, 
and white metal. 
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TABLE 4 
U.S. INDUSTRY YEAREND TIN STOCKS! 


(Metric tons) 
- 2011 2012 
Plant raw materials: 
Pig tin: 
Primary? 5.060 5.280 
Secondary 621" 622 
In process! 107 103 
Total 5,790 ' 6,000 
Additional pig tin: 
Jobbers-importers 299 739 
Afloat to United States 193 173 
Total 492 912 
Grand total 6,280 ' 6,920 
"Revised. 


'Data are rounded to no more than three significant digits; 
may not add to totals shown. 


“includes tin in transit in the United States. 
?Data only include tin content of scrap. 


TABLE 5 
U.S. STOCKS, RECEIPTS, AND CONSUMPTION OF NEW AND OLD SCRAP AND TIN RECOVERED, BY TYPE OF SCRAP! 


(Metric tons) 


Gross weight of scrap 


Stocks, Consumption Stocks, Tin recovered" 
Type of scrap January | Receipts New Old Total December 31 New Old Total | 
2011: 
Copper-base scrap: 
m рге 4,780" 63,700" 12,300 51,600 64,000 4,5107 428 2,340 2,760 
Brass mills" г W W W W Wo — 1340 у 15340 
— Foundries and other plants — 1,00 17,400 14,900 2,6800 | 17,500 1,410 W 94 94 
ay o у сл. XX XX XX XX XX XX 170 2,430 4200 
ыы 7 9,000. 120%. - 29,0007 Де 1,100,099 40,100 761 8,590 9350 
_ HERO Vere а W W W W 
Tin-basescrap — — — id ш ш ~ = 2530 11,000 13,600 
“Grand total _ ХХ XX хх zx хх ААШ 2 
"Gmndtoal =: 
2012: ee 
е 
2, Scrap: ЗАО 
mies 4,510 64,000 12,500 51,500 64,000 4,510 429 2,330 а 
ае тана. MS A др Ж, Жо 
ЕРЕ ee ва 1.410 17.000 14.700 2,390 17,100 1,350 ырс кызл тирани 
a and other pianis —XX —— xx ХХ XX XX XX 110 2420 Ме 
NN EE 40,100 * 1,160,000 25,400 1,130,000 1,160,000 43,700 667 8,730 
~ Tead-base зар ____--- x er ài » w w WwW 
Таразе semap__—— XX т M XX XX xx 2380 11200 1350 
_ Grand total ______---- Е 


*Estimated. "Revised W Withheld to avoid disclosing company proprietary data. XX Not applicable. -- Zero. 
sti . d di оп | | 

раќа are rounded to no more than three Sign ФАИ digits; may not add to totals shown. 

2Consumption is assumed to be equal to receipts. Ae 

Includes tinplate and other scrap recovered at detinning plants. 
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TABLE 6 
U.S. EXPORTS OF TIN IN VARIOUS FORMS! 


2011 2012 
Quantity Value Quantity Value 
Form (metric tons) (thousands) (metric tons) (thousands) 

Ingots and pigs 5,450 $33,300 5,560 $33,300 
Tin scrap and other tin-bearing material except 

tinplate scrap (gross weight)” 21,900 88,200 15,100 66,000 
Tinplate and terneplate (gross weight) 216,000 183,000 160,000 132,000 
'Data are rounded to no more than three significant digits. 
"Includes rods, profiles, flakes, tubes, and pipes. 
Source: U.S. Census Bureau. 

TABLE 7 


U.S. IMPORTS FOR CONSUMPTION OF TIN IN VARIOUS FORMS! 


2011 2012 
Quantity = Quantity 
(metric tons, Value (metric tons, Value 
Form gross weight) (thousands) gross weight) (thousands) 
Dross, skimmings, scrap residues, tin alloys, n.s.p.f.? 58,600 $39,400 73,300 $39,300 
Miscellaneous” XX 60,800 XX 35,700 
Tin compounds | Е 769 20,200 438 9,400 
Tinplate andterneplate — 367,000 431,000 428,000 500,000 


Tinplate scrap 97,100 28,500 91,300 30,800 
XX Not applicable. 


'Data are rounded to no more than three significant digits. 
?Not specifically provided for. 
3 Includes tinfoil, tin powder, flitters, metallics, and other manufactures n.s.p.f. 


Source: U.S. Census Bureau. 


TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF UNWROUGHT TIN METAL, 
BY COUNTRY' 
| | 2011 2012 
Quantity Value Quantity Value 
. Country (metric tons) (thousands) (metric tons) (thousands) 
Belgium n 261 $7,100 625 $12,400 
Bolivia | 5,680 153,000 5,100 110,000 
Brazil VE 676 16,400 2,930 60,100 
Canada | 35 891 25 582 
Chile | | 60 231 -- -- 
China 1,490 41,400 174 3,870 
Indonesia 4,930 89,000 6,180 89,300 
Japan -- -- 5 141 
Malaysia _ 3,980 105,000 4,590 96,000 
Peru — | 14,000 368,000 14,500 304,000 
Singapore 645 17,200 424 8,210 
Switzerland Q) 6 2) 4 
Thailand —  — 2,310 55,600 1,750 38,000 
United Kingdom _ 18 423 l 17 
Other = I0" 2680 66 _ 13,100 
Total _ 34,200 857,000 | 236900 © 735,000 


'Revised. -- Zero. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 
"Less than № unit. 


Source: U.S. Census Bureau. 
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TIN: WORLD MINE PRODUCTION, BY COUNTRY? 


Country 2008 
Australia 1,783 
Bolivia 17,320 ' 
Brazil 13,899 
Burma? 800 ' 
Burundi 21: 
China" 110,000 
Congo (Kinshasa) 12,600 ' 
Indonesia 53,228 
Laos 551 € 
Malaysia 2,605 
Mexico 527 
Niger —' 
№ репа“ > 185 ' 
Peru 39,037 
Portugal 29 
Russia 400 ' 
Rwanda‘ 1,600 ' 
Thailand 215 
Uganda, placer 40 ' 
Vietnam" 5,400 

Total 260,000 * 


Estimated. PPreliminary. ‘Revised. -- Zero. 


! World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


(Metric tons) 


2009 
5.630 
19,575 
9,500 
1,000 ' 
12: 
97,200 ' 
9,900 ' 
46,078 
598 ' 
2,412 
6 T 
400 ' 
37,503 
34 ' 
127 ' 
2,400 ' 
166 


r 


5,400 
238,000 ' 


"Includes data available through July 16, 2014. 
Includes content of tin-tungsten concentrate. 
^Production of tin was by artisanal miners. 

5Concentrate gross weight reported, estimated 62% tin content. 
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2010 2011 2012 — 
6,600 5,012 ' 5,849 
20,190 20,373 19,702 
10,400 10,725 ' 13,667 
4,000 ' 11,000 " 10,600 * 
12 22 1% 
115,000 120,000 110,000 
8,600 ' 4,800 ' 3,700 
43,258 42,000 * 41,000 * 
925 ' 674 ' 762 
2,668 3,340 ' 3,726 
6' 10' 10° 
520 ' 570 ' 570 
33,848 28,882 26,105 
227 39" 42° 
144" 25" 100 • 
3,000 * 2,900 ' 1,600 
291 282 ' 124 
327 10" - 
5,400 5,400 5,400 
255,000 " 256,000* 243,000 
U.S. GEOLOGICAL SURVEY MINERALS у 


Country 

Australia: 

Primary 

Secondary 

Тога!“ 

Belgium, secondary Ss ee 
Bolivia, primary 
Brazil: 

Primary 
| Secondary 

Total 

Bulgaria, secondary » 
Burma, primary" 
China prmay ——— 0 0 0 
Denmark, secondary? 
Greece, secondary 
Indonesia, primary 
Japan, primary 
Malaysia, primary 
Mexico, primary 
Norway, secondary 
Peru, primary 
Russia: 


.. Secondary 
Total 


Spain, secondary" 
Thailand, primary" 
United States, secondary? 
Vietnam, primary 
Grand total 
Of which: 

Primary 

Secondary 
Undifferentiated 
“Estimated. "Revised. -- Zero. 


" World total, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


2008 


170 
400 
570 
5,000 
12,667 ' 


11,020 

250 

11,300 
2 г 

30 

140,000 

75 

75 

53,417 

956 
31,691 ' 

15 

50 

38,865 


1,425 ' 
300 

1,730" 
10 

21,860 3 
11,700 
3,583 
334,000 


316,000 ' 
17,900 
T 


wee 


TABLE 10 
TIN: WORLD SMELTER PRODUCTION, BY COUNTRY"? 


(Metric tons) 


2009 


T 


400 
400 * 

5,000 
15,006 ' 


8311 
250 
8,560 
1 r 
30 
140,000 
75 
75 
51,418 
757 
36,407 
15 
50 
34,388 ' 


1,129 " 
300 


1,430 € 
10 

19,423 ? 
11,100 
2,747 

327,000 ' 


310,000 ' 
17,200 


= 


400 
400 ' 

5,000 
15,003 " 


9,098 
250 
9,350 

1 г 
30 
150,000 
75 
60 
43,832 
841 


50 
36,451 


1,081 ' 
300 

1,380 ' 
10 
20,000 
11,100 
3,042 

335,000 ' 


318,000 ' 
17,200 


400 
400 ' 

5,000 
14,295 ' 


9,382 ' 
250 
9,630 ' 
1 r 
30 
156,000 
60 
50 
43,000 * 
947 ' 
40,267 
50 
32,290 


526 ' 
300 
826 ' 
10 
20,000 
11,000 
3,000 * 
337,000 " 


320,000 ' 
17,100 * 


r 


400 
5,000 
14,517 ? 


11,955 3 
250 
12,200 
1 
30 
148,000 
50 
50 
42,000 
950 
37,792 ? 
50 
24,811 3 


500 

200 

700 

10 
20,000 
11,200 
3,000 
321,000 


304,000 
17,200 


2 ; ь | 
Whenever possible, total output has been separated into primary (from ores and concentrates) and secondary (tin metal recovered from 


old scrap). Data reflect metal production at the first measurable stage of metal output. Includes data available through July 31, 2014. 


Reported figure. 
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TITANIUM 
By George M. Bedinger 


Domestic survey data and tables were prepared by Elsie D. Isaac, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


Domestic production of titanium dioxide (TiO,) pigment 
decreased by 12% compared with that of 2011 (table 5). 
U.S. consumption of titanium used in steel and other alloys 
increased by 4% from that in 2011 (table 7). U.S. production 
of titanium mineral concentrates in 2012 was unchanged from 
that of 2011. The United States was 78% import reliant for 
titanium mineral concentrates and 71% for titanium sponge, 
and continued to be a net exporter of TiO, pigment and wrought 
titanium metal products. The leading sources of imported 
titanium mineral concentrates were Australia, Canada, and 
South Africa (table 11). World production of titanium mineral 
concentrates in 2012 was 8.31 million metric tons (Mt) of 
contained TiO,, a 4% decrease from revised totals of 2011. The 
leading producers of titanium mineral concentrates were, in 


descending order of production, Australia, China, South Africa, 
and Vietnam. 


Legislation and Government Programs 


ADMA Products, Inc. received funding from the 2012 
Defense Appropriations Bill to increase the production of 
hydrogenated titanium powder. In 2012, a 800 kilogram- 
per-day (kg/d) pilot scale unit was constructed. Future plans 
included expansion of titanium powder production capacity to 
1,800 metric tons per year (t/yr) (Duz and others, 2013, p. 15). 


Production 


Titanium industry data for this report were collected by the 
U.S. Geological Survey (USGS) from annual and quarterly 
surveys of domestic titanium operations. In 2011, the USGS 
annual survey canvassed titanium mineral and pigment 
producers. The two producers of titanium mineral concentrates 
responded. Of the six active domestic TiO, pigment operations, 
four responded. Production data for the operations that did not 
respond were estimated on the basis of prior year production 
levels and industry trends. Production data for titanium ingot 
and mill products were aggregated from a quarterly survey 
of producers. 

Mineral Concentrates.—Titanium mineral concentrates 
of economic importance include ilmenite, leucoxene, rutile, 
synthetic rutile, and titaniferous slag. Mining of titanium 
minerals is usually performed using dredging and dry surface 
mining techniques for the recovery of heavy minerals, including 
titanium minerals. Gravity spirals are used to isolate the heavy- 
mineral suite, and magnetic and high-tension separation circuits 
are used to separate the heavy-mineral constituents. Шпепне 
and rutile are the two principal minerals for titanium. Ilmenite 
is the most abundant titanium mineral with contained TiO, 
content ranging from 35% to 65%. Ilmenite is often processed 
to produce a synthetic rutile or titaniferous slag. Although 
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numerous technologies are used to produce synthetic rutile, 
nearly all are based on either selective leaching or thermal 
reduction of iron and other impurities in ilmenite. Rutile, 
naturally occurring TiO,, has the highest TiO, content but is 
less abundant. 

U.S. mineral concentrate producers were DuPont Titanium 
Technologies [a subsidiary of E.I. du Pont de Nemours and 
Co. (DuPont)] and Iluka Resources, Inc. (a subsidiary of Iluka 
Resources Ltd.). DuPont's mining operations near Starke, FL, 
produced a mixed product containing ilmenite, leucoxene, and 
rutile that was used as a feedstock in DuPont's TIO, pigment 
plants. Iluka produced titanium mineral concentrates from its 
heavy-mineral operations near Stony Creek, VA. 

Metal.—Commercial production of titanium metal involves 
the chlorination of titanium-containing mineral concentrates to 
produce titanium tetrachloride (ТІСІ,), which is then reduced 
with magnesium (Kroll process) or sodium (Hunter process) 
to produce a commercially pure form of titanium metal. As the 
metal is formed, it has a porous appearance and is referred to 
as sponge. Titanium ingot and slab are produced by melting 
titanium sponge and (or) scrap, usually with other alloying 
elements such as aluminum and vanadium. Electron beam (EB), 
plasma arc melt (PAM), scull, and vacuum-arc remelting (VAR) 
are the commercial methods used to produce ingot and slab. 
Titanium mill products are formed by drawing, forging, and 
rolling of titanium into products of various sizes and shapes. 
These mill products include billet, pipe and tube, plate, rod and 
bar, sheet, strip, and wire. Titanium castings are produced by 
investment casting and rammed graphite mold casting. 

In 2012, U.S. producers of titanium sponge were Allegheny 
Technologies Inc. (ATT), Honeywell Electronic Materials 
Inc., and Titanium Metals Corp. (Timet) (table 2). ATI's 
Rowley, UT, plant and Timet's Henderson, NV, plant produced 
titanium sponge using the Kroll process. Honeywell Electronic 
Materials' plant in Salt Lake City, UT, used the Hunter process 
to produce titanium sponge feed for the company's production 
of electronic-grade titanium. Data on domestic production of 
titanium sponge were withheld to avoid disclosing company 
proprietary data. U.S. production of titanium ingot increased in 
2012 by 14% and mill products decreased slightly (table 3). 

Ferrotitanium is usually produced by induction melting of 
titanium scrap with iron or steel, but may be produced through 
the aluminothermic reduction of ilmenite. The two standard 
grades of ferrotitanium that are normally produced contain 4094 
or 70% titanium. U.S. producers of ferrotitanium were RTI 
International Metals, Inc. (Canton, OH) (7,250 t/yr capacity) 
and Global Titanium Inc. (Detroit, MI) («10,000 t/yr capacity). 
Data on production of ferrotitanium were not available. 

TiO, Pigment. — TiO, pigment is produced from titanium 
mineral concentrates by either the chloride process or the 
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sulfate process. In the chloride process, natural rutile, chloride- 
grade ilmenite, or slag is converted to ТІСІ , by chlorination in 
the presence of petroleum соке. ТІСІ, is oxidized with air or 
oxygen at about 1,000 °С, and the resulting TiO, is calcined to 
remove residual chlorine and any hydrochloric acid that may 
have formed during the reaction. Aluminum chloride is added 
to the ТІСІ, to assure that virtually all the titanium is oxidized 
into the rutile crystal structure. In the sulfate process, ilmenite or 
titanium slag is reacted with sulfuric acid. Titanium hydroxide 
is then precipitated by hydrolysis, filtered, and calcined. Either 
process may be used to produce pigment, and the decision of 
which process to use is based on numerous factors, including 
raw material availability, freight, and waste disposal costs. In 
finishing operations, the crude form of the pigment is milled 
to produce a controlled particle size distribution and surface 
treated or coated to improve its functional behavior in various 
media. Some typical surface treatments include alumina, 
organic compounds, and silica. The TiO, pigment produced is 
categorized by crystal form as either anatase or rutile. Rutile 
pigment is less reactive with the binders in paint when exposed 
to sunlight than is the anatase pigment and is preferred for use 
in outdoor paints. Anatase pigment has a bluer tone than rutile, 
is somewhat softer, and is used mainly in indoor paints and in 
paper manufacturing. Depending on the manner in which it 15 
produced and subsequently finished, TiO, pigment can exhibit 
a wide range of functional properties, including dispersion, 
durability, opacity, and tinting. 

U.S. production of TiO, pigment was 1.14 Mt in 2012, 
а 12% decrease compared with that in 2011 (table 5). U.S. | 
producers of TiO, pigment by the chloride process were Cristal 
Global, DuPont, Louisiana Pigment Co. І.Р. (a joint venture 
of Kronos Worldwide, Inc. and Huntsman Corp.), and Tronox 
Ltd. (table 4). TOR Minerals International, Inc. produced a buff 
TiO, pigment from finely ground synthetic rutile. 


Consumption 


Mineral Concentrates.—On а gross weight basis, 94% of 
domestic consumption of titanium mineral ЕВ Was 
used to produce TiO, pigment. The remaining 6% was used 
to produce metal and other miscellaneous products, including 
fluxes, and welding rod coatings. Based on TiO, content, 
domestic consumption of titanium mineral concentrates was 
1.59 Mt, a 6% increase compared with that of 2011 (table 6). 

Consumption data for titanium concentrates were estimated 
by the USGS owing to insufficient T by industry to the 

| ev for consumption data. 
erede en metal alloys are used for their high 
strength-to-weight ratio and corrosion resistance. In general, 

tion of titanium mill products precede aircraft deliveries 

aiu t 1 year. In 2012, mill product shipments decreased by 
гу ae those of 2011 (table 3). The aerospace industry о 
was the leading end use for mill products. Other uses include 

mer goods and the marine, medical, oil and gas, pulp and 
Pa and specialty chemical industries. "umo 
yT ificant quantity of titanium in the form of ferrotitanium, 

: n sponge 15 consumed in the steel and nonferrous alloy 
ан In the steel industry, titanium 15 used for deoxidation, 
E cns control, and control and stabilization of carbon and 
grain- : 


78.2 


nitrogen content. Titanium-intensive steels include interstitial 
free, stainless, and high-strength low-alloy steels. Reported 
domestic consumption of titanium products in steel and other 
alloys was 12,900 t, a 4% increase compared with that of 
2011 (table 7). 

TiO, Pigment.—Domestic production of TiO, pigment 
decreased by 12% but apparent domestic consumption (not 
accounting for changes in inventory) increased slightly from 
that of 2011 (table 5). The leading uses of TiO, pigment, based 
on TiO, pigment shipments in the United States by domestic 
producers, were paint and coatings (59.8%), plastics and 
rubber (24.6%), and paper (10.6%). Other uses (5.0%) included 
catalysts, ceramics, coated fabrics and textiles, floor coverings, | 
printing ink, and roofing granules (table 8). 


Stocks 


Insufficient data were available to determine yearend 
consumer inventories of titanium mineral concentrates and TO, | 
pigment producer stocks. Yearend domestic stocks of sponge | 
and ingot increased by 67% and 4%, respectively, from yearend 
2011 levels owing to anticipated demand by the aerospace | 
industry and higher feedstock prices (table 3). 


Prices 


Yearend titanium mineral concentrate prices are listed in | 
table 9. Owing to increased global demand from TiO, pigment 
producers, prices for bulk ilmenite and rutile concentrates were 
considerably higher than prices in 2011. Published prices for 
titanium slag were not available. Based on U.S. Census Bureau 
data, the value of slag imports in December 2012, rose to а 
range of $512 to $763 per metric ton from $468 to $494 per ton 
in December 2011, owing to rising feedstock prices. The 
U.S. Department of Labor, Bureau of Labor Statistics, producer 
price index (PPI) for TiO, pigment began the year at 268, rose to 
a high of 305 in May, and then decreased to 268 by yearend. In 
December 2012, the monthly PPI for titanium mill products was 
179, a decrease from 203 in December 2011. Sponge and ingot 
prices were generally unchanged owing to long-term contracts 
(U.S. Department of Labor, Bureau of Labor Statistics, 2013). 


Foreign Trade 


Mineral Concentrates.—U.S. Imports of titanium mineral 
concentrates included ilmenite, rutile, synthetic rutile, and 
titaniferous slag. The United States was heavily reliant on 
imports of titanium mineral concentrates because d 
consumption of titanium minerals greatly exceeded sae а: 
production and capacity. In 2012, the TiO, content 2. imp 
was estimated to be 1.12 Mt, primarily in the form x 94), South 
titaniferous slag (47%), rutile (23%), and ilmenite ан 
Africa, Australia, Canada, and Mozambique were, s 3 
order of TiO, quantity, the leading import LANE S д 
combined value for all forms of titanium convent 5 iferous 
in 2012 was $1.01 billion (table 11). Imports ie x 
iron ore from Canada (classified as ilmenite iA vts a 2012. 
Bureau), which totaled 96 t in 2011, increase е to imports 
Exports of titanium concentrates were minor Te 
(tables 10—11). 
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Metal.—Total imports of titanium metal decreased by 5% 
from those in 2011. Imports of titanium metal were primarily in 
the form of sponge (58%), waste and scrap (27%), and wrought 
products and castings (1396). In descending order, Japan, 
Kazakhstan, and China were the leading sources of imported 
titanium sponge, and the United Kingdom, Germany, Japan, 
and France were, in descending order, the leading sources 
of imported scrap. Germany and Russia supplied all of the 
imported titanium ingot, and China was the major source of 
titanium powder. Imports of other unwrought forms of titanium 
more than doubled compared with those of 2011, yet still 
constituted less than 196 of titanium metal imports. Imports of 
titanium wrought products and castings were primarily in the 
form of plate, sheet, strip, and foil (60%); bar, rod, profiles, 
and wire (26%); and billets (15%). Russia was the leading 
source of wrought products and castings. Imports of wrought 
products and castings were almost identical to those of 2011, at 
6,840 t. Imports of ferrotitanium were 2,410 t, a 16% increase 
compared with those of 2011. The leading import sources 
were, in descending order, by weight, Canada, Russia, and 
the Netherlands. Exports of ferrotitanium were 3,610 t, a 12% 
increase compared with those of 2011. 

TiO, Pigment. —1п 2012, the United States continued to be a 
net exporter of TiO, pigment, with exports exceeding imports 
by a ratio of 3.1 to 1. Exports of TiO, pigment were 624,000 t, 
a 21% decrease compared with those of 2011. During 2012, 
203,000 t of TiO, pigment was imported, a slight increase 
compared with those of 2011. About 94% of TiO, pigment 
exports was in the form of finished pigment with 8096 or more 
TiO, content (table 10). The leading import sources of TiO, 
pigment were Canada (3896) and China (2194). Seventy-five 
percent of pigment imports was in the form of finished pigment 
with more than 80% TiO, content (table 13). 


World Review 


Australia.—In Australia, production of rutile decreased by 
7% from that of 2011 and production of ilmenite increased by 
5% as pigment producers switched to lower grade ilmenite 
feedstocks owing to the sharp increase in rutile prices. 

In June, Tronox completed the acquisition of Exxaro 
Resources Ltd.’s mineral sand operations in Western Australia 
and South Africa in exchange for 38.5% of Tronox equity. 
The acquisition included Exxaro’s 50% interest in the Tiwest 
Joint Venture in Western Australia that was jointly owned with 
Tronox (Tronox Ltd., 2012). The combined capacity of these 
three operations totaled 723,000 t/yr of titanium feedstock and 
265,000 t/yr of zircon production (Tronox Ltd., 2013, p. 24). 


In 2012, Iluka Resources Ltd. produced 220,000 t of rutile and 


248,000 t of synthetic rutile from its Australian operations in the 
Eucla Basin, South Australia; Perth Basin, Western Australia; 
and Murray Basin, Victoria, a decrease of 22% and 13%, 
respectively, from those of 2011. Iluka's 2012 production of 
salable ilmenite from these basins was 459,000 t, an increase of 
23% from 2011 production (Iluka Resources Ltd., 2013, p. 15). 
Murray Zircon Pty. Ltd. restarted mining operations at its 
Mindarie Mineral Sands project in South Australia in October. 
The mixed heavy mineral concentrates, containing ilmenite, 
leucoxene, rutile, and zircon, would be bulk shipped to a facility 
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in China for further processing and sale. The Mindarie Mineral 
Sands was expected to produce 120,000 t/yr of mixed heavy 
mineral concentrate over a period of 15 years. (Murray Zircon 
Pty. Ltd., 2012, p. 13, 14). 

Gunson Resources Ltd. upgraded the reserves at its Coburn 
heavy mineral sands project to an estimated 49,500 t/yr of 
zircon, 109,000 t/yr or ilmenite, and 23,500 t/yr of higher 
titanium dioxide mineral products (rutile and leucoxene 
combined into a 90% TiO, product). Anticipated mine life was 
reduced to 19 years from 23 years (Gunson Resources Ltd., 
2013, p. 10). 

Matilda Zircon Ltd. continued the development of the 
Keysbrook deposit, 70 kilometers (km) south of Perth. Matilda 
planned to begin mine construction in the second quarter 2013 
and to begin mining in early 2014. The Keysbrook project 
was expected to operate for at least 7 years with a potential 
expansion to 15 years with additional approvals and land access 
arrangements. Average annual production was expected to be 
62,200 t/yr of leucoxene and 28,700 t/yr of zircon (Matilda 
Zircon Ltd., 2013, p. 3). 

China.—1n 2012, exports of sponge and mill products were 
4,500 t and 12,300 t, respectively. The 14 leading manufacturers 
produced 81,000 t of sponge in 2012, an increase of 2596 from 
that of 2011, and 52,000 t of titanium mill products, a slight 
increase from that in 2011 (Metal-Pages, 2013). 

China produced 1.9 Mt of TiO, pigment in 2012, an increase 
of 8% from that of 2011, with a utilization rate of 48% of an 
estimated 4.0 Mt/yr of capacity (Metal-Pages, 20122). In June, 
Henan Billions Chemicals Co., Ltd., signed an agreement with 
PPG Industries under which PPG was to provide chloride- 
based titanium dioxide technologies for use at Henan Billions’ 
TiO, production facilities in China (PPG Industries, 2013, 

p. 9). Subsequent to the agreement, Henan Billions signed an 
agreement with Ti-Cons to build and operate a 100,000 t/yr 
chloride-based TiO, production facility. Production was 
expected to begin in 2015 (Lismore, 20122, Ti-Cons, 2013). 
The only confirmed chloride-based TiO, producer in China 
was Jinzhou Titanium Industrial Co. Ltd. with a capacity of 
60,000 t/yr (Ollett, 2012). 

India.—Kerala Minerals and Metals Ltd. commissioned a 
titanium sponge plant at the Chavara industrial complex in 
a joint venture with the Vikram Sarabhai Space Center. The 
plant was expected to produce 1,000 t/yr eventually (Metal- 
Pages, 2012b). 

Japan.—Exports of titanium sponge totaled about 30,700 t 
in 2012, an increase of 2296 from those of 2011. Exports to the 
United States accounted for 62% of this total, an increase of 
1876 compared with 2011 owing to aerospace industry demand 
(Roskill's Letters from Japan, 2013). 

Kenya.—Base Resources Ltd. was to begin mining operations 
at its Kwale prospect in July 2013. During the first 7 years of 
operation, production was expected to average 330,000 уг of 
ilmenite, 79,000 t/yr of rutile, and 30,000 t/yr of zircon (Base 
Resources Ltd., 2012, p. 7). 

Mozambique.— The Jinan Yuxaio Group of China was 
granted a mining license for a heavy-mineral sands deposit 


in the Zambeze province along the Quelmaine coast (Mineral 
Sands Report, 2012). 
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Кептаге Resources plc's production of heavy-mineral 
concentrates at its Moma operation was 772,000 t, a decrease 
of 10% relative to that of 2011, and ilmenite production was 
574,500 t, a decrease of 10% from that of 2011 owing to electric 
supply disruptions and challenges associated with elevating the 
dredge pond. Kenmare was working to increase capacity from 
800,000 t/yr to 1.2 Mt/yr with an expected completion date of 
late 2013 (Kenmare Resources plc, 2013, p. 14, 20). 

Norway.—TiZir Ltd.’s Tyssedal ilmenite upgrading facility in 
southwest Norway produced 181,100 t of titanium slag in 2012, 
a slight increase from that of 2011. IImenite for the Tyssedal 
Operation was mostly sourced from the production of Titania 
AS’s nearby Tellnes Mine in Norway (Mineral Deposits Ltd., 
2013, p. 12; 2014). 

Russia.—In 2012, the first year of full production, IRC 
Ltd. produced 125,000 t of ilmenite at its Kurankh deposit, 
an increase of 97% from that of 2011. The Kurankh deposit 
is located in the Amur region in the Russian Far East (IRC 
Ltd., 2013). 

Saudi Arabia.—In June, Cristal Global announced that the 
titanium slag plant originally scheduled to be built in Yanbu had 
been relocated to Jazan Economic City. The plant was to have 
an initial capacity of 500,000 t/yr of 85% titanium slag with 
235,000 t/yr of pig iron as a coproduct and was scheduled to 
begin operating in 2014 (Cristal Global, 2012). | 

Senegal.—Astron Ltd. updated its ore reserve estimate for the 
Niafarang mineral sands project, south of Dakar. Probable ore 
reserves were 4.7 Mt containing 1196 heavy minerals. The heavy 
mineral suite included 75% ilmenite, 1476 zircon, and 2.3% 
rutile (Astron Ltd., 2012). 

Mineral Deposits continued with development and 
construction of the mine and separation plants at its Grande Cote 
heavy-minerals deposit, and initial production was scheduled for 
2013. Mineral Deposits entered into a joint-venture agreement 
with ERAMET SA (Paris, France), whereby Mineral Deposits 
90% stake in the Grande Cote deposit was combined with 
ERAMET's 100% stake in the Tyssedal ilmenite upgrading 
plant in Norway to form a new entity, TiZir Ltd. After the A 
Grande Cote Mine and separation plants are operational, TiZir 
is expected to produce an average of 575,000 Џуг of ilmenite, 
85.000 t/yr of zircon, and small amounts of rutile and leucoxene 
over a mine life of 20 years (Mineral Deposits Ltd., 2013, p. 11). 

Sierra Leone.—Sierra Rutile Ltd. (SRL) produced 94,490 t 
of rutile in 2012, a 39% increase from 2011. In October, SRL 
announced the development of its Gangama dry mining project, 
which was projected to produce an average of 83,400 Uyr of 
rutile, 46,000 уг of ilmenite and 9,500 Uyr of zircon and other 
concentrates for 6 years. A feasibility study of this project was 
scheduled for completion in the second quarter 2013 (Sierra 

‹ ous? 
три i announced expansion of its rutile 

d ilmenite capacity from its deposits in the Dnepropetrovsk 
eund 2015, Volnogorsk expected to increase its capacity to 
n 000 tyr of rutile and 950,000 t/yr of ilmenite from 
Ss aun levels of 60,000 t/yr and 720,000 t/yr, respectively 


(Lismore, 2012b). 
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Vietnam.—In July, VSMPO-Avisma of Verkhnyaya Salda, 
Russia, signed a memorandum of understanding with the 
Vietnam National Coal-Mineral Industries Holding Corp. 
(Vinacomin). The two companies planned to create a joint 
venture to process titanium minerals after Vinacomin secured 
licenses to develop mineral resources in the Binh Thuan 
province (Metal-Pages, 2012c). 


Outlook 


The market for titanium minerals was expected to be driven 
by the production of TiO, pigment. Growth in global demand 
for TiO, was expected to trend with economic growth and the 
production of paint, paper, and plastics. Although existing mines 
in the United States were expected to be depleted by 2020, two 
new mines were to commence production of heavy-mineral 
concentrates in the near future. Southern Ionics Inc. expected 
to begin production of heavy-mineral concentrates in its South 
Mission Mine in the second quarter 2014 and at its North 
Mission Mine in the first quarter 2015 in Charlton County and 
Brantley County, GA, respectively. Mining operations were 
projected to last 25 years (Mineral Sands Report, 2013). 

Aerospace, defense, and industrial uses were expected 
to strongly influence consumption of titanium metal for 
the foreseeable future. Commercial aircraft production was 
expected to remain the dominant consumer of titanium metal. 
The global aircraft fleet was projected to increase by an average 
3.6% per year from 2013 to 2032 (Boeing Со., The, 2015, p. 4). 
According to one industry estimate, consumption of titanium 
metal by the aerospace industry was expected to climb to 
40,400 t by 2017 from 22,300 t in 2012 (Hickton, 2013, p. 43). 
Government and private industry programs in the United States 
and foreign countries to develop commercial-scale lower cost 
methods of producing titanium metal may further increase 
titanium demand if they are successful. 
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ТАВТЕ 1 
SALIENT TITANIUM STATISTICS! 


2008 2009 2010 2011 2012 
United States: = 
Mineral concentrate: 
Imports for consumption metric tons 1,380,000 943,000 1,200,000 1,270,000 1,380,000 
Consumption®? do. 1,780,000 1,700,000 1,850,000 1,830,000 1,940,000 
Sponge metal: 
Imports for consumption do. 23,900 16,600 20,500 33,800 33,600 
Consumption до. W W 34,900 48,400 35,100 
Price, yearend” dollars per pound 6.16–8.02 4.50-7.07 3.50-6.24  3.27-6.74 | 3.53-6.95 
Titanium dioxide pigment: 
Production metric tons 1,350,000 1,230,000 1,320,000 1,290,000 1,140,000 
Imports for consumption do. 183,000 175,000 204,000 200,000 203,000 
Consumption, apparent do. 800,000 757,000 761,000 706,000 722,000 
Producer price index, yearend” (1982-100) 170 164 194 268 268 
World, production: 
IImenite concentrate” metric tons 7,010,000 ' 6,260,000 © 7,530,000" 7,570,000" 7,800,000 
 Rutileconcentrate, natural ———— č č do. 641,000 " 577,000 ' 734,000 ' 808,000" 809,000 
Titaniferous slag® do. 2,250,000 ' 1,850,000 © 2,340,000" 2,220,000 2,300,000 


*Estimated. "Revised. do. Ditto. W Withheld to avoid disclosing company proprietary data. 
!Data are rounded to no more than three significant digits, except prices. 

?Excludes consumption used to produce synthetic rutile. 

?Landed duty-paid unit based on U.S. imports for consumption. 

‘Production plus imports minus exports. Excludes stock changes. 

5Source: U.S. Department of Labor, Bureau of Labor Statistics. 


Includes U.S. production of ilmenite, leucoxene, and rutile rounded to one significant digit to avoid disclosing company 
proprietary data. 


"U.S. production of rutile included with ilmenite to avoid disclosing company proprietary data. 


TABLE 2 
U.S. TITANIUM METAL PRODUCTION CAPACITY IN 2012"? 


(Metric tons per year) 


"ER ыш ыш эы =з ыш SEC OD a 


Yearend capacity 


Company Plant location Sponge Ingot 
Alcoa Howmet Whitehall, MI -- 3,200 
Allegheny Technologies Inc. Albany, OR 4 (4) 10,900 
_ Do. Monroe, NC = 23200 
Do. Richland, WA -- 10,000 
Do. Rowley, UT £3 10,900 ~- 
Alloy Works LLC Greensboro, NC -- 1,800 
Honeywell Electronic Materials Inc. Salt Lake City, UT 500 + 
Perryman Co. os Houston, РА ~- 1,800 
RTI International Metals, Inc. Niles, OH > 13,600 
Titanium Metals Corp. Henderson, NV — 12,600 12,300 
Do. Morgantown, PA -- 40,700 
Ро. | Vallejo, CA | -- 800 


Тога! 
*Estimated. Do. Ditto. -- Zero. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
Estimated operating capacity based on 7-day-per-week full production. 
? Includes electron-beam, plasma, and vacuum-arc-remelting capacity. 


За July 2009, sponge capacity of 9,980 metric tons per year was temporarily idled, and did not 
operate in 2012. 


24,000 _ 118,000 
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TABLE 3 
COMPONENTS OF U.S. TITANIUM METAL SUPPLY AND DEMAND! 


(Metric tons) 
Component | 2011 2012 
Production: 
Ingot 60,300 68,800 
Mill products 40,500 39,800 
Exports: 
Waste and scrap 5,150 8,760 
Sponge 256 1,420 
Other unwrought 1,180 3,920 
Wrought products and castings 31,300 ' 37,400 
Total 37,900 ' 51,500 
Imports: 
Waste and scrap 13,900 14,400 
Sponge MEM 33,800 33,600 
Other unwrought 918 ' 991 
Wrought products and castings 6,820 6,840 
___ Total 55.400 55,900 
Stocks, industry, yearend: 
Sponge 10,800 18,100 
Scrap vu 12,900 13,500 
Ingot 3,850 4,170 
Consumption, reported: 
Sponge _ mM 48,400 35,100 
Scrap 30,900 38,700 
Ingot 55,900 57,300 
Shipments: 
Ingot 15,400 20,500 
_ Mill products (net shipments): 
___ Forging and extrusion billet 16,800 16,700 
Other 28,700 23,000 
Total m TOREM 45,500 39,600 
Castings (shipments) W W 
Receipts, Scrap: i 
. Home 18,900 ' 21,900 
Purchased 21,200 26,800 
Total 40,200" 48800 


‘Revised. W Withheld to avoid disclosing company proprietary data. 
' Data are rounded to no more than three significant digits; may not add to totals shown. 
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ТАВТЕ 4 
U.S. PRODUCERS OF TITANIUM DIOXIDE PIGMENT IN 2012! 23 


(Metric tons per year) 


Company Plant location Yearend capacity" 
Cristal Global Ashtabula, OH 220,000 
Du Pont Titanium Technologies De Lisle, MS 340,000 
Do. Edgemoor, DE 190,000 
Do. New Johnsonville, TN 400,000 
Louisiana Pigment Co. L.P. Lake Charles, LA 150,000 
Tronox Ltd. Hamilton, MS 230,000 
Total 1,530,000 
Do. Ditto. 


'Estimated operating capacity based on 7-day-per-week full production. 


*Table does not include TOR Minerals International, Inc.'s Corpus Christi, TX, production capacity 


of about 26,400 metric tons per year (t/yr) of buff TiO, pigment that is produced by refining and fine 
grinding of synthetic rutile. 


?Data are rounded to no more than three significant digits; may not add to total shown. 
"АШ plants use the chloride process to manufacture TiO; pigment. 


TABLE 5 
COMPONENTS OF U.S. TITANIUM DIOXIDE PIGMENT SUPPLY AND DEMAND! 


2011 2012 
weight content — weight _ content _ 
Родео? metrictons 1,290,000 1,220,000 1,140,000 — 1,080,000 - 
Shipments: 

Quantity do. 1,320,000 1,220,000 1,080,000 1,020,000 
Value thousands — $4,400,000 XX $3,920,000 XX 
Exports metric tons 789,000 741,000 * 624,000 587,000 * 
Imports for consumption do. 200,000 188,000 * 203,000 190,000 * 

Consumption, apparent" * do. 706,000 662,000" 722,000 678,000 
Estimated. "Revised. do. Ditto. XX Not applicable. | 
!Data are rounded to no more than three significant digits. | 
?Excludes production of buff pigment. 
?Includes interplant transfers. 
‘Production plus imports minus exports. Excludes stock changes. 
Sources: U.S. Census Bureau and U.S. Geological Survey. 
TABLE 6 
ESTIMATED U.S. CONSUMPTION OF TITANIUM CONCENTRATE"? 
(Metric tons) 
2011 2012 
Gross TiO, Gross TiO, 
weight content weight content _ 
Эш _ 10000 МА 18000 мА 
Miscellaneous? 131,000 NA 123,000 _ МА 


МА Not available. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 
?Includes a mixed product containing altered ilmenite, leucoxene, and rutile. 


AES ino-rod 
"Includes alloys, carbide, ceramics, chemicals, glass fibers, titanium metal, and welding-ro 
coatings and fluxes. 
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TABLE 7 
U.S. CONSUMPTION OF TITANIUM IN STEEL AND OTHER ALLOYS"? 


(Metric tons) 
э ee ы = ш == Е Е А 
2011 2012 
Steel: 

Carbon 6,670 7,050 

. Stainless and heat-resisting 3,120 3,360 
Other alloy? 737 690 
Total 10,500 11,100 
Cast irons 16 16 
Superalloys 636 568 
Alloys, other than above 1,120 1,050 
Miscellaneous and unspecified 156 138 
Grand total 12,500 12,900 


! Includes ferrotitanium, scrap, sponge, and other titanium additives. 
?Data are rounded to no more than three significant digits; may not add to totals shown. 
3Includes high-strength low-alloy and tool steel. 


TABLE 8 
ESTIMATED U.S. DISTRIBUTION OF TITANIUM PIGMENT SHIPMENTS, 
TITANIUM DIOXIDE CONTENT, BY INDUSTRY’ 


(Percent) 
Industry 2011 2012 
Paint, varnish, lacquer 58.5 59.8 
Paper 8.6 10.6 
Plastics and rubber 27.9 24.6 
Other’ 5.0 5.0 
Total 100.0 100.0 


'Excludes exports. 
“Includes agricultural, building materials, ceramics, coated fabrics 
and textiles, cosmetics, food, and printing ink. Also includes 
shipments to distributors. 


TABLE 9 
YEAREND PRICES OF TITANIUM PRODUCTS 


es aap eg eg ea ИН ава E LL 
Concentrate: аа ът» 
Rutile, bagged, f.o.b. Australian ports' do. 1,348-1,600 2,500-2,800 
Rutile, bulk, f.o.b. Australian ports! — — — _ do. 1,300-1,400 — 2,050-2,400 
Titaniferous slag, import, 80% to 95% TiO —  — do. 468-494 512-763 
Metal: 
Sponge import? dollars per pound 3.27-6.74 3.53—6.95 
Scrap, turnings, unprocessed” do. 2.00-2.20 1.70-1.75 
Ferrotitanium, 70% Ti? — do. 3.45-3.55 3.20-3.25 
Mill products" producer price index 203 179 
do. 268 268 


Titanium dioxide pigment | 
do. Ditto. 

! Source: Industrial Minerals. 
? Landed duty-paid unit value based on U.S. imports for consumption. 

Source: Platts Metals Week. 

*June 1982-100. Source: U.S. Department of Labor, Bureau of Labor Statistics. 
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TABLE 10 
U.S. EXPORTS OF TITANIUM BY CLASS! 


Demo o dap de m Lom = aL SSS cw eL o ee o 
2011 | 2012 
Quantity Value Quantity Value 
Class HTS? (metric tons) (thousands) (metric tons) (thousands) 
Metal: 
Scrap 8108.30.0000 5,150 $33,300 8,760 $45,300 
Unwrought: 
Sponge 8108.20.0010 256 1,860 1,420 9.500 
Ingot 8108.20.0030 252 6,000 3,760 70,600 
Other 8108.20.0090 923 16,500 159 5,270 
Wrought: 
Billet 8108.90.6010 3,500 131,000 3,660 137,000 
Bloom, sheet bar, slab 8108.90.6020 1,560 49,400 2,180 67,200 
Bar, rod, profile, wire 8108.90.6031 4,060 224,000 3,560 203,000 
Other 8108.90.8000 15,600 863,000 13,800 893,000 
Total 31,300 1,320,000 37,400 1,430,000 
Ferrotitanium and ferrosilicon titanium 7202.91.0000 3,210 17,600 3,610 17,300 
Ores and concentrates 2614.00.0000 26,600 11,000 43,000 31,900 
Pigment: 
80% or more titanium dioxide pigment 3206.11.0000 741,000 2,110,000 587,000 1,910,000 
Other titanium dioxide pigment 3206.19.0000 40,000 104,000 33,100 114,000 
Unfinished titanium dioxide? 2823.00.0000 7,160 19,700 4,570 12,700 
Total 789,000 2,230,000 624,000 2,040,000 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
?Harmonized Tariff Schedule of the United States. 
?Unmixed and not surface treated. 
Source: U.S. Census Bureau. 
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Concentrate and country 


Ilmenite: 
Australia 


Mozambique 


Ukraine 
Other 
Total 


Titaniferous slag: 


Canada 
South Africa 
Other 

Total 


Rutile, natural: 


Australia 
Sierra Leone 
South Africa 
Other 

Total 


Rutile, synthetic: 


Australia 


Other’ 
Total 


5 s А 4 
Titaniferous iron ore, Canada 


litaniferous iron ore, Canada SU 


-- Zero. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


TABLE 11 
U.S. IMPORTS FOR CONSUMPTION OF TITANIUM CONCENTRATE, BY COUNTRY! 


HTS? 
2614.00.6020 


2620.99.5000 


2614.00.6040 


2614.00.3000 


2614.00.6020 


^Harmonized Tariff Schedule of the United States. 


? All or part of these data have been referred to the U.S. Census Bureau for verification. 


2011 2012 
Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) 
244,000 $26,800 245,000 $39,900 
114,000 8,980 99,800 16,200 
10,000 2,220 -- -- 
9,340 1,540 29,400 7,080 
377,000 39,600 374,000 63,200 
191,000 90,600 303,000 203,000 
323,000 144,000 315,000 249,000 
-- -- 1 3 
513,000 235,000 618,000 453,000 
106,000 62,100 131,000 142,000 
10,100 9,030 -- — 
133,000 76,600 135,000 164,000 
13,500 9,900 10,200 17,500 
262,000 158,000 277,000 324,000 
112,000 80,300 107,000 163,000 
6,960 7,730 4,380 7,770 
119,000 88,000 112,000 170,000 
96 23 286 52 


*Includes materials consumed for purposes other than production of titanium commodities, principally heavy 
aggregate and steel-furnace flux. Titaniferous iron ore from Canada is classified as ilmenite under the HTS. 


Source: U.S. Census Bureau; data adjusted by the U.S. Geological Survey. 
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ТАВГЕ 12 
U.S. IMPORTS FOR CONSUMPTION OF TITANIUM METAL, BY CLASS AND COUNTRY! 


аа HE AM рна 
2011 "EP TE 
Quantity Value Quantity Value 
Class and country HTS? (metric tons) (thousands) (metric tons) _ (thousands) 

Waste and scrap: 8108.30.0000 
Canada 738 $4,920 757 $3,150 
France 1,790 16,100 1,950 13,000 
Germany 1,930 17,900 2,260 19,300 
Israel 523 4,490 410 3,150 
Italy 329 2,610 301 2,170 
Japan 2,260 20,100 2,040 15,300 
Korea, Republic of 655 5,960 605 4,770 
Mexico 369 1,770 34] 2,790 
Russia 158 1,240 -- = 
Singapore 179 2,000 192 2,10 
Spain 220 2,040 -- = 
Sweden : 80 755 314 2,730 
Taiwan 813 6,880 383 2,540 
United Kingdom 287 20,600 3,540 18,100 
Other 1,070 ' 8,150" 1,150 8,800 

Тога! 13,900 116,000 14,400 98,500 
Unwrought: 

Sponge: 8108.20.0010 

China 5.860 62,900 3,510 42,000 
pu = ea 16,100 176,000 18,900 241,000 

Kazakhstan‘ 8,610 81,800 8,030 398,000 | 

Russia 1,260 7,710 x * 

. Qe.  — 10 1. 1,990 20,500 a 

WES eS 33,800 349,000 30,500 681,000 

ko: WM 8108.20.0030 

. Germany _______ 344 6,310 109 1,890 

Er MEDIEN 302 5,830 401 6,620 

EX Eu 9 325 = — 

Powder: 8108.20.0015 | 

AC _ oo MM 4 905 3 i 

И ЕЕ 33 602 22 602 

у бий аа 3 369 | о 

EC s DOMENUS 8 1,480 3 m | 

uo ANM 3: 128 ' 4 4B | 

“Other аа. ов 8108200091 

China 40 663 21 n 
ЖИШШ —— 64 1,270 111 3,070 

Russia 31 304 153 3,750 
United Kingdom _______ 48 3,440 Ж; 

Other 26' 1,320 ' _21 1,760 
аи — T4 250 ug D 
Wrought products and castings: 8108.90.3030, 8108.90.3060, 8108.90.6010, 8108.90.6020, 

c C—— ОВАЛ ОО 8108.90.6075 31400 
China 958 31,400 1,010 i i 
Germany 311 10,500 ee ant 
а iod APA ue "^ 
Russia = 3,920 146.000 nae p" 
Taten 215 7.970 2 „а 100 
United Kingdom 351 28.700 64 <6 500 
Other 597 ' 40,100 ' | 302,000 

Ec —— ыла — 6820 288,000 6, 200 

Ferrotitanium and ferrosilicon titanium 7202.91.0000 2.070 11,700 2,410 + 

See footnotes at end of table. - 
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TABLE 12—Continued 
U.S. IMPORTS FOR CONSUMPTION OF TITANIUM METAL, BY CLASS AND COUNTRY’ 


“Estimated. ‘Revised. -- Zero. 


1 'Data are rounded to no more than three significant digits; may not add to totals shown. 
| *Harmonized Tariff Schedule of the United States. 


*Includes bar, billet, bloom, castings, foil, pipe, plate, profile, rod, sheet, sheet bar, slab, strip, tube, wire, and other. 


Source: U.S. Census Bureau. 


TABLE 13 
U.S. IMPORTS FOR CONSUMPTION OF TITANIUM PIGMENT, BY COUNTRY’ 


TITANIUM—2012 


2011 2012 
Quantity Value Quantity Value 

Country HTS? (metric tons) (thousands) (metric tons) (thousands) 

80% or more titanium dioxide pigment: 3206.11.0000 
Canada 79,000 $226,000 68,300 $252,000 
China 10,300 29,100 25,300 77,700 
Finland 6,790 17,200 5,990 16,100 
France ЕШ 4,910 14,500 5,110 19,900 
Сегтапу 6,450 17,400 8,380 29,100 
Italy 3,460 10,100 2,620 10,200 
Јарап mm 4,180 20,800 4,220 24,500 
Spain 2,980 8,770 3,140 12,900 
Netherlands 1,800 4,390 -- -- 
Ukraine 11,700 25,600 11,100 28,700 
Other 8,890 ' 23,900 ' 16,500 57,400 
Total 140,000 397,000 151,000 529,000 

Other titanium dioxide: 3206.19.0000 
Canada 8,820 25,900 8,190 27,600 
China 1,110 4,040 1,750 6,410 
France 174 385 427 1,510 
Germany 666 2,720 656 2,690 
Japan 552 6,670 789 6,140 
Other 853 ' 7,810 ' 1,320 10,100 
Total 12,200 47,500 13,100 54,400 

Unfinished titanium dioxide: 2823.00.0000 
China 24,200 70,800 15,800 45,700 
Czech Republic 2,460 6,390 2,620 8,680 
Finland 2,010 9,590 2,450 8,250 
. France 5,720 18,200 2,760 10,500 
Germany 4,270 9,580 3,340 9,610 
Italy 3,120 8,930 2,730 11,800 
Korea, Republic of 2,630 5,890 4,490 12,400 
Other КЕК 2,430 11,100 4,560 18,600 
Тога! 47,700 141,000 38,800 126,000 
Grand total 200,000 585,000 203,000 709,000 


"Revised. -- Zero. 


„Раја are rounded to по more than three significant digits; may not add to totals shown. 
Harmonized Tariff Schedule of the United States. 


3 è 
Unmixed and not surface treated. 


Source: U.S. Census Bureau. 
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TABLE 14 
TITANIUM: WORLD PRODUCTION OF MINERAL CONCENTRATES, BY COUNTRY? 


"Estimated. ‘Revised. -- Zero. 


Totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
?Table includes data available through June 9, 2014. | | ЕА 
3 Птепіќе is also produced in Canada and South Africa, but this output is not included here because most of it is dup iem 
of output reported under “Titaniferous slag,” and the rest is used for purposes other than production of titanium commodities, 
principally steel furnace flux and heavy aggregate. 


(Metric tons) 
Concentrate type and country 2008 2009 2010 2011 2012 
Ilmenite and leucoxene:^ 4 
Australia — — 2230,00 1,611,000 1,651,000 ' 1,501,000 1,572,000 
Brazil 130,000 € 52,800 ' 166,000 ' 166,000 ' 166,000 * 
China* 1,100,000 900,000 1,400,000 € 1,700,000 ' 1,600,000 
India‘ 610,000 700,000 540,000 550,000 560,000 
Indonesia 9,000 9,000 60,000 18,000 20,000 
_ Kazakhstan 25,000 25,000 25,000 25,000 25,000 
Madagascar is 160,000 287,000 6 470,000 660,000 
Malaysia 36,779 15,983 ‚19,036 28,782 22215 
Mozambique 328,875 471,500 ' 678,400 636,800 574,500 
Norway 915,000 671,000 864,000 ' 870,000 ' 831,000 
Sierra Leone 17,528 15,161 18,206 15,946 22,590 
Sri Lanka 22,159 122,424 52,637 52,000 * 53,000 * 
Ukraine" 520,000 500,000 500,000 260,700 ^$ 246,800 
United States^?^ ' 400,000 300,000 400,000 400,000 300,000 
Vietnam? 709,500 698,700 912,000 840,600 ' 1,143,800 
Total? 7,010,000 ' 6,260,000 ' 7,530,000 ' 7,570,000 ' 7,800,000 
Еше: 
Australia 325,000 285,000 ' 429,000 474,000 439,000 
Brazil 2,309 2,737 2,331 € 2,350 ' 1,881 
India‘ 21,000 21,000 24,000 25,000 26,000 
Madagascar? -- 3,200 5,700 9,400 ' 13,000 
Malaysia 1,834 1,502 7,567 10,810 20,008 
Mozambique 6,552 1,800 ' 4,700 € 6,455 ' 3,743 
Sierra Leone 78,908 63,864 68,198 67,916 94,493 
South Africa" 134,000 " 136,000 ' 130,000 ' 149,000 ' 150,000 
Sri Lanka 11,335 2,276 2,568 2,700 * 2,800 * 
Ukraine" 60,000 60,000 60,000 60,000 58,000 
“United States 00) qo (10) (10) ER 3 
~ Total i 641,000 ' 577,000 ' 734,000 ' 808,000 ' 809,000 
x ә „е, 11 
6 7 aim 1,000,000 765,000 1,090,000 878,000 900,000 
South Africa 1,252,000 ' 1,084,000 ' 1,252,000 ' 1,346,000 € 1,400,000 
Total 2,250,000 ' 1,850,000 ' 2,340,000 ' 2,220,000 ' 2,300,000 _ 


itani i i 1 ies; inf | ver, is inadequate to 
^&mall amounts of titanium minerals were reportedly produced in various countries; information, however, q 


make reliable estimates of output levels. 


5Excludes production of unbeneficiated anatase ore. 


Reported figure. 


"Includes rutile to avoid disclosing company proprietary data. Rounded to one АЦЕ digit. 
ЗЕН d on import statistics from trading partners (primarily China and Japan). | | 
Estimate based o р in i | аа 
includes U.S. production, rounded to one significant digit, of ilmenite, leucoxene, and rutile to avoid disc g 
proprietary data. | “a 
10 ith ilmenite to avoid disclosing company proprietary data. | — 
а i i i - is not included under “Titaniferous 
!!Glag is also produced in China, Norway, Kazakhstan, Russia, and Vietnam, but this output i 
slag" to avoid duplicative reporting. 
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TUNGSTEN 


By Kim B. Shedd 


Domestic survey data and tables were prepared by Robin Kaiser, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


In 2012, one U.S. tungsten operation produced and shipped 
ore concentrates. Most of the U.S. supply of tungsten raw 
materials comprised imports, scrap, and sales from the National 
Defense Stockpile (NDS). China continued to be the world’s 
leading producer of tungsten concentrates and the leading 
supplier of tungsten imports to the United States. U.S. apparent 
consumption decreased in 2012, as compared with that of 2011. 
World production of tungsten concentrates increased from that 
of 2011, primarily because of an increase in production from 
China (table 15). Salient U.S. tungsten statistics and world 
tungsten concentrate production for 2008—12 are listed in table 1. 

Most data in this report have been rounded to three significant 
digits. Totals and percentages were calculated from unrounded 
numbers. Unless otherwise specified, all statistics in this report 
are in metric tons of contained tungsten. Most tungsten prices 
and many tungsten statistics from other sources are quoted in 
units of tungsten trioxide (WO,). The short ton unit, which is 
used in the United States, is 196 of a short ton (20 pounds), and 
WO, is 79.3% tungsten by weight. A short ton unit of WO,, 
therefore, equals 20 pounds of WO, and contains 7.19 kilograms 
(kg) (15.86 pounds) of tungsten. The metric ton unit, which 
Is used in most other countries, is 196 of a metric ton (10 kg). 

A metric ton unit of WO,, therefore, equals 10 kg of WO, and 
contains 7.93 kg (17.48 pounds) of tungsten. 

Tungsten is a whitish-gray metal with many unique properties 
and a wide variety of commercial, industrial, and military 
applications. The leading use is as tungsten carbide in cemented 
carbides, which are wear-resistant materials used by the 
construction, metalworking, mining, and oil and gas drilling 
industries. Pure or doped tungsten metal contacts, electrodes, 
and wires are used in electrical, electronic, heating, lighting, 
and welding applications. Tungsten is also used to make 
alloys and composites to substitute for lead in ammunition and 
other products; heavy-metal alloys for armaments, heat sinks, 
radiation shielding, and weights and counterweights; superalloys 
for turbine engine parts; tool steels; and wear-resistant alloy 
parts and coatings. Tungsten chemicals are used to make 
catalysts, corrosion-resistant coatings, dyes and pigments, fire- 
resistant compounds, lubricants, phosphors, and semiconductors. 


Legislation and Government Programs 


During fiscal year 2012 (October 1, 2011, through 
September 30, 2012), DLA Strategic Materials (DLA), U.S. 
Department of Defense, sold 1,650 metric tons (t) of contained 
tungsten. At the end of the fiscal year, 533 t of committed 
tungsten in ores and concentrates and 4 t of committed 
tungsten metal powder had not yet been shipped. During the 
calendar year, DLA sold 1,820 t of tungsten. The quantities 
of uncommitted tungsten materials remaining in the stockpile 
at the end of the calendar year are listed in tables 1 and 2. 
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The 2011 Biennial Report on Stockpile Requirements listed 
tungsten ores and concentrates as a required material with an 
NDS inventory greater than the amount needed and tungsten 
metal powder as a material that was not required in the NDS 
(U.S. Department of Defense, 2013, p. 4, 8). 

The Annual Materials Plan (AMP) for fiscal year 2012, which 
represented the maximum quantities of tungsten materials that 
could be sold, is listed in table 2. The quantities of tungsten 
available for sale during fiscal year 2013 (October 1, 2012, 
through September 30, 2013) were reduced to 2,300 t of 
tungsten contained in ores and concentrates and 35 t of tungsten 
metal powder (DLA Strategic Materials, 2012). 

The Governments of the United States, the European Union, 
and Japan requested and held formal consultations with the 
People’s Republic of China at the World Trade Organization 
(WTO) concerning China’s export restraints on various forms 
of molybdenum, rare earth metals, and tungsten. When this did 
not resolve the matter, the WTO established a dispute settlement 
panel. The dispute had not been resolved by yearend (Office of 
the United States Trade Representative, undated). 

The U.S. Securities and Exchange Commission (SEC) 
established final rules for the implementation of Section 1502 of 
the Dodd-Frank Wall Street Reform and Consumer Protection 
Act, which related to the use of minerals determined to be 
financing conflict in Congo (Kinshasa) or an adjoining country. 
Section 1502 required companies for which conflict minerals 
were necessary to the functionality or manufacture of their 
products to disclose annually whether any of those minerals 
originated in Congo (Kinshasa) or an adjoining country. 
Wolframite, one of two principal minerals mined for tungsten, 
was included in the list of conflict minerals (U.S. Securities and 
Exchange Commission, 2012, p. 56274-56275). In response 
to the Act, a number of tungsten processors, in conjunction 
with the International Tungsten Industry Association and 
the Refractory Metals Association, worked to establish the 
Tungsten Industry—Conflict Minerals Council (TI-CMC). The 
TI-CMC planned to create a framework to provide assurances 
that tungsten products originating from TI-CMC compliant 
companies were conflict free (Tungsten Industry-Conflict 
Minerals Council, undated). Tungsten mine production from 
Congo (Kinshasa) and adjoining countries is typically less than 
4% of world production (table 15). 


Production 


Domestic production statistics for tungsten are based on data 
collected by the U.S. Geological Survey (USGS) by means of 
two separate voluntary surveys. Statistics that result from these 
surveys are listed in tables | and 3. The annual “Tungsten Ore 
and Concentrate Survey" covered the production, purchase, 
disposition, and stocks of tungsten ores and concentrates. In 


79.1 


2012, Curtis Tungsten, Inc. (Upland, CA) produced and shipped 
scheelite concentrates from the Andrew Mine northeast of 
Los Angeles, CA. 

EMC Metals Corp. (Vancouver, British Columbia, Canada) 
canceled the sale of its Springer complex in Pershing County, 
NV, and worked on a plan to restart production there. The 
complex comprised an underground scheelite mine, a 
beneficiation plant, and a processing circuit designed to 
produce either ammonium paratungstate (APT) or calcium 
tungstate (also known as synthetic scheelite). Although on 
care-and-maintenance status since 1982, investments had 
been made to the facilities in recent years. A preliminary 
economic analysis on Springer indicated that approximately 
1,070 metric tons per year (t/yr) of tungsten in scheelite 
concentrate could be produced during a 5-year mine life based 
on indicated and inferred resources on the property, with 
production beginning in late 2013 or early 2014 (EMC Metals 
Согр., 2012, p. 14-17). 

The USGS monthly “Tungsten Concentrate and Tungsten 
Products Survey" canvassed companies that produced tungsten 
carbide powder, tungsten chemicals, and (or) tungsten metal 
powder from APT, tungsten-bearing scrap, and tungsten 
concentrate. U.S. processors of tungsten materials operating in 
2012 are listed in table 4. 

In 2012, U.S. processors consumed less tungsten concentrates, 
APT, and scrap than they did in 2011. Domestic production 
of APT was lower than that of 2011. Total net production of 
tungsten metal powder and tungsten carbide powder decreased 
by 1894 in 2012 compared with that of 2011 (table 3). 

Niagara Refining LLC (a subsidiary of Buffalo Tungsten 
Inc.) was constructing a plant in Depew, NY, to convert 
tungsten concentrates to APT and tungsten oxides. The plant 
was permitted to produce a combined total of approximately 
2,500 t/yr (2,750 short tons per year) of APT and oxide. 
Production was to begin in early 2014 (New York State 
Department of Environmental Conservation, 2012, p. 1, 22; 
Sumitomo Electric Industries, Ltd., 2015). 

Kennametal Inc. (Latrobe, PA) announced plans to 
build an advanced recycling facility in the United States for 
reclaiming material from used cemented carbide parts, such as 
metal-cutting inserts (Kennametal Inc., 2012). 


Consumption 


U.S. apparent consumption of all tungsten materials, as 
calculated from net imports, secondary production, and changes 
in Government and industry stock levels, was 15,000 t in 2012, 
1794 lower than the 2011 apparent consumption of 18,1 00 t. 
Primary U.S. production was not available to include in the 
calculation. The decrease in apparent consumption in 2012 was 
mainly the result of lower scrap consumption and lower net 
imports compared with those of 2011. | A 

-tics on consumption of tungsten 1n end-use applications 
парни consumers Were developed from the voluntary 
: NEC Consumers Survey.” For this survey, more than 
se en consumers were canvassed on a monthly or annual 
3 За ин consumption and stocks data in tables 1 and 5 
basis. 


:nclude estimates to account for nonrespondents. 
inc 
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Total U.S. reported consumption of tungsten materials to 
make end-use products in 2012 was 7% lower than that of 
2011. Consumption to make mill products and superalloys 
was lower than that of 2011; consumption to make cemented 
carbides, steel, and other alloys was higher than that of 
2011. Compared with consumption in 2011, U.S. end users 
consumed less tungsten metal powder and tungsten scrap, and 
more ferrotungsten and tungsten carbide powder. Estimated 
consumption of tungsten compounds in chemical applications 
remained unchanged. 

Weekly reports of the number of operating drilling rigs give 
an indication of the demand for tungsten carbide in the form 
of cemented carbide components used by industry to explore 
for or produce oil and natural gas. Although the number of rigs 
operating each week in the United States trended downward 
during 2012, the average number of weekly operating rigs in 
2012 was slightly higher than the average number of operating 
rigs in 2011 (1,919 in 2012 as compared with 1,879 in 2011) 
(Baker Hughes Inc., undated). 

In 2012, total consumption of tungsten scrap by U.S. 
processors and consumers was 8,190 t of contained tungsten, 
which was 14% less than the 9,560 t consumed in 2011. 


Prices 


The weekly U.S. spot tungsten ore concentrate price reported 
by Platts Metals Week and Platts Metals Daily remained 
unchanged during the year at $320 to $330 per short ton unit 
($353 to $364 per metric ton unit). The annual average of Platts’ 
tungsten ore concentrate prices was 44% greater than that of 
2011 (table 1). The semiweekly tungsten ore price reported by 
Metal Bulletin, which had remained unchanged since late 2008, 
was discontinued in October 2012. 

The weekly U.S. APT price reported by Platts remained | 
unchanged during the year at $395 to $420 per short ton unit 
($435 to $463 per metric ton unit). The annual average of 
Platts’ U.S. APT prices was 13% greater than that of 201 l. 
U.S. APT prices reported by Metal Bulletin decreased during 
the first 5 months of the year, increased in late May, and then 
remained stable until mid-July, when they were discontinued. 
Between January and mid-July, they ranged between $370 and 
$430 per short ton unit ($408 to $474 per metric ton unit). 

In 2012, Platts’ ferrotungsten price increased and then 
decreased; it ranged from a low of $42.00 per kilogram of | ; 
contained tungsten to a high of $59.50 per kilogram of id 
tungsten. The annual average price, at $50.18 per kilogram 0 ; 
contained tungsten, was slightly less than the annual average 0 
$51.18 per kilogram of contained tungsten In 2011. 


Foreign Trade 


The tungsten content of U.S. exports was 6,730 t, D nat 
than the 7,130 t exported in 201 | (tables 6-10). The ш m 
content of U.S. imports was 11,700 t, 12% less than t dE 
imported in 2011. China, which continued to be the ie = 
supplier of imported tungsten to the United States, js 4 
41% of all tungsten imports in 2012. The tungsten d Bus 
imports from China decreased by 15% to 4,8201 e a 
5,690 t in 2011. The distribution of materials про 
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China was as follows: APT, 29%; tungsten oxide, 24%; tungsten 
carbide powder, 17%; wrought tungsten, 11%; tungsten metal 
powders and unwrought tungsten, 7% each; ferrotungsten, 

3%; tungsten waste and scrap, 1%; other tungstates and tungsten 
ores and concentrates, 0.396 each. Other significant suppliers of 
tungsten materials to the United States were as follows: Bolivia, 
10%; Germany and Portugal, 6% each; Canada, 5%; and the 
Republic of Korea, 4%. 

The tungsten contained in U.S. imports of ores and 
concentrates was slightly higher than that of 2011 (table 11). In 
2012, the leading suppliers of U.S. imports of tungsten ores and 
concentrates were Bolivia (32%), Portugal (18%), Spain (15%), 
Canada (9%), and Peru (8%). 

U.S. imports of APT were 2696 lower than those of 2011 
(table 12). China continued to be the dominant supplier, 
providing 94% of U.S. APT imports. Imports of other tungsten 
materials are presented in tables 13 and 14. 

Net import reliance as a percentage of apparent consumption 
is used to measure the adequacy of current domestic production 
to meet U.S. demand. Net import reliance was defined as 
imports minus exports plus adjustments for Government 
and industry stock changes. Releases from stocks, including 
shipments from the NDS, were counted as part of import 
reliance, regardless of whether they were imported or produced 
in the United States. In 2012, U.S. net import reliance for 
tungsten as a percentage of apparent consumption was 43%, 


because of the significant amount of tungsten consumed 
from scrap. 


World Review 


Estimated world tungsten mine production increased 
slightly from that of 2011, primarily because of an increase 
in production from China (table 15). In addition to mine 
production and tungsten recovered from scrap, tungsten 
materials from the NDS contributed to supply in 2012. 

Australia.—Tasmania Mines Ltd. (Sydney) produced a 
small amount of scheelite concentrate from its Kara open pit 
magnetite mine south of Burnie in Tasmania. 

Deutsche Rohstoff AG [(DRAG) Heidelberg, Germany] 
produced tungsten and molybdenum concentrates from its 
Wolfram Camp open pit mine and beneficiation plant west of 
Cairns, Queensland. During the year, DRAG decided to upgrade 
the plant to increase throughput and metal recovery rates, so 
that production forecasts could be met with lower than expected 
ore grades. Wolframite concentrate from Wolfram Camp 
was committed to U.S. tungsten processor Global Tungsten 
& Powders Corp. (GTP) under a 5-year offtake agreement 
(Deutsche Rohstoff AG, 2012). 

Carbine Tungsten Ltd. (Sydney) was developing its 
Mt. Carbine tungsten mine west of Port Douglas in northern 
Queensland in three stages. In 2012, Carbine began processing 
tailings generated during past mining operations and 
sold the resulting concentrates to Mitsubishi Corporation 
Unimetals Ltd. (Tokyo, Japan) under an offtake agreement, 
Carbine completed a feasibility study on the second and third 
stages of production—processing low-grade stockpiled ore 
for 4 to 5 years and open pit mining for at least 10 years. The 
study forecast that production could begin in 2014 and would 
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average nearly 2,100 t/yr of tungsten in concentrate. Carbine 
announced a strategic investment by Mota-Engil Minerals 

& Mining Investments BV (Amsterdam, Netherlands) and 
received letters of intent from an international trading house 

and a major western tungsten producer for offtake agreements 
for the concentrates to be produced. By yearend, Carbine had 
started the initial environmental permitting and engineering for 
processing stockpiled ore (Carbine Tungsten Ltd., 2013, p. 2-7). 

King Island Scheelite Ltd. (Sydney) completed a feasibility 
study on reestablishing mining and processing operations 
at the former King Island Scheelite Mine at Grassy, King 
Island, northwest of Tasmania. The company planned a 
10-year operation, first retreating tailings from former 
mining operations, followed by underground mining from 
two ore bodies. At full production, 2,780 t/yr of tungsten 
in concentrate would be produced. The project, which had 
approval for development and mining, was scheduled to 
begin production within 24 months after receiving funding 
(King Island Scheelite Ltd., 2012). 

Thor Mining PLC (London, United Kingdom) completed a 
revised feasibility study on its Molyhil tungsten-molybdenum 
project. The study proposed an open pit mine and beneficiation 
plant, to be constructed northeast of Alice Springs in the 
Northern Territory, which would produce 2,200 Џуг of scheelite 
concentrate and 1,250 t/yr of molybdenite concentrate during 
an initial 4-year life. During the second half of the year, Thor 
discussed offtake agreements and project finance with various 
companies and pursued opportunities for mine optimization 
(Thor Mining PLC, 2012, p. 2; 2013, p. 2). 

Venture Minerals Ltd. (Subiaco) completed a feasibility study 
on its Mt. Lindsay tin-tungsten project in northwest Tasmania 
and shifted its focus towards the approval process and strategies 
for offtake agreements and financing. Venture planned to mine 
the ore by open pit and underground methods for a period of 
9 years (Venture Minerals Ltd., 2012). 

Hazelwood Resources Ltd. (Perth) continued to study the 
feasibility of developing the Big Hill scheelite deposit in 
its Cookes Creek tungsten project in northwestern Western 
Australia. Once in production, concentrates from Big Hill were 
expected to be a major source of feed for the Asia Tungsten 
Products Co. Ltd. ferrotungsten plant in Vietnam (Hazelwood 
Resources Ltd., undated). 

Vital Metals Ltd. (Subiaco) continued with the feasibility 
study and environmental permitting for its Watershed project 
northwest of Cairns, Queensland. Vital was considering an 
Open pit mining operation capable of producing approximately 
1,560 t/yr of tungsten in scheelite concentrates, with an initial 
life of 6 years. The study was being funded by Japan Oil, Gas 
and Metals National Corp. (JOGMEC), which would earn a 
30% interest in the project (Strizek, 2011, p. 18). 

Austria.—Wolfram Bergbau und Hiitten AG (owned by 
Sandvik AB, Sandviken, Sweden) operated the Mittersill 
scheelite mine and beneficiation plant in the State of Salzburg, 
the Bergla tungsten processing plant, and a tungsten recycling 
unit near St. Martin in the State of Steiermark. The Mittersill 
Mine supplied approximately one-half of the feed for the Bergla 
processing plant; the remainder was reportedly imported from 
Russia (40%) and Bolivia (10%). During the year, Sandvik 
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decided to expand the St. Martin recycling unit's capacity to 
process cemented carbides (Baylis, 2013, p. 11; Sandvik AB, 
2013, p. 22). 

Brazil.—Largo Resources Ltd. (Toronto, Ontario, Canada) 
ramped up production from its Currais Novos project, which 
reprocessed tailings generated by past production from two 
former tungsten-molybdenum mines west-southwest of Natal, 
Rio Grande do Norte State. Largo was unable to reach full 
production levels during the year as planned, because water 
shortages caused by a severe regional drought led the company to 
temporarily suspend production (Largo Resources Ltd., 2012). 

Nosso Senhor de Bonfim reportedly restarted production 
at the Bonfim scheelite mine in Rio Grande do Norte State. 

The company planned to increase production from 250 t/yr 

of concentrate to 700 t/yr by yearend 2013, at which time it 
planned to begin producing ferrotungsten at a rate of 2,000 t/yr 
(Metal-Pages, 2012). 

Canada.—North American Tungsten Corp. Ltd. (NATC) 
(Vancouver) continued to invest in capital improvements to 
extend the life of its Cantung Mine in the Northwest Territories 
and to strengthen operating performance. Production of tungsten 
in scheelite concentrates increased by 1295, in spite of a 
2-week suspension of operations in June, owing to significant 
washouts on the only road to the mine. In addition, NATC 
continued to provide information to the Yukon Environmental 
and Socio-economic Assessment Board for the development 
of its Mactung scheelite deposit in the Yukon (North American 
Tungsten Corp. Ltd., 2013, p. 5-6). 

Northcliff Resources Ltd. (Vancouver, British Columbia) 
worked on the feasibility and environmental impact 
assessment (EIA) studies for its wholly owned Sisson 
tungsten-molybdenum project in New Brunswick. Northcliff 
was considering an open pit mine, a beneficiation plant to 
produce tungsten and molybdenum concentrates, and an 
onsite processing plant to convert the tungsten concentrate 
to APT. The mine life was expected to be 27 years and APT 
production was expected to average approximately 5,460 t/yr 
of contained tungsten during the first 5 years of operation and 
approximately 4,420 t/yr of contained tungsten during the life of 
the mine. Northcliff hoped to receive ЕЈА approvals and begin 
construction on the project in 2014, so that commissioning could 
begin in 2016 (Northcliff Resources Ltd., 2013). 

China.—In 2012, China's production of concentrates | 
increased to 64,000 t of contained tungsten. The Bisel USA 
of production by Province was as follows: Jiangxi (3796); 
Hunan (3396); Henan (1296); Guangxi (5%); Guangdong, Inner 
Mongolia, and Yunnan (396 each); F ujian (2 %); and ae Ў 
(0.5%). Chinese tungsten supply (mine production plus impo l 

69.000 t, domestic consumption was 32,000 t (a decrease o | 
я f ^m that of 2011), and exports were 21,000 t (a decrease of 
ie sd those of 2011), which resulted in a surplus of 16,000 t 
ten & Molybdenum Monthly, 2013b). | 
Mo sition as the world’s leading miner of 

Despite 15 p° has imported significant quantities of tungsten 
шс ыс ы years. In 2012, China imported 4,583 t of 
E slightly less than it imported in 2011 

e 
аав & Molybdenum Monthly, 2013b). 
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China's Government maintained a program to conserve its 
tungsten resources and to ensure that its tungsten supply would 
meet anticipated demand. The program included regulating the 
production of tungsten concentrates through exploration and 
mine licenses, mine closures, and production quotas; regulating 
the processing of tungsten concentrates; and regulating tungsten 
exports by issuing export licenses, adjusting export taxes, 
and restricting the volumes and types of tungsten materials 
and products that could be exported. For 2012, the tungsten 
concentrate production quota was increased by 2% to 89,000 t 
(65% WO,) and was divided into three parts— primary mine 
production, 7896; comprehensive recovery from other sources, 
2096; and an amount reserved for adjustments if necessary, 
296. Chinese mine production is typically higher than the quota. 
For example, the 2012 quota of 89,000 t (65% WO.) was 
equivalent to approximately 45,900 t of contained tungsten, 
but production was estimated to be 64,000 t of contained 
tungsten. The excess production was attributed to the many 
small producers that represent a significant portion of total 
production and on which the government policy was not well 
implemented. In 2012, China's export quota was reduced to 
15,400 t of all tungsten products, a decrease of 2% from the 
quota of 15,691 t in 2011 (Fang, 2012, p. 5, 26; Tungsten & 
Molybdenum Monthly, 20132). 

The Ganzhou Tungsten Association issued monthly 
recommended prices for tungsten concentrates, APT, 
and tungsten carbide powder; China Minmetals issued 
monthly recommended prices for tungsten concentrates 
(Tungsten & Molybdenum Monthly, 2012). 

Congo (Kinshasa).—As discussed in the “Legislation and 
Government Programs” section of this report, companies 
reporting to the U.S. Securities and Exchange Commission 
are subject to the conflict minerals rules in the Dodd-Frank 
Wall Street Reform and Consumer Protection Act with 
regard to tungsten exports from Congo (Kinshasa) and 
adjoining countries. | 

India.—Sandvik's 1,000-t/yr tungsten recycling plant in 
Chiplun operated at capacity in 2011. The company was 
considering tripling the plant's production capacity by the end of 
2015. The plant used the zinc process to treat cemented carbide 
scrap (Mining Magazine, 2012). 

Јарап.—Тће Japanese Government maintained a strategy to 
ensure the country’s supply of raw materials, including tungsten. 
The strategy included providing assistance to develop new 
mine production in other countries, increasing recycling ш, 
promoting research to reduce consumption by increasing the 
life of tungsten products or developing substitutes, and making 
improvements to the stockpiling program. One example oF its 
assistance to develop new mine production was JOGMEC 5 
involvement іп the Watershed tungsten project discussed in the 
“Australia” section of this report (Japan Oil, Gas and Metals 

tional Corp., 2011, p. 1-2). 
ioo Rennik on CR a Korea Resources ЕА 
lanned to increase its stockpile of various metals, including 
p | k the equivalent of 60 days 
tungsten. The new target was to stoc Ч 
of domestic consumption by 2016 (Park, 2011). — da) 
TE British Columbia, Canada, 

Woulfe Mining Corp. (Vancouver, наше 
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and МС International Metalworking Companies B.V. (Gouda, 
Netherlands) entered into agreements for IMC to help finance 
the reopening of the Sangdong tungsten-molybdenum mine 
southeast of Seoul in Gangwon Province. The project would 
comprise an underground mine and a beneficiation plant that 
would use mineral flotation to produce scheelite concentrate, 

an intermediate tungsten product, and a bulk sulfide concentrate 
containing bismuth and molybdenum. The companies agreed 

to establish a joint-venture company to build an APT plant in 
the Republic of Korea, which would process 90% to 100% of 
the scheelite concentrate produced from the mine and IMC 
would acquire 90% to 100% of the APT produced under an 
offtake agreement. Mine life was expected to be 11.5 years, 
with an average production of approximately 4,350 dry metric 
tons per year of APT at a grade of 88.6% WO, (approximately 
3,060 t/yr contained tungsten). Woulfe planned to have the mine 
in commercial production by late 2014 or early 2015 (Tetra Tech 
WEI Inc., 2012, p. 1-4, 1-6—1-7, 1-11; Woulfe Mining Corp., 
2013, p. 2-3, 5). 

Peru.—Malaga Inc. (Montreal, Quebec, Canada) produced 
tungsten concentrate from the Pasto Bueno Mine and 
beneficiation plant in the Ancash region. In 2012, Malaga's 
concentrate production decreased by 37%, owing to lower 
tonnage and grade of ore mined. Low ore grades resulted in 
reduced production of tungsten in concentrate, lower sales 
volumes, and higher cash cost of production, which led Malaga 
to place the operation on care-and-maintenance status during 
the fourth quarter. All concentrate from Pasto Bueno was sold to 
GTP under an offtake agreement (Malaga Inc., 2013, p. 5—8). 

Portugal.—Sojitz Beralt Tin and Wolfram (Portugal) S.A. 
(Barroca Grande) produced wolframite concentrate from 
the Panasqueira Mine and beneficiation plant in central 
Portugal. Concentrate from Panasquiera was sent to Japan, 
the United States, and elsewhere to be processed. 

Russia.—Five companies mined tungsten and produced 
concentrates. The companies, with the locations of their 
operations and listed in order of their recent share of production, 
were as follows: JSC A&IR Mining, which produced 
concentrates from ores mined by Primorsky GOK in Primorskiy 
Kray; KGUP Primteploenergo, which had the exploration and 
mining license for the Lermontov Mine in Primorskiy Kray; 
Russkaya Gornorudnaya Kompaniya (RGRK, the Russian 
Ore Mining Company), which managed JSC Novoorlovsky 
GOK in Zabaykal'sk Kray; Wolfram Company CJSC, which 
owned CJSC Buryat Wolfram in Zakamensk, Buryatiya 
Republic; and prospectors' cooperative Artel Quartz Ltd. 
(Kvarz) in Zabaykal'sk Kray. Wolfram Company (Moscow) 
Hydrometallurg plant at Nalchik, Kabardino-Balkariya 
Republic, and Kirovgradskiy Zavod Tverdykh Splavov OAO's 
Kirovgrad Hard Alloys plant in Sverdlovsk Oblast produced 
APT, tungsten anhydride, and tungsten oxide. In 2012, Wolfram 
Company developed a process to produce concentrate from its 
tailings (Gorbachev, 2013, p. 9-10). 

Rwanda.—Tinco Investments Ltd. (London, United 
Kingdom) was investing in its Nyakabingo tungsten mine, 
northwest of Kigali. Tinco planned to increase production of 
wolfram concentrates from 35 to 40 metric tons per month to 
70 metric tons per month (Tinco Investments Ltd., undated). 
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Spain.—Daytal Resources Spain, S.L. (a subsidiary of Almonty 
Industries Inc., Toronto, Ontario, Canada) worked to increase 
production from the Los Santos tungsten mine in Salamanca 
Province. During the year, the company made operational changes 
and improvements to the beneficiation plant, which led to higher 
tungsten recovery rates. Exploration resulted in an increase in 
reserves, which were expected to extend the mine’s life to 8 years 
(Almonty Industries Inc., 2013, p. 5-6). 

W Resources Plc (formerly Caspian Holdings Plc, London, 
United Kingdom) planned to produce concentrate from the 
La Parrilla tailings deposit in the Extremadura region in the 
Provinces of Badajoz and Caceres. In early 2013, the regional 
mining department granted approval for the project, which was 
to begin production during the second half of 2013 and produce 
at a rate of approximately 220 t/yr tungsten and 26 t/yr tin 
(W Resources Plc, 2013). 

Ormonde Mining plc (Dublin, Ireland) completed a feasibility 
study of its Barruecopardo tungsten project in Salamanca 
Province, continued with the mine permitting process, and 
worked on capital funding arrangements. Barruecopardo was 
the leading tungsten mine in Spain until its closure in the early 
1980s. Ormonde planned to mine the ore by conventional 
open pit methods and use gravity methods to produce scheelite 
concentrates containing an average of 1,800 t/yr of tungsten 
during the initial 9 years of operation. The company planned 
to begin project development in 2013 (Ormonde Mining plc, 
2013, p. 2, 4—6, 50). 

Sweden.—Minpro AB (Strassa) introduced a new type 
of ferrotungsten to the market. The product, named quick 
mix ferrotungsten (abbreviated FeW QM), was produced by 
leaching grinding sludge and spent cemented carbide tools, 
removing the cobalt to be sold as a byproduct, and then adding 
iron to the tungsten carbide. It was porous, which allowed 
it to dissolve more quickly in steel melts in spite of higher 
tungsten contents than those of ferrotungsten produced by 
smelting ore concentrates. Minpro's plant in Strassa had a 
production capacity of about 1,000 t/yr of ferrotungsten, which 
was estimated to be about one-third of European consumption 
(Advantage Environment, 2013; Metal Bulletin, 2013a, b). 

United Kingdom.—Wolf Minerals Ltd. (Subiaco, Australia) 
worked on redeveloping the Hemerdon Mine northeast of 
Plymouth. The project comprised an open pit mine and 
beneficiation plant that was expected to produce approximately 
2,700 t/yr of tungsten in wolframite concentrate and 450 t/yr 
of tin in concentrate for a minimum of 10 years. During the 
year, Wolf Minerals received key environmental approvals for 
the project, completed construction of a road to the property, 
secured funding to begin construction on the project, and 
signed a heads of terms offtake agreement with GTP and 
Wolfram Bergbau for the tungsten concentrate to be produced 
(Wolf Minerals Ltd., 2013). 

The British Geological Survey evaluated 41 chemical 
elements or element groups of economic value and identified 
tungsten as having a very high risk of supply disruption because 
more than 66.6% of its production was from one country 
(China). In addition, tungsten was determined to have a low 
to medium recycling rate and a limited number of substitutes 
(British Geological Survey, 2012). 
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Uzbekistan.—Open Joint Stock Company Uzbek Refractory 
and Heat-resistant Metals reportedly produced 130.8 t of 
tungsten metal from its plant in Chirchik, Tashkent region, 
2.8 times more than it produced in 2011. The tungsten 
was produced from raw material imported from Russia 
(UzDaily, 2013). 

Uzbekistan-Korea Tungsten [a proposed joint venture 
between the State Committee of the Republic of Uzbekistan 
on Geology and Mineral Resources and Shindong Resources 
Co. Ltd. (Republic of Korea)] planned to develop the Sautbay 
tungsten deposit in Navoi region. In 2012, the partners 
agreed to prepare a feasibility study on the project. Following 
completion of the study in mid-2013, the joint venture would 
be formally established. The project entailed exploration of 
the deposit and construction of a mine and beneficiation plant 
(Journal of Turkish Weekly, The, 2012). 

Vietnam.—Vietnam Youngsun Tungsten Industry Co., 

Ltd. reportedly shipped 2,700 t of ferrotungsten from its 
plant in Halong City, Quang Ninh Province. Ore from the 
Thien Ke tungsten mine in Tuyen Quang Province was used 
to produce the ferrotungsten, which was exported mainly to 
Europe, but also to Japan, the Republic of Korea, and the 
United States (Hack, 2013; Metal Bulletin, 2013c). 

At yearend, Hazelwood Resources was securing feedstock 
from overseas suppliers for its majority-owned Asia Tungsten 
Products ferrotungsten plant in the Vinh Bao district near 
the port of Haiphong. Hazelwood Resources planned to hot 
commission the plant and produce the first salable ferrotungsten 
in the March quarter of 2013. The plant had the capacity to 
produce 4,000 t/yr of ferrotungsten, containing approximately 
3.000 t/yr of tungsten, which was to be sold by Wogen 
Resources Ltd. (Hazelwood Resources Ltd., 2012). 

Masan Resources Corp. (Ho Chi Minh City) continued 
construction of its Nui Phao project in Thai Nguyen Province. 
The project comprised an open pit mine and processing 
complex to produce fluorspar, copper concentrate, APT, and 
bismuth, listed in order of annual output. Masan forecast 
APT output during the first 5 years of full production would 
average approximately 4,800 Џуг of contained tungsten. Тһе 
company planned to begin operating the processing plant during 
the second quarter of 2013 (Masan Resources Corp., 2012, 

р. 35-37, Masan Group Corp., 2013, p. 6). 


Outlook 


ten supply will continue to be dominated by 

we аео a DR The Chinese Ministry of Land 
and Resources established the total tungsten production quota 
for 2013 at 89,000 t (65% WO,), equal to that of 2012. The 
export quota for 2013 reportedly remained unchanged from that 
of 2012 (Ryan's Notes, 2012; Liu, 2013, p. 7). | | 

In the next few years, mine production from outside Chins 
| ted to increase. As discussed in the *World Review 
a nii f this report, numerous companies worked towards 
see : | tungsten deposits or restarting tungsten production 
pone ve mines in Asia, Australia, Europe, North America, 
p ae інве: The amount, location, and timing of 
aes duction will depend on the companies’ ability to 
jest ани Increased production capacity for APT and 
acq 
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ferrotungsten outside China is also planned. Scrap will continue 


to be an increasingly important source of raw material for the 
tungsten industry worldwide. 


Tungsten consumption is strongly influenced by general 
economic conditions. Future consumption of tungsten in 
cemented carbides, which is the leading end-use sector, 
will depend on the performance of the following industries: 
automotive and aircraft production; construction; electronics 
manufacturing, where cemented carbide microdrills are used 
on circuit boards; general manufacturing; large equipment 
manufacturing; mining; and oil and gas drilling. Tungsten use is 
also influenced by Government spending for defense applications. 
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Mines Information Circular 9388, 1994. 

Metal Bulletin, daily, weekly, and monthly. 

Mining & Metals Report. Interfax International Ltd., weekly. 

Platts Metals Daily, daily. 

Roskill Information Services Ltd. 

Ryan's Notes, weekly. 

Strategic and Critical Materials Operations Report to the 
Congress. U.S. Department of Defense. 

Tungsten. Ch. in Mineral Facts and Problems, U.S. Bureau of 
Mines Bulletin 675, 1985. 

Tungsten. Mineral profile. British Geological Survey, 2011. 

Tungsten Industry of the U.S.S.R., The. U.S. Bureau of Mines 
Mineral Issues, 1988. 
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TABLE 1 
SALIENT TUNGSTEN STATISTICS! 


(Metric tons, tungsten content and dollars per metric ton unit) 


Parce o ad e vom ES. "E 2008 2009 2010 2011 2012 
United States: _ 
Concentrates: 
Production NA NA NA NA NA 
Consumption W W 4,820 W W 
Exports 496 38 276 169 203 
Imports for consumption 3,990 3,590 2,740 3,640 3,650 
Stocks, December 31: 3 
Consumer W W W W W 
U.S. Government? 19,700 19,000 17,000 15,800 14,000 
Price: 
U.S. spot quotation" 184 80.5. 183 248 358 
European*? 164 150 150 150 XX 
| Ammonium paratungstate: 
| . Production W W W W W 
| Consumption‘ 9,700 6,860 10,300 ү W 
Stocks, December 31, producer and consumer W 100 62 W W 
Price: 
U.S. free тате! м, 278 204 214 370 ХХ 
U.S. market’ 260 178 186 397 449 
European free market" 249 203 244 43] 386 
Primary products: 
Net production" 8,950 5,300 8,340 7,790 6,360 
Consumption? = 12,100 7,460 10,900 12,200 11,300 
Stocks, December 31: 
Produeer 707 _ 682 678 682 653 
TB | 571 509 567 558 708 
U.S. Government" 183 17] 171 125 125 
61,900 ' 61,200 " 68,500 ' 73,900 ' 75,700 * 


World, production of concentrate 
*Estimated. ‘Revised. МА Not ava 


ilable. W Withheld to avoid disclosing company proprietary data. XX Not applicable. 


!Data are rounded to no more than three significant digits. 
?Defense Logistics Agency, DLA Strategic Materials. Data are uncommitted material only. 


? Annual average calculated from weekly prices reported by Platts Metals Week or Platts Metals Daily. 


^ Annual average calculated from semiweekly prices reported by Metal Bulletin. 
Sprice discontinued October 26, 2012. 

SReported by tungsten processors. 

"Price discontinued July 18, 2012. 


*Includes tungsten metal powder and tungsten carbide powder produced from metal powder; excludes cast and crystalline tungsten carbide powder and 


chemicals. 
Includes ammonium р 
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aratungstate and other tungsten chemicals, ferrotungsten, tungsten metal powder, tungsten carbide powder, and tungsten scrap. 
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TABLE 2 
U.S. GOVERNMENT NATIONAL DEFENSE STOCKPILE TUNGSTEN STATISTICS IN 2012"? 


(Metric tons, tungsten content) 


Inventory, yearend? Annual Sales Inventory decrease’ 
Fiscal Calendar Materials Fiscal Calendar Fiscal Calendar 
Material year year Plan? year year year? year 
| Ores and concentrates 14,200 14,000 3,630 1,610 1,820 1,610 1,780 
Tungsten metal powder | HI 125 136 39 4 39 (6) 
Total 14,300 14,100 3,760 1,650 1,820 1,650 1,780 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes stockpile- and nonstockpile-grade materials. 

*Uncommitted inventory only. Does not include material committed for sale pending shipment. 
*From previous year. Based solely on uncommitted yearend inventories. 

?Twelve-month period ending September 30, 2012. 

?Less than % unit. 


Source: Defense Logistics Agency, DLA Strategic Materials. 


TABLE 3 
U.S. NET PRODUCTION AND STOCKS OF TUNGSTEN PRODUCTS ?? 


(Metric tons, tungsten content) 


Tungsten Tungsten 
metal powder carbide powder Total 

Net production: 

2011 3,330 4,460 7,790 

2012 W W 6,360 
Producer stocks: 

December 31, 2011 273 410 682 

December 31, 2012 300 353 653 


W Withheld to avoid dislcosing company proprietary data. 


! Net production equals receipts plus gross production less quantity used to make other 
products listed. 


?Data are rounded to no more than three significant digits; may not add to totals shown. 
*Data for cast and crystalline tungsten carbide powder and tungsten chemicals are 
withheld to avoid disclosing company proprietary data; not included in "Total." 


TABLE 4 
U.S. PROCESSORS OF TUNGSTEN IN 2012! 


Company Plant location 
ATI Alldyne? Huntsville, AL. 
Buffalo Tungsten Inc. Depew, NY. 
Chem-Met Co., The _ Clinton, МР. 
Elmet Technologies, Inc. Lewiston, ME. 
General Electric Co. Euclid, OH. 
Global Tungsten & Powders Corp.” Towanda, PA. 
Kennametal Inc. Fallon, NV. 
_ Do. Latrobe, PA. 
Tungsten Diversified Industries LLCÎ White Bear Lake, ММ. 


Do. Ditto. 
' Consumers of ammonium paratungstate, tungsten-bearing scrap, tungsten 
concentrates, and (or) tungsten oxides. 


Ап Allegheny Technologies Inc. company. 
^A division of Plansee Group. 


“Joint venture of North American Tungsten Corp. Ltd., Tundra Particle 
Technologies LLC, and Queenwood Capital Partners LLC. 
*Pilot-scale operation. 
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TABLE 5 
U.S. REPORTED CONSUMPTION AND STOCKS OF TUNGSTEN PRODUCTS!” ? 


(Metric tons, tungsten content) 


L Lane <n A 
2011 2012 


Consumption by end use: 


SOUS YY ee ee 


Steels 96 123 
Superalloys 997 580 
Other alloys“ W W 
Cemented carbides” 6,760 6,800 
Mill products made from metal powder W W 
Chemical 88 88 

Total 12,200 11,300 

Consumption by form: 

Ferrotungsten 115 165 
Tungsten metal powder W W 
Tungsten carbide powder 6,850 6,950 
Tungsten scrap W W 
Other tungsten materials’ 88 88 

Total 12,200 11,300 

Consumer stocks, December 31: 

Ferrotungsten 18 W 
Tungsten metal powder 36 40 
Tungsten carbide powder 445 471 
Tungsten scrap’ 45 W 
Other tungsten materials’ 13 13 

Total 558 708 


W Withheld to avoid disclosing company proprietary data; included in “Total.” 

!Data are rounded to no more than three significant digits; may not add to totals shown. 

?Does not include materials used in making primary tungsten products. 

*Includes estimates. 

^Includes welding and hard-facing rods and materials, wear- and corrosion-resistant alloys, and 

nonferrous alloys. 

Stncludes diamond tool matrices, cemented and sintered carbides, and cast carbide dies or parts. 

*Includes tungsten bars. 

"Includes tungsten chemicals. | 
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ТАВГЕ 6 
U.S. EXPORTS OF TUNGSTEN ORES AND CONCENTRATES, ВУ COUNTRY! 


2011 2012 
Quantity Quantity 
Tungsten Tungsten 
Gross weight content? Value Gross weight content Value 

Country of destination (metric tons) (metric tons) (thousands) (metric tons) (metric tons) (thousands) 
Australia -- -- ~- 2 l $38 
Brazil 39 20 $609 15 8 259 
Canada -- -- -- 7 3 110 
China 190 98 3,720 299 154 2,480 
Germany ~- - ~- 7 4 114 
India 3 2 98 -- — -- 
Јарап -- -- =- 33 17 441 
Malaysia 3 2 46 (3) (3) 7 
Netherlands 60 31 1,140 — — -- 
Taiwan 18 9 278 -- -- -- 
Vietnam 13 7 198 30 15 348 
Other 2T 1 49 ' (3) (3) 9 

Total 328 169 6,140 394 203 3,800 


‘Revised. -- Zero. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 


"Content estimated from reported gross weight. 
?Less than % unit. 


Source: U.S. Census Bureau. 


TABLE 7 
U.S. EXPORTS OF AMMONIUM PARATUNGSTATE, BY COUNTRY"? 


TUNGSTEN—2012 


18,700 


2011 
Quantity, 
tungsten 
content Value 
___ Country of destination (metric tons) (thousands) 
Belgium 26 $557 
Finland BEEN 1 5 
Germany 566 11,200 
Hungary о ==. 152 1,730 
India 4 34 
Ttaly | © 8 
Јарап 23 335 
Mexico m 3 28 
Switzerland EN 202 4,770 
Taiwan Q) 11 
United Kingdom _ (3) 5 
Тога! 977 

-- Zero. Е 


2012 
Quantity, 
tungsten 
content Value 
(metric tons) (thousands) 
1 $9 
534 10,600 
51 820 
20 180 
| 19 
224 4,820 
(3) 6 
2 16 
833 16,500 


! Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes other ammonium tungstates, such as ammonium metatungstate. 
*Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 8 
U.S. EXPORTS OF TUNGSTEN METAL POWDERS, BY COUNTRY" 


D a SD ogee See —P SS SS ee 
2011 2012 
Quantity Quantity 
Tungsten Tungsten 
Gross weight content’ Value Gross weight content Value 
Country of destination (metric tons) (metric tons) (thousands) (metric tons) (metric tons) (thousands) 
Argentina 3 2 $195 6 $280 
Australia 3 2 175 8 7 348 
Austria 63 50 3,100 25 20 1,260 
Brazil 19 15 1,120 19 16 1,080 
Canada 151 121 9,690 149 119 9,630 
Chile 10 8 720 6 5 355 
China 40 32 2,870 26 21 2.260 
Colombia 5 4 281 2 2 114 
France 34 27 1,590 2 2 150 
Germany 176 141 13,500 156 125 13,400 
Hong Kong 3 3 125 1 (4) 31 
India 20 16 1,550 32 26 2,300 
Ireland (4) (4) 4 10 8 414 
Israel 4 3 217 10 8 530 
Јарап 13 10 979 23 19 1,990 
Korea, Republic of 21 16 1,070 10 8 581 
Mexico 31 25 1,490 12 9 813 
Norway es = m 2 2 80 
Peru 19 16 1,310 1 1 94 
Saudi Arabia 114 91 4,830 197 157 7,480 
Singapore 22 18 1,620 26 21 1,630 
South Africa 21 17 1,820 5 4 404 
Sweden (4) (4) 8 4 3 271 
Switzerland 12 10 1,040 -- = d 
Taiwan 31 25 2,440 36 29 3,300 
Thailand 2 P 98 (4) (4) 37 
Turkey O o 17 14 1,000 15 12 978 
United Arab Emirates 4 3 284 1 1 53 
United Kingdom 6 5 323 5 4 297 | 
Venezuela 4 3 284 (4) (4) 40 
Other 9r 7' 620° 6 5 583 
Total 857 686 54,300 797 637 50,800 


"Revised. -- Zero. 

!Data are rounded to no more than three significant digits; may not add to totals shown. | 
*May include tungsten alloy powders. 

* Content estimated from reported gross weight. 

“Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 9 
U.S. EXPORTS OF TUNGSTEN CARBIDE POWDER, BY COUNTRY' 


oso o oo у мш SS SS 


2011 2012 
Quantity, Quantity, 
tungsten content Value tungsten content Value 
Country of destination (metric tons) (thousands) (metric tons) (thousands) 

Australia 26 $819 11 $607 
Austria 169 5,950 79 1,910 
Belgium 2 196 1 70 
Brazil 13 431 17 824 
Canada 127 6,730 96 5,730 
Chile 1 138 2 114 
China 31 1,900 54 2,810 
Colombia Q) 19 5 156 
Czech Republic 3 137 (2) 26 
Denmark 6 280 6 262 
Ecuador 2 58 2 114 
France 20 1,070 5 212 
Germany 213 11,600 125 9,500 
Hong Kong 7 600 3 171 
India 5 275 2 152 
Indonesia 5 267 3 164 
Ireland 2 189 20 1,200 
Israel 14 189 8 172 
Italy 12 1,000 13 647 
Japan 41 1,020 28 1,400 
Korea, Republic of 6 336 7 616 
Luxembourg -- -- 2 36 
Mexico 8 474 19 1,860 
Netherlands 4 145 2 58 
Peru 8 483 9 552 
Poland (2) 43 3 119 
Saudi Arabia 15 870 5 138 
Singapore 6 411 6 643 
South Africa 16 952 8 442 
Sweden 41 1,610 33 2,080 
Switzerland 5 357 3 275 
Taiwan 60 3,720 67 4,380 
Thailand 3 213 1 65 
United Kingdom 357 18,700 197 13,400 
Venezuela 20 915 32 1,580 
Other pe QUEM И PEU 

Total 1,250 63,000 878 52,800 


Toal _ 5м x 1 CMM „ЭШИ eu = 
‘Revised. -- Zero. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 
?Less than % unit. 


Source: U.S. Census Bureau. 
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ТАВГЕ 10 
U.S. EXPORTS OF MISCELLANEOUS TUNGSTEN-BEARING MATERIALS, BY COUNTRY’ 


ee ee ee a. a 
2011 2012 
Quantity, Quantity, 
tungsten content Value tungsten content Value 
Product and country of destination (metric tons) (thousands) (metric tons) (thousands) 

Ferrotungsten and ferrosilicon tungsten: 

Belgium 8 $133 -- -- 

Mexico 1 5 1 $11 

Netherlands 11 586 -- -- 

United Kingdom 2 5 (2) 21 

Тога! 22 730 2 32 

Unwrought tungsten: ide 

Australia E 18 — -- 

Austria 17 42 43 886 

Belgium 86 361 9 32 

Brazil 14 65 46 366 

Сапада 488 2,240 609 2,710 

China 7 30 24 100 

France 30 124 39 166 

Germany 50 212 13 57 

Hong Kong -- -- 13 54 

Hungary 9 40 2 9 

India = -- 10 44 

Indonesia 33 139 14 328 

Japan 103 435 36 151 

Korea, Republic of 5 19 2 8 

Luxembourg 6 24 -- == 

Malaysia 6 27 7 29 

Mexico 76 323 25 318 

Netherlands abe Se 15 319 
аа А Ф 12 53 | 
ppm = 00 а E 64 А Е | 
_ Singapore. ____________-__. 38 164 94 406 

Switzerland = T 19 78 

Taiwan 43 163 11 45 
Lo ыы | 8 27 114 | 
Eo Sas 24 100 51 216 
— United Kingdom O 0 9 38 39 328 
EC МИН Нин - - 12 » 
E amu m 49 ' 13 б] | 
uc e а 1,070 4,720 1,290 6,920. | 


Waste and scrap: 


Las = T 47 401 
Asia 10 87 -- > 
Belgium o 2 o 154 1,300 -- ш | 
Eo CENE 7 108 13 vi 
Canada 132 1,190 120 1,160 
wo o rn 291 2,460 31 397 
CmxhRepble — 0 . 0... 25 702 172 5,590 
„ёш а o 892 7,580 534 4,520 
и — — — = н, 12 99 » : 
„Ашау у, 492 7,230 194 2,090 
_HongKong > 1 o 9 109 24 34 
_ Hungary ие 9 75 1 || 
Sor: _ лае о 4 70 23 214 
“Де = m 42 687 167 1,410 
Japan 142 1,200 515 4,350 
. Malaysia ___ o 2 15 10 91 
_ Sweden аа 319 2,700 249 2,400 
Taiwan 13 107 


See footnotes at end of table. 
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TABLE 10—Continued 
U.S. EXPORTS OF MISCELLANEOUS TUNGSTEN-BEARING MATERIALS, BY COUNTRY! 


НИ НЕ Le uu ond 


2011 2012 
Quantity, Quantity, 
tungsten content Value tungsten content Value 
Product and country of destination (metric tons) (thousands) (metric tons) (thousands) 
Waste and scrap:'—Continued 
United Kingdom 92 $1,430 414 $3,640 
Vietnam -- -- 92 776 
Other 155 134 ' 10 115 
Total 2,660 27,200 2,630 27,800 
Wrought tungsten: mm 
Austria Q) 19 10 948 
Belgium 5 661 Q) 40 
Brazil 7 517 4 706 
Canada 41 5,030 28 3,660 
China 6 1,270 16 1,960 
Costa Rica 13 1,650 14 1,810 
Czech Republic 23 2,840 17 2,140 
France 5 371 l 267 
Germany 68 7,700 45 5,600 
Hungary 2 319 3 457 
India 24 2,390 28 4,530 
Israel | 113 4 512 
Italy 1 269 3 421 
Јарап 34 7,990 13 2,460 
Korea, Republic of 2 621 3 821 
Malaysia 2 444 (2) 69 
Mexico 14 2,480 27 3,570 
Russia 1 122 3 282 
Singapore 7 1,290 10 1,440 
Sweden 4 580 1 116 
Taiwan 2 420 1 285 
United Kingdom 19 2,270 5 1,110 
Venezuela 1 78 2 182 
Other gF 1,560 ' 9 2,010 
Total 289 41,000 246 35,400 
Tungsten compounds:’ 
Canada 3 9 19 
China 1 19 3 38 
Germany 3 112 m = 
Malaysia -- -- 2 19 
Other ПИ QNEM НИ РЕН 
Total 7 165 10 88 


"Revised. -- Zero. 

!Data are rounded to no more than three significant digits; may not add to totals shown. 

?Less than V; unit. 

ЗМау include alloys. 

^Content estimated from reported gross weight. 

5Includes bars and rods produced simply by sintering; excludes powders and waste and scrap. 

éIncludes bars and rods other than those produced simply by sintering; profiles, plates, sheets, strip, and foil; wire; and other 
wrought products. 

"Includes only other tungstates. 


Source: U.S. Census Bureau. 
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TABLE 11 
U.S. IMPORTS FOR CONSUMPTION OF TUNGSTEN ORES AND CONCENTRATES, 


BY COUNTRY! 
Oe зс ы a ee ee ee SSS SS SSS SSeS 
2011 2012 
Quantity, Quantity, 
tungsten content Value tungsten content Value 
Country of origin (metric tons) (thousands) (metric tons) (thousands) 

Australia -- -- 22 $852 
Bolivia 866 $21,200 1,160 44,600 
Brazil 52 1,680 138 4,120 
Canada 110 3,620 345 10,700 
Chile 14 460 13 439 
China 49 789 14 483 
Colombia -- — 120 4,000 
Егапсе -- -- (2) 2 
Germany 1 32 38 1,230 
Israel — -- 23 364 
Mexico 5 84 18 310 
Mongolia 230 6,410 40 2,980 
Peru 429 17,900 293 11,600 
Portugal 522 21,200 656 27,900 | 
Russia -- =- 18 121 
Rwanda 11 194 11 428 
Spain 481 18,800 547 21,400 
Thailand 91 3,290 87 3,750 
Uganda 20 422 -- As 
United Kingdom 12 471 53 1,530 
Vietnam 750 22,000 46 1,380 

Total 3,640 119,000 3,650 139,000 


Soli, nn мара а ce. c MM ESS 


-- Zero. 
| Size T 
Data are rounded to no more than three significant digits; may not add to totals shown. 
?Less than “unit. \ 


Source: U.S. Census Bureau. 


TABLE 12 
U.S. IMPORTS FOR CONSUMPTION OF AMMONIUM PARATUNGSTATE, BY COUNTRY"? 


EAE ARR EM 


2011 ани Ses 
Quantity, Quantity, | 
tungsten content Value tungsten content Value 
100 qm I 1,890 $72,700 1,410 $52,700 
German —— 000 0 00 113 4,020 89 3,600 
Тарап (3) 41 -- Е 
United Kingdom — _ - - 6) а 
hl. MENORES DONNER EO ERE e 


-- Zero. 


1 

даа are rounded to по more than three significant digits; may not add to totals shown. 
Includes other ammonium tungstates, such as ammonium metatungstate. 

*Less than % unit. 


Source: U.S. Census Bureau. 
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ТАВТЕ 13 
U.S. IMPORTS FOR CONSUMPTION OF FERROTUNGSTEN AND 
FERROSILICON TUNGSTEN, BY COUNTRY! 


Ат a а на решен, стоти пева Е 


2011 2012 
Quantity, Quantity, 
tungsten content Value tungsten content Value 
Country of origin (metric tons) (thousands) (metric tons) (thousands) 
China 184 $6,950 131 $5,860 
Germany - -- 8 369 
Netherlands -- -- 2 121 
Vietnam 22 1,020 175 7,820 
Total 206 7,980 316 14,200 


-- Zero. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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TABLE 14 
U.S. IMPORTS FOR CONSUMPTION OF MISCELLANEOUS TUNGSTEN-BEARING MATERIALS 


BY COUNTRY’ 
2011 2012 
Quantity, Quantity, 
T tungsten content Value tungsten content Value 
Product and country of origi i | : 
РТ E igin (metric tons) (thousands) (metric tons) (thousands) | 
Canada 
m AREARE й 1510 ‚ 322 
T. MEM" (3) | 3 б a 
Germ 
Israel > T 
To кзн ы” p gone 179 12,600 
“Korea, Керо 311 19100 i ris 
Е са 7 162 шә 
Be o e ВМА 15 1,050 53 39 ^ 
United Kingdom 4 166 3 : =) 
Vietnam 
Other E r ko r : 298 
Total 1,370 78,200 Я ~ 
Ри ИИ 2 2 1,230 80,600 
Tungsten carbide powder: | 
Austria 
Belgium A o | 
Canada 246 13,500 X ка. 
China 654 40:000 E a 
аж , 54,900 
_Czech Republic ________ 51 4,890 = 
Finland 4 214 = Я 
Егапсе 8 563 10 916 
Germany 166 15,400 135 12,200 
— Kong : 587 2 209 
ја 508 1 || 
== 75 4,320 31 Sieh 
apan | 31 1,130 9 
Когеа, Reo of 18 1,260 19 ca 
Luxembourg — = 12 
~ Netherlands " 3 203 2 E 
Vietnam 333 22,200 16 1,250 
Other 2" 133 ' 2 171 
— Total - | 1,690 110,000 1,240 85,700 
Unwrought tungsten:” р 
Austria 3 75 2 144 
_ China 296 14,500 327 16,200 
Germany 2 301 2 251 
_ HongKong _________-- E: 2s 8 406 
Singapore — 1. 4 263 | 91 
Sweden __  _ ————— 5 280 = 5 
. United Kingdom 5 359 2 174 
M - МЕРЕ иы E 18 619 3 144 
Other __________---- ПИ НИ Е. 
Тога] 334 16,500 351 17,700 
‘Waste and scrap: — 0 — 
gc aes 103 2,590 212 3,340 
ROC AEN 30 708 30 875 
р NEMUS m 217 9,440 66 3220 
` Croatia 20 838 == > 
Czech Republic _ ud 14 541 35 1,240 
— Germany 123 2,240 187 5,040 
~ HongKong _______---- 12 628 17 647 
m | ____-- 2186 5,170 B TENE 


Inda ________- 
See footnotes at end of table. 
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TABLE 14—Continued 
U.S. IMPORTS FOR CONSUMPTION OF MISCELLANEOUS TUNGSTEN-BEARING MATERIALS, 


BY COUNTRY! 
2011 2012 
Quantity, Quantity, 
tungsten content Value tungsten content Value 
Product and country of origin (metric tons) (thousands) (metric tons) (thousands) 
Waste and scrap:— Continued 

Israel 12 $402 41 $1,340 

Japan 74 2,060 13 290 

Korea, Republic of | 163 3,990 101 2,230 

Luxembourg 46 627 184 5,370 
. Mexico 203 3,510 251 4,880 

Pakistan -- -- 17 645 

Singapore 22 281 19 307 

South Africa -- -- 37 1,100 

Sweden 39 956 69 2,120 

Thailand | 18 442 -- -- 

United Kingdom 85 3,070 42 1,740 

Other  — 29 ' 856 ' 33 1,150 

Total 2 1,370 38,300 1,500 39,900 
Wrought tungsten^ ^^ 

Austria Ec 91 18,000 56 9,940 

China = 559 35,700 523 32,300 

France 7 1,340 4 1,040 

Germany 23 3,600 17 3,270 
. Hong Kong 3 376 3 294 

Hungary 6 1,090 8 1,880 

Japan | 19 5,360 20 5,480 

Luxembourg Е 4 536 4 93 

Russia 20 2,270 13 1,470 

Singapore — | 13 2,050 24 3,250 

South Africa 6 228 || 29 

United Kingdom 3 1,040 2 682 
_ Other _ Nn M 3,000" — — 9 2,480 

Total 762 74,600 682 62,200 
Tungsten oxides: 

Belgium. | -~ -- | 35 
_ China 1,540 73,300 1,150 55,700 
__ Czech Republic 12 696 -- -- 
_ Germany TENE 4 147 10 415 

Hong Kong -~ ~- 8 385 

Japan un | I 39 1,720 -- -- 

Russia _ mE | 99 6,840 -- -- 

United Kingdom 2 160 -- -- 
_ Vietnam, rx uno H5 5,420 Em 1,510 
___ Total E. _ 1,810 88,300 1,200 58,000 
Other tungstates: 

China . | 12° 779 15 741 

Germany __ == 3 234 9 219 
India _ | MM 16 54] 7 293 
Other Е GB) |. 38 1 40 

Тога! a 31 1,590 32 1,290 
Other tungsten compounds:' 
. China _ 1 93 - a 
__Germany = 2 324 (3) 192 
__Јарап 5 1,530 7 2,270 

Russia mM 2 86 (3) 79 
____ Тога! 10 2,040 7 2,540 


‘Revised. -- Zero. 


! NE UN 
Data are rounded to no more than three significant digits; may not add to totals shown. 
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TABLE 14—Continued 
U.S. IMPORTS FOR CONSUMPTION OF MISCELLANEOUS TUNGSTEN-BEARING MATERIALS, 
BY COUNTRY! 


Мау include alloys. 
?Less than % unit. 


"Content estimated from reported gross weight. 
“Includes bars and rods produced simply by sintering; excludes powders and waste and scrap. 


Includes bars and rods other than those produced simply by sintering; foil, plates, profiles, sheets, and strip; wire; and 
other wrought products. 


"Includes tungsten chlorides. 


Source: U.S. Census Bureau. 


TABLE 15 
TUNGSTEN: WORLD CONCENTRATE PRODUCTION, BY COUNTRY"? 


(Metric tons, tungsten content) 


Canada 


______ —-—— 


Australia 28 33 16 15 80 

Austria 1,122 887 977 706 ' 800 

Bolivia 1,148 1,023 1,204 1,124 1.270 

Brazil 408 192 166 300 ' 300 P 

Burma" 136 87 163 140 ^* 140 

Bunmdi 125 79 107 160 ' 160 

Canada 2:277] 1,964 420 1,967 2,194 P3 

China*? 50,000 51,000 59,000 61,800 64,000 | 

Congo (Kinshasa) ' 370 200 ie E | 
08 270 100 1 

a 142 39 20 13 a | 

Peru 456 502 571 439 276 | 

mu = дү тс шш 982 823 799 819 763 ` | 

Russia 3,163 ' 2,665 ' 2.185 3,314" 3,000 | 

Tic јури ние ПАРИ ин ИВЕ 670 450 390 640 ' 80 | | 

COD ctp ш ааш 150 * 200 * 229 497 52! | 

Thailand  —- 420 190 ' 300 ' 160" o 

United States NA NA NA NA NA | 
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*Esti Ppreliminary. ‘Revised. NA Not available. -- Zero. 

не уы data are rounded to D Е ма three significant digits; may not add to totals shown. 

? i data available through February 21, : | 

ouis ion are thought to be produced in Colombia, Mexico, and Nigeria, А а аи ар 
tungsten ores in Kyrgyzstan, but information is inadequate to ed Peleus estimates о pro ue ion. g је $ о 
wolfram) mining in the Phuoc Trung Commune of the Bac Ai Disttiet Ninh Thuan Province in Southern Vie 

ARUM was halted by the District People's Committee in April 2008. " "—m 

^Includes tungsten content of tin-tungsten concentrate produced by state-owned mining ещегри | 
of Mines. 

pas xen i i Metals Industry of China. 

Based upon data published in the Yearbook of Nonferrous Meta's M RN 

TProduction estimated based on reported ы from Nord-Kivu and Sud-Kivu Fr 

Production estimated based on Chinese imports. 

?Data based on production reported by Malaga Inc. | м 

10Based upon data from the Department of Primary Industries and на Ра 

!'Mine production reported by the International Tungsten Industry Association. 
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VANADIUM 
By Désirée E. Polyak 


Domestic survey data and tables were prepared by Wanda G. Wooten, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


In 2012, reported vanadium consumption in the United States 
was 3,980 metric tons (t) of contained vanadium, a 496 decrease 
from the revised quantity of 2011 (table 1). The United States 
imported (measured in vanadium content) 4,190 t of 
ferrovanadium (FeV), 1,640 t of vanadium pentoxide (V,O,), 
and 905 t of other oxides and hydroxides of vanadium 
collectively valued at $147 million (table 4). Total imports for 
consumption of these vanadium materials increased by 14% 
from those of 2011. The United States exported 337 t of FeV, 

62 t of V.O,, and 287 t of other oxides and hydroxides of 
vanadium collectively valued at $15.7 million (table 4). Total 
exports of these vanadium-bearing materials increased by 3% 
from those of 2011. 

Vanadium's primary use is as a hardening agent in steel, in 
which it is critical for imparting toughness and wear resistance. 
These properties are especially important in high-strength 
low-alloy (HSLA) steels. Catalysts represented the leading 
nonmetallurgical use for vanadium. 

Secondary vanadium production from various industrial waste 
materials, such as vanadium-bearing fly ash, petroleum residues, 
pig iron slag, and spent catalysts, was the leading source of 
U.S. vanadium production. A small amount of vanadium 
was obtained as a coproduct from the mining of uraniferous 
sandstones on the Colorado Plateau. Fewer than 10 firms, 
primarily in Arkansas, Ohio, Pennsylvania, and Texas, processed 


waste materials to produce FeV, V,O,, and vanadium metal. 


Legislation and Government Programs 


In August, the U.S. International Trade Commission (ITC) 
voted unanimously to revoke the existing 108% antidumping 
duty on FeV and nitride vanadium from Russia. The 
antidumping duty on Russian FeV had been in effect since July 
1995. Many U.S. producers anticipated that the 5-year sunset 
review would result in the ITC agreeing that terminating the 
duty would lead to continuation or recurrence of material injury. 
Instead, the ITC determined that revoking the duty would not 
be likely to lead to continuation or recurrence of material injury 
within a reasonably foreseeable period of time 
(Ryan’s Notes, 2012). 


Production 


The major vanadium commodities comprise aluminum- 
vanadium master alloys; FeV; vanadium-bearing ash, residues, 
and slag; vanadium chemicals; and V.O, and other oxides 
and hydroxides of vanadium. In 2012, companies in the 
United States produced all of these materials with the exception 
of vanadium-bearing slag from the manufacture of iron and 
steel. Vanadium-containing steels can be subdivided into 
microalloy or low-alloy steels that generally contain less than 
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0.15% vanadium and high-alloy steels that contain as much as 
5% vanadium. 

Uranium production from carnotite ores creates a vanadium- 
bearing waste solution that must be neutralized to fix the heavy 
metals before waste disposal. An alternative treatment is a 
circuit which extracts vanadium and produces V.O.. In June 
2012, Energy Fuels Inc. (Toronto, Ontario, Canada) acquired 
the U.S. Mining Division of Denison Mines Corp. (Toronto, 
Ontario, Canada), which included the White Mesa uranium 
processing mill, near Blanding, UT. White Mesa processed 
feed from its own Colorado Plateau ores as well as uranium/ 
vanadium ores purchased from independent miners. For every 
1 kilogram (kg) of triuranium octoxide concentrate (yellowcake) 
produced, White Mesa's vanadium coproduct recovery circuit 
produced approximately 4 kg of vanadium in the form of V. O.. 
Energy Fuels reported no М,О, production or У.О, sales in 
2012. However, the company was expected to sell an estimated 
860 to 900 t V,O, in 2013 (Energy Fuels Inc., 2012). In the first 
half of 2012, before Energy Fuels acquired the White Mesa 
Mill, Denison announced that vanadium production at its White 
Mesa Mill was expected to be 272 t V,O, in 2012 
(Denison Mines Corp., 2012). 

In December, American Vanadium Corp. (Vancouver, 

British Columbia, Canada) submitted a plan of operations for 
its Gibellini project in Nevada to the U.S. Bureau of Land 
Management. The plan covered mine design, processing 
facilities, and eventual reclamation. The plan also included 

a micro-grid design using solar power generation and a 
vanadium storage battery, which was expected to be capable of 
powering the mine offgrid (American Vanadium Corp., 2012). 
In September 2011, the company completed a feasibility study 
that projected annual production of 5,170 t of У,О,, with a total 
capital cost of $95.5 million, including contingencies 
(Metal-Pages, 2011). 

EVRAZ Group S.A. comprised Nikom in the Czech Republic, 
Strategic Minerals Corp. (Stratcor Inc.) in the United States and 
South Africa, Vametco Alloys Proprietary Ltd. in South Africa, 
and Vanady Tula in Russia. Stratcor operated a facility in Hot 
Springs, AR, where vanadium ash, residues, and other raw 
materials were converted into vanadium alloys and vanadium 
chemicals used by the chemical, steel, and titanium industries 
(EVRAZ Group S.A., 2013, p. 49—50). 

EVRAZ reported total FeV production in 2012 decreased 
by 14% to 14,381 t FeV compared with 16,683 t FeV in 2011. 
ЕУКА7 2012 FeV production at its facilities increased 15% to 
7,259 t FeV (2,715 t FeV at Vanady Tula; 4,544 t FeV at Nikom) 
compared with 6,321 t FeV in 2011 (2,562 t FeV at Vanady 
Tula; 3,759 t FeV at Nikom). EVRAZ's 2012 production of 
oxides, vanadium aluminum, and chemicals increased by 4.1% 
to 1,330 t compared with 1,277 t in 2011. Output of oxides, 


vanadium aluminum and chemicals was only 186 t in the fourth 
quarter compared with 443 t in the third quarter (EVRAZ Group 
S.A., 2013, p. 50). EVRAZ attributed the overall decreases 

to problems with primary feedstock availability following 
significant disruptions to supplies as a result of a major 
explosion at a third party's operation. EVRAZ also announced 
that production of oxides, vanadium aluminum and chemicals in 
the first quarter of 2013, was potentially affected by scheduled 
maintenance work at its Hot Springs plant. To potentially 
mitigate the adverse impact of disruptions, Stratcor's electrical 
equipment was expected to be upgraded in order to process 
vanadium-bearing slag (Ryan's Notes, 2013a). 


Consumption 


The U.S. Geological Survey (USGS) derived vanadium 
consumption data from a voluntary survey of domestic 
consuming companies. For this survey, more than 80 companies 
were canvassed on a monthly or annual basis. 

Metallurgical applications continued to dominate U.S. 
vanadium use in 2012, accounting for 94% of reported 
consumption (table 2). In 2012, approximately 3,000 t of 
vanadium was consumed in titanium alloy production. 
Vanadium consumption in titanium alloys was expected to reach 
6,000 t in 2016 (TTP Squared Inc., 2013, p. 20). 

Nonmetallurgical applications included catalysts, 
ceramics, electronics, and vanadium chemicals. The dominant 
nonmetallurgical use was in catalysts. A number of vanadium 
chemicals were used in catalysts which were used in the | 
manufacturing process of some important industrial chemicals 
and in the cleaning of industrial process waste streams. | 

Most vanadium is consumed in the form of FeV, which is 
used as a means of introducing vanadium into steel to provide 
additional strength and toughness. FeV 15 available as alloys 
containing either 45% to 50%, or 80% vanadium. The 45%- to 
50%-grade FeV is produced by silicothermic reduction of V,O, 
in slag or other vanadium-containing materials. Most of the 
80%-grade FeV is produced by aluminothermic reduction of 
V.O. in the presence of steel scrap or by direct reduction in an 

zm 


electric arc furnace. 


Prices 


In 2012, the annual average price for domestic Ге 

ublished in Ryan's Notes, ranged from $14.038 to 
a 728 per pound of vanadium content, compared with 
os 7 $15.004 рег pound reported in 2011. In 2012, zs 

| an annual average price for FeV, ranged from $24.786 to 
ae kilogram, compared with $28.533 to $29.273 per 
ps p 2011. The Ryan's Notes published annual average 
joda V.O. ranged from $6.231 to $6.762 per pound 
i 720 5 ааа with $6.563 to $6.960 per pound in 2011. 
in , 
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concentrates, slag, or petroleum residues (table 7). The leading 
vanadium-producing nations remained China, South Africa, and 
Russia. Japan and the United States were thought to be the only 
countries to recover significant quantities of vanadium from 
petroleum residues. 

World vanadium reserves, at more than 13 million metric tons 
(Mt), are likely sufficient to meet vanadium needs into the next 
century at the present rate of consumption. Increased recovery 
of vanadium from fly ash, petroleum residues, slag, and spent 
catalyst is not taken into account and is expected to extend the 
life of the reserves significantly. 

Australia.—Midwest Vanadium Pty. Ltd.’s (subsidiary of 
Atlantic Ltd.) Windimurra project continued to ramp up annual 
production to a capacity of 6,300 t of contained vanadium in 
2013. Following construction and commissioning completion 
in late 2011 and the first FeV production in January 2012, the 
Windimurra project achieved its first shipment of FeV in May 
2012. The Windimurra project is approximately 600 kilometers 
(km) north of Perth, in Western Australia. The production of 
FeV from vanadiferous magnetite involves production of a 
magnetite concentrate via crushing, screening, grinding, and 
magnetic separation. The magnetite concentrate then is roasted 
with soda ash in a rotary kiln. The roasted ore 15 leached 
with water, followed by desilication using sulfuric acid and 
aluminum sulfate. Precipitation of ammounium metavanadate 
using ammonium sulfate follows, and the ammonium 
metavanadate is reduced to vanadium trioxide and finally to FeV 
(Atlantic Ltd., 2012, p. 6, 8, 9). 

Brazil.—Construction at Largo Resources Ltd.'s (Toronto, 
Ontario, Canada) 100%-owned Maracas vanadium project 
commenced in June 2012. The company set a production target 
for the fourth quarter of 2013, with expected production of 
11,400 t V,O, equivalent during a 29-year mine life. Largo had 
an offtake agreement with Glencore International ple for 100% 
of the material for the first 6 years. The Maracas property is 
located 813 km northeast of Brasilia (Largo Resources Ltd., 
2013). 

Canada.—Apella Resources Inc. (Vancouver) approved plans 
to change the company’s name to PacificOre Mining Corp., 
effective May 2012. According to the company, it changed 15 
name to clearly distinguish itself from existing and potential 
competitors in the iron ore, vanadium, and titanium industry 
(PacificOre Mining Corp., 2012c). In early 2012, Apella decide 
on a strategy of placing three of its vanadium-iron-titanium 
assets—the Game Changer project, the Iron-T project, and the 
Lac Dore project—into wholly owned subsidiaries dedicated 
primarily to those particular assets. Funds to develop jn " 
projects were held within subsidiaries; therefore, share u 
to the company as a whole was expected to be avoided. n 
February 2012, Apella sold its Lac Dore pr oject in it 
Quebec to its wholly owned Prestige Mining Resources t 
Ltd. unit. In early March, the first phase of exploration i 
on Lac Dore was completed. The exploration work pn Ne 
reestablishing and extending the previous grid, establishing 
a minimum of three permanent benchmarks for ADS s previo 
infrastructure and mine construction, and survey! A В 
historic drill holes, trenches, and stripping ee "c phase 
feasibility study. It was anticipated that the Eso 
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of diamond drilling, upon completion, would bring the Lac Dore 
project to prefeasibility study level (PacificOre Mining Corp., 
2012a). 

In March, Apella sold its Iron-T vanadium-iron-titanium 
project to its wholly owned subsidiary, Power Vanadium Corp. 
Apella was expected to act as operator of the Iron-T project 
and would receive a management fee totaling 1596 of Power 
Vanadium’s total expenditures in each fiscal year. Power 
Vanadium was expected to deliver a feasibility study for the 
project by the end of July 2014. The latest resource estimate for 
the project, completed in May 2011, included results from the 
company's previous exploration activities (PacificOre Mining 
Corp., 2012b). 

China.—The Chinese vanadium industry continued to feel 
pressure from niobium substitution, particularly in HSLA 
steels. The amount of niobium additives in steel production is 
only about one-half that of vanadium; therefore, to achieve the 
same effect, about 3,000 t of ferroniobium can substitute for as 
much as 7,000 t of 50% grade FeV (Metal-Pages, 2010). The 
substitution of ferroniobium, however, is only economic at very 
high vanadium prices. 

China's consumption of vanadium was expected to increase 
substantially as grade 2 rebar (0% V content) was being 
phased out and being replaced with the new grade 3 rebar 
(0.03% V content). Requirement for the use of the new grade 
3 rebar was expected to take effect starting July 2012. In 
2012, 166 Mt of Chinese rebar was produced comprising 
86 Mt of grade 2 rebar and 66 Mt of grade 3 rebar. Once 
fully implemented, the new China grade 3 rebar standard was 
expected to increase global vanadium demand (TTP Squared 
Inc., 2013). 

China was expected to continue to move towards more 
efficient use of its vanadium resources and development of 
higher strength steels requiring vanadium to supports its 
ongoing infrastructure development, and control vanadium 
production to support its domestic economic development 
(TTP Squared Inc., 2013). 

Czech Republic. —Nikom (part of the EVRAZ Group) had 
an annual capacity of 4,455 t of FeV production and delivered 
most of its products to North America (5896) and Europe (2096) 
(EVRAZ Group S.A., 2013, p. 49–50). 

Japan.—In 2012, Japan's imports of FeV decreased to 4,291 t 
compared with 4,792 t in 2011. Japan's FeV production increased 

16% to 4,121 t in the first 11 months in 2012 compared with 
3,551 t for the same period in 2011, according to the Ministry of 
Economy, Trade, and Industry (Ryan's Notes, 2013b). 

Russia.—The Vanady Tula facility, 200 km south of Moscow, 
joined EVRAZ in 2009. Vanady Tula has an annual capacity 
of 5,000 t FeV and 7,200 t У,О, in its electrometallurgical and 
hydrometallurgical plants (EVRAZ Group S.A., 2013, 

p. 49-50). In 2012, Vanady Tula produced 7,117 t of V.O, 

and 2,715 t of FeV. Also in 2012, a program of operational 
improvements was undertaken to increase V,O, production 
capacity at Vanady Tula. Additional work continued on the pulp 
filtration plant, with the aim of improving working conditions, 
cutting operational losses, and increasing М,О, production in 
2013 (EVRAZ Group S.A., 2013, р. 50-52). 
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South Africa.—In February 2012, EVRAZ Highveld 
transferred mining rights for the Mapochs Mine, 140 km 
northeast of eMalahleni, to Mapochs Mine Proprietary 
Limited, as well as 23% of the shareholding to Umnotho Iron 
and Vanadium Proprietary Ltd. (EVRAZ Highveld Steel and 
Vanadium Ltd., 2013, p. 10). EVRAZ also announced that, as of 
2012 yearend, it would sell its stake in EVRAZ Highveld Steel 
and Vanadium (EVRAZ Group S.A., 2013, p. 110). 

EVRAZ Highveld produced 43,132 t of vanadium slag 
in 2012 compared with 61,083 t of vanadium slag in 2011. 

The 29% decrease was attributed to the labor unrest at the 
company during the third quarter as well as the nationwide 
transportation strike. The Steelworks, the eMalahleni-based 
operating division of EVRAZ Highveld, comprised the iron 
plant, the steel plant, the vanadium slag plant, the flat products 
mill, and the structural products mill. The iron plant treats the 
magnetite ore in a prereduction process in 13 rotary kilns. Once 
reduced, hot metal is produced in four open-slag bath furnaces 
and two submerged-arc furnaces. Vanadium slag is extracted 

in four shaking ladle emplacements in the steel plant and then 

is crushed, milled, and packaged for sale to Hochvanadium 
Handels GmbH at the vanadium slag plant. Hochvanadium 

(a 100%-EVRAZ Highveld subsidiary in Europe), supplied 
vanadium slag to Treibacher Industrie AG for further processing 
into vanadium products, primarily FeV, for steelmaking in 

the European market. Toll conversion of vanadium slag to 
products such as modified vanadium oxide and Nitrovan® is also 
undertaken by Vametco, in Brits, North West Province (EVRAZ 
Highveld Steel and Vanadium Ltd., 2013, p. 10-12). Vametco 
has an annual capacity to produce 3,600 t of vanadium trioxide, 
a high purity product used in a variety of applications, including 
batteries and catalysts. Vametco also has an annual capacity to 
produce 2,900 t of Nitrovan®, a vanadium-nitrogen alloy, which, 
according to the company, strengthens steel more effectively 
than FeV. Output of Nitrovan® at Vametco in 2012 was 2,723 t 
compared with 2,874 t in 2011 (EVRAZ Group S.A., 2013, 

p. 49—50). 

Xstrata ple (Zug, Switzerland) announced that its Rhovan 
vanadium facility, 30 km northwest of Brits, produced 1,880 t 
of FeV in 2012, a 5% increase compared with 1,790 t of FeV 
produced in 2011. The facility produced 9,630 t of V.O, in 
2012, a slight increase compared with 9,540 t of V,O, produced 
in 2011 (Xstrata plc, 2013, p. 35). 


Outlook 


Vanadium consumption is heavily influenced by steel 
production, especially the production of high-strength steel 
grades. High-strength steels are increasing in use as the 
construction, energy, and transportation industries seek to 
maximize the strength and to minimize the weight of their 
products. Other end-use industries for vanadium also show 
potential growth. Aerospace applications are rapidly expanding, 
and vanadium consumption has been increasing with the 
introduction of the next generation of commercial aircraft. The 
quest for fuel efficiency is key in the aerospace industry but also 
extends to automobiles, high-speed drilling, powerplants, and 
rail cars. 
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Vanadium is becoming more widely used in green technology 
applications, especially in battery technology. One battery 
technology showing promise in stabilizing energy distribution 
in renewable systems is the vanadium redox battery (VRB), 
which consists of an assembly of power cells in which two 
vanadium-based electrolytes are separated by a proton exchange 
membrane. The main advantages of the VRB are that it can 
offer almost unlimited capacity simply by using sequentially 
larger storage tanks, can be left completely discharged for long 
periods of time with no ill effects, can be recharged by replacing 
the electrolyte if no power source is available to charge it, and 
suffers no permanent damage if the electrolytes are accidentally 
mixed (Johnstone, 2008). The VRB also may have relatively 
low environmental impact compared to other energy storage 
technologies. 

The outlook for the vanadium market in 2013 appears to be 
strong. Increasing steel demand projected through at least 2015, 
mandates for higher quality steel in emerging markets, and the 
potential for a whole new battery market, were expected to 
contribute to increased vanadium consumption (World Steel 
Association, 2013). However, the precise rate of growth in 
consumption was expected to depend on a number of factors, 
most notably new regulations for Chinese high-strength 
construction steel, which have the potential to significantly 
increase vanadium demand. Fluctuation in the supply and 
demand balance has resulted in significant volatility in 
vanadium prices during the past few years (Roskill Information 
Services Ltd., 2013). Global production has been disrupted by 
power shortages in South Africa and labor disputes in Russia. 
However, a number of new projects were expected to become 
operational in the short term, aiming to meet future increases in 
vanadium demand, despite these issues. 
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TABLE 1 
SALIENT VANADIUM STATISTICS! 


(Metric tons of contained vanadium, unless otherwise specified) 


РЕ 2008 2009 2010 2011 2012 
United States: 
Production, ore and concentrate, recoverable vanadium? 520 230 1,060 590 272 
Consumption, reported 5,170 4,690 5.030 4,140 ' 3,980 
у Imports for consumption: 
> Ferrovanadium 2,800 353 1,340 2,220 4,190 
Vanadium pentoxide (anhydride) 3,700 1,120 4,000 2,800 1,640 
4 Other oxides and hydroxides of vanadium 144 25 167 886 905 
: Ash and residues” 1,040 791 _ _521 1,420 2,040 
: Exports: 
Е Ferrovanadium 452 672 611 314 337 
Vanadium pentoxide (anhydride) 249 401 140 98 ' 62 
Other oxides and hydroxides of vanadium 1,040 506 1,100 254 287 
Stocks, end of period: 
Ferrovanadium 229 232 181 126 ' 167 
Oxide 24 5 5 W W 
Other’ 82 58 62 67' 56 
World, production from ore, concentrate, slag 62,000 ' 59,000 ' 72,000 © 74,000 ' 74,000 


*Estimated. 'Revised. 


! Data are rounded to no more than three significant digits. 
^Denison Mines Corp. Web site. 
3 Ash and residues from the manufacture of iron and steel. 


“Consists principally of vanadium-aluminum alloy, small quantities of other vanadium alloys, vanadium metal, and ammonium metavanadate. 


TABLE 2 
U.S. CONSUMPTION OF VANADIUM, BY END USE AND FORM! 


(Kilograms of contained vanadium) 


2011 2012 
End use: 
Steel: 

Carbon 815,000 ' 759,000 
___Еш!аПоу MEQUE 1,530,000 ' 1,510,000 
..  Highe-strength low-alloy mE W 
= Stainless and heat resisting 61,500 

Tool mn vM 165,000 

Total . 2,400,000 ' 2,500,000 
Cast irons -- 
Superalloys E | 16,400 ' 9,050 

. Alloys (excluding steels and superalloys): 
Welding and alloy hard-facing rods and materials — 1,660 ' 1,660 
Other alloys? И W 

Chemical and ceramic uses: 

__ Catalysts mE W 

Pigments Ш "o W 

Miscellaneous and unspecified СЕ5 5 1,720,000 ' 1,470,000 
___ Grandtotal | 4,140,000 ' 3,980,000 
Form: O 0. | 
_ Ferrovanadium _ mM | 3,240,000 ' 3,140,000 
. Other’ EE |... 900,000 ' 839,000 

Total 4,140,000 ' 3,980,000 


'Revised. W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous and 


unspecified." -- Zero. 


1 tee bs t o 
Data are rounded to no more than three significant digits; may not add to totals shown. 


Includes magnetic alloys. 


Consists of vanadium-aluminum alloy, vanadium pentoxide, quantities of other vanadium alloys, 


vanadium metal, and ammonium metavanadate. 
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TABLE 3 

U.S. IMPORTS AND EXPORTS OF ALUMINUM-VANADIUM MASTER ALLOYS 
AND VANADIUM METAL, INCLUDING WASTE AND SCRAP! 

Aluminum-vanadium 


Unwrought aluminum-vanadium Vanadium metal, including 


80.6 


master alloy? master alloy waste and scrap 
Quantity, Quantity, Quantity, 
gross weight gross weight gross weight 
(kilograms) Value (kilograms) Value (kilograms) Value 
Imports for consumption: 

A l 86,100 $2,460,000 278,000 $1,210,000 43,900 $1,930,000 
Australia 45,100 1,030,000 -- == > РА 
Belgium Mae 758 17,400 -- -- га = 
China 971 26,600 78,200 460,000 -- -- 
Germany 12,300 423,000 -- -~ 154,000 4,840,000 
Hong Kong 31 8,250 -- = E - 
Netherlands -- — 24,600 221,000 & > 
Russia 56,000 1,500,000 22 ©: аа 
United Kingdom 360 10,100 -- — - 

Total 115,000 3,010,000 103,000 681,000 154,000 4,840,000 
Exports: 
2011 318,000 10,000,000 881,000 " 2,170,000 ' 102,000 3,340,000 
2012: 
Australia 8,090 661,000 2,840 25,100 76 2,940 
Belgium 20,400 1,320,000 691 8,980 -- - 
__ Bolivia -- -- 3,710 48,200 -- 
Brazil -- -- 4,400 57,200 -- - 
Canada -- -- 398,000 1,020,000 -- - 
China xm -- -- 19,100 156,000 -- 
Colombia -- -— 20,400 62,800 ~- : 
France 307 43,400 -- -- -- ка 
Germany 490 18,900 -- -- 107 6,650 
Hong Kong t = = 5,240 83,000 т ~ 
India -- -- 36,500 297,000 -- = 
Israel -- -- 4,690 67,300 = z 
Italy 226 37,500 18,700 246,000 =- » 
__ Japan 37,500 995,000 29,300 710,000 25,500 671,000 
Korea, Republic of 295 16,400 4,100 72,300 == X 
Kuwait -- -- 24,000 103,000 "e 
— Latvia 352 13,600 53 -: 5 5 
Mexico a 3 У 196,000 509,000 218 8,400 
Е У а 20,300 53,800 > 4 
Netherlands 19,400 530,000 1,520 20,500 NS E 
New Zealand -- -- 9,320 51,000 x 
Nigeria zs -- 30,400 142,000 е 
Реги " a 141 2,840 > 
Philippines -- -- 1,170 15,300 б 
Poland -- -- 368 4,790 T 
Romania 6,490 230,000 >> di B 
Russia 254,000 6,870,000 vy 25 r -- 
Saudi Arabia Es -- 360 9,190 83 6,240 
Singapore -- oe 808 10,500 > > 
Taiwan 7.400 301,000 = ay 3 я 
Тигкеу M > 769 10,000 79 3,050 
United Kingdom 77,000 2.400,000 90,000 1,340,000 MTM 
Venezuela 25 -- NEMUS NE == 76000 _ 69800 Ц 
Тога] 432,000 13,400,000 — 924000 5140009 ar E 
"Revised. -- Zero. | i > 09.200. 
'Data are rounded to no more than three significant digits; may not add to totals shown. d Tariff Schedule code $112.77 


? Aluminum-vanadium master alloy consisting of 35% aluminum and 64.596 vana 


Source: U.S. Census Bureau; data adjusted by the U.S. Geological Survey. 
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ТАВГЕ 4 


U.S. IMPORTS AND EXPORTS OF FERROVANADIUM, VANADIUM PENTOXIDE (ANHYDRIDE), AND 
OTHER OXIDES AND HYDROXIDES OF VANADIUM! 


Vanadium pentoxide Other oxides and 


Ferrovanadium (anhydride)? hydroxides of vanadium 
Quantity, Quantity, Quantity, 
V content V content V content 
(kilograms) Value (kilograms) Value (kilograms) Value 
Imports for consumption: 

2011 2,220,000 $64,600,000 2,800,000 $45,800,000 886,000 $17,400,000 

2012: 
Austria 444,000 1 1,900,000 59,000 803,000 101,000 2,330,000 
Canada 832,000 22,500,000 -- -- -- = 
China -- -- 513,000 7,170,000 -- -- 
Czech Republic 2,080,000 50,800,000 65,300 745,000 -- -- 
Germany 1,410 107,000 1,250 62,200 -- -- 
India 26,100 631,000 -- -- -- Е 
Korea, Republic of 803,000 - 22,400,000 39,400 452,000 -- -- 
Russia -- -- 94,500 745,000 -- -- 
South Africa -- -- 760,000 14,000,000 804,000 10,500,000 
Taiwan -- -- 101,000 2,360,000 -- – 
Thailand -- — 8,830 245,000 | -- o = 
Total 4,190,000 108,000,000 1,640,000 26,500,000 905,000 12,800,000 

Exports: _ 

2011 314,000 9,970,000 97,600 ' 1,650,000 ' 254,000 2,390,000 

2012: 
Austria -- -- -- -- 14,400 128,000 
Brazil -- -- 103 5,200 18,500 271,000 
Сапада 221,000 7,330,000 -- -- 1,740 33,700 
China mE = = -- > 15,300 230,000 
Columbia 160 8,130 -- -- 2,970 13,900 
Germany -- -- 417 13,400 90,800 1,250,000 
Hong Kong = -- -- -- -- 767 6,830 
Italy -- -- 14,400 249,000 -- -- 
Јарап 11,600 372,000 4,100 43,900 4,090 72,900 
Korea, Republic of 5,440 285,000 923 8,030 -- -- 
Мех!со 50,800 1,310,000 2,610 80,800 52,600 496,000 
Netherlands — 5 = = -- 41,200 366,000 
Реги 32,600 888,000 -- -- -- -- 
Russia m a ss 2 34,100 597,000 
Saudi Arabia mM = " 27,800 581,000 = =- 
Spain - = Е 8,700 134,000 - = 
Thailand -- -- 200 7,200 -- = 
Trinidad and Tobago 15,000 774,000 2,610 40,000 9,690 67,600 
United Kingdom _ ДЕЕ с ЕЧИШ р -- -- 542 8,350 
Тога! 337,000 11,000,000 61,800 — 1,160,000. ___ 287,000 3,540,000 


МАМАРТЈМ— 2012 


"Revised. -- Zero. 


! Data are rounded to no more than three significant digits; may not add to totals shown. 
Мау include catalysts that contain vanadium pentoxide. 


Source: U.S. Census Bureau. 
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ТАВТЕ 5 
U.S. IMPORTS FOR CONSUMPTION OF VANADIUM-BEARING ASH AND RESIDUES"? 


uet E uei Le mee a HE с„ a э у 


2011 2012 
Quantity, Quantity, 
V5Oj content V,0;° content 
і Country (kilograms) Value (kilograms) Value 
Belgium 43,400 $257,000 17,400 279,000 
Canada 1,300,000 781,000 1,470,000 4,060,000 
Mexico 7,580 30,300 435,000 4,600,000 
Netherlands -- -- 23,700 233,000 
Qatar -- -- 55,100 443,000 
Saudi Arabia 62,200 459,000 -- -~ 
Thailand -- -- 6,850 55,100 
United Kingdom 5,950 43,000 26,500 213,000 
Total 1,420,000 1,570,000 2,040,000 9,880,000 

-- Zero. 


'Рата are rounded to no more than three significant digits; may not add to totals shown. 
? Ash and residues from the manufacture of iron and steel. 
?V,0, vanadium pentoxide. 


Source: U.S. Census Bureau. 


TABLE 6 
U.S. IMPORTS FOR CONSUMPTION OF MISCELLANEOUS VANADIUM CHEMICALS? 


2011 2012 
Quantity, Quantity, 
V content V content 
Material and country (kilograms) Value (kilograms) Value | 
Sulfates: | 
Belgium 18,900 $439,000 6,000 $53,900 | 
China 23,100 290,000 23,100 306,000 | 
India = 5 11 11,000 
Јарап 144 8,680 -- -- 
Total а 42,200 738,000 29,100 370,000 
Vanadates: 
Austria 7,010 140,000 15,800 345,000 
China 46,600 1,560,000 46,400 1,450,000 
Germany 7,790 312,000 832 74,000 
India 99 4,750 -- -- 
_ Japan 49 2,610 208 34,900 
Netherlands | 5,620 131,000 -- =e 
South Africa 224,000 5,100,000 213,000 4,200,000 
Taiwan 12,000 147,000 238 14,500 
United Kingdom -- -- 3,370 67,000 
— Total 303,000 7,400,000 280,000 — 6,190,000 
-- Zero. 


"Рака аге rounded to no more than three significant digits; may not add to totals shown. 
Comprises vanadium ore and miscellaneous vanadium chemicals. 


Source: U.S. Census Bureau. 
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TABLE 7 
VANADIUM: ESTIMATED WORLD PRODUCTION, BY COUNTRY? 


(Metric tons, vanadium content) 


Country 2008 2009 2010 2011 2012 

Production from ores, concentrates, slag:° 
China’ 26,000 ' 29,000 ' 32,000 ' 36,000 ' 39,000 
Kazakhstan pet ow F sut zait == 
Киззја 14,500 14,500 15,000 15,000 ' 15,000 
South Africa 20,295 > 14,353 ? 22,606 ? 21,652 "> 19,500 
United States“ É 520 230 1,060 590 272 
Total’ 61,100 ' 58,000 ' 71,000 ' 74,000 ' 74,000 
Petroleum residues, ash, and spent catalysts, Japan? 560 560 560 560 560 
Grand total’ | 62,000 ' 59,000 ' 72,000 ' 74,000 ' 74,000 


‘Revised. -- Zero. 
‘World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


Хр addition to the countries listed, vanadium is also recovered from petroleum residues in Germany and several other European countries, but 
available information is insufficient to make reliable estimates. Table includes data available through May 29, 2013. 


"Production in this section is credited to the country that was the origin of the vanadiferous raw material. 


“То convert vanadium content to gross weight (V20; in vanadiferous slag), divide by 0.56. УО; content in vanadium slag is estimated to be 17%. 
Data rounded to two significant digits. 


‘Reported figure. 


*In 2008, Denison Mines Corp. began producing vanadium as а coproduct from mining uraniferous sandstones. Source: Denison Mines Corp. Web 
site. 


"Totals and grand totals are rounded to two significant digits. 


®Production in this section is credited to the country where the vanadiferous product is extracted; available information is inadequate to permit 
crediting this output back to the country of origin of the vanadiferous raw material. 


VANADIUM—2012 


Google 


» Google 


VERMICULITE 


By Arnold O. Tanner 


Domestic survey data and tables were prepared by Raymond I. Eldridge III, statistical assistant, and the world production 
table was prepared by Glenn J. Wallace, international data coordinator. 


In 2012, production of vermiculite concentrate decreased by 
more than 10%, although reportable production remained at an 
estimated 100,000 metric tons (t), because data are rounded to 
the nearest 100,000 t to avoid disclosing company proprietary 
data. Worldwide vermiculite production was about 380,000 t 
in 2012, an 8% decrease from that of 2011. About 60,000 t of 
exfoliated vermiculite was sold or used in the United States in 
2012, down from 64,000 t in 2011. U.S. exports of vermiculite 
were estimated to be about 2,000 t, about the same as in 2011, 
and imports were estimated to be 57,000 t, an increase of 7% 
from that of 2011 and about 16% more than the average imports 
of the previous 5 years (tables 1, 3, and 4). 


Production 


Vermiculite is a hydrated magnesium-aluminum-iron 
silicate; flakes of raw vermiculite concentrate are mica-like 
in appearance, contain water molecules within their internal 
structure, and range in color from black to various shades 
of brown to yellow. When the flakes are heated rapidly to a 
temperature of 900 °С or higher, the water flashes into steam, 
and the flakes expand into accordion-like particles, which 
are gold or bronze in color. This expansion process is called 
exfoliation, and the resulting lightweight material is chemically 
inert, fire resistant, and odorless. Two U.S. producers accounted 
for all domestic crude vermiculite production. Virginia 
Vermiculite LLC mined and processed vermiculite concentrate 
at its operation in Louisa County, VA, and Grace Specialty 
Vermiculite (a subsidiary of W.R. Grace & Co.) did the same 
at its operations at Enoree and Woodruff, SC. Domestic 
production (sold or used) data for vermiculite were collected 
by the U.S. Geological Survey (USGS) from two voluntary 
canvasses. Of two companies that mined and processed 
vermiculite ore into a concentrate, one company responded to 
that survey. Of the 18 exfoliation facilities, eleven responded 
to the canvass, representing about 64% of the 2012 production 
tonnages (tables 1, 3), up from slightly less than 5096 of the 
production tonnages from the same number of respondents in 
2011. Production data for nonrespondents in each survey were 


estimated based upon previous years' reported production levels. 


Vermiculite concentrate was shipped to exfoliating plants 
for conversion into the expanded lightweight products. The 
resulting output of about 60,000 t of exfoliated vermiculite sold 
or used by producers was valued at about $44 million in 2012. 
Although output decreased by about 6% from 64,000 t in 201 1, 


the average unit value increased by about 1194 in 2012 (table 1). 


Exfoliated vermiculite, from domestic and imported vermiculite 
concentrate, was produced by 15 companies operating 18 plants 
in 11 States (table 2). Of the 18 exfoliation plants, 11 responded 
to the annual canvass, representing 6496 of the estimated sold 
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or used exfoliated vermiculite tonnages listed in tables 1 and 3. 
States that produced exfoliated vermiculite were, in descending 
order of estimated output sold or used, South Carolina, 

New Jersey, Pennsylvania, Florida, Massachusetts, Illinois, 
Arizona, Arkansas, Ohio, New Mexico, and Texas. 


Consumption 


Vermiculite has a wide range of uses because of its various 
attributes, including fire resistance, low thermal conductivity, 
high liquid absorption capacity, inertness, and low density 
(table 3). In lightweight aggregate applications, vermiculite 
is used in general building plasters and concrete products for 
its lightweight and thermal insulation properties, It may be 
used alone or combined with other lightweight aggregates, 
such as perlite. Special plasters include fire protection and 
soundproofing through products in which vermiculite is 
combined with a binder, such as gypsum or portland cement, 
fillers, and specialized additives (Roskill Information Services 
Ltd., 2004, p. 103). Vermiculite can absorb liquids, such as 
fertilizers, herbicides, and insecticides, which can then be 
transported as free-flowing solids. 

As insulation, exfoliated vermiculite, sometimes treated with 
a water repellent, is used to fill pores and cavities in masonry 
construction and hollow blockwork to enhance acoustic 
properties, fire rating, and insulation performance. Finer grades 
of exfoliated vermiculite, combined with potassium or sodium 
silicate, are used to produce insulation shapes. The ability of 
vermiculite-base insulation shapes to resist attack by molten 
aluminum makes them especially useful as secondary insulation 
in the aluminum production process (Roskill Information 
Services Ltd., 2004, p. 112). 

In horticulture, exfoliated vermiculite improves soil aeration 
and moisture retention. When mixed with peat or other 
composted materials, such as pine bark, vermiculite produces 
a product well suited as a growing medium for plants. As a soil 
conditioner, exfoliated vermiculite can improve the aeration 
of “sticky” soils (containing clay) and the water-retention 
characteristics of sandy soils. This allows for improved 
watering and reduces the likelihood of compaction, cracking, 
and crusting of the soil. Vermiculite is used in the fertilizer 
and pesticide markets because of its ability to act as a bulking 
agent, carrier, and extender (Roskill Information Services Ltd., 
2004, p. 108—109). 

Other uses include refractory-insulation gunning and 
castable mixes and vermiculite dispersions. Finer grades of 
exfoliated vermiculite are used to partially replace asbestos 
in brake linings, primarily for the automotive market 
(Roskill Information Services Ltd., 2004, p. 112-113). 


Google 


Prices 


Published prices for vermiculite serve only as a general 
guide because of variations in application, quantity, source, and 
other factors. U.S. domestic prices for vermiculite concentrate, 
ex-plant, largely dependent on grade sizing, ranged from $145 
to $525 per metric ton in 2012, an increase from 2011 prices 
that ranged from $115 to $460 per ton. The value of imports into 
the United States in 2012, mostly coarser grades, f.o.b. (free on 
board) barge Gulf Coast port, ranged from $440 to $900 per ton 
(Moeller, 2012, 2013). Coarser grained vermiculite, with greater 
thermal expansion, commands a higher price, but virtually none 
is produced in the United States. 

The average unit value of U.S. exfoliated vermiculite sold or 
used by producers, using actual and estimated data, was about 
$749 per ton in 2012, an 11% increase from $672 per ton in 
2011; this unit value includes exfoliated vermiculite produced 
from U.S. and imported concentrate (table 1). 


Foreign Trade 


Trade data for vermiculite concentrate are not collected 
as a separate category by the U.S. Census Bureau but are 
included within the category “vermiculite, perlite, and chlorite, 
unexpanded” under Harmonized Tariff Schedule of the 
United States code 2530.10.0000. Trade data in this report are 
from PIERS, а U.S. trade database compiled by the Journal 
of Commerce (United Business Media Global Trade, 2013). 
Total U.S. exports of vermiculite in 2012 were 1,800 t, with the 
United Kingdom receiving 66%; Italy and Colombia, about 5% 
each; and Israel, Honduras, and the Netherlands, about 4% each, 
with the remainder to several other countries. Total U.S. imports 
of vermiculite—crude, concentrate, and exfoliated—(excluding 
any material from Canada and Mexico) were estimated to 
be about 57,000 t, the majority coming from South Africa, 
47%; Brazil, 30%; and China, 21%. Concentrates of coarser 
particle size from higher yielding deposits, which have been 
increasingly in short supply in recent years, are imported mostly 
from China and South Africa. 


World Review 


Vermiculite production decreased by 8% globally in 2012 to 
380,000 t (table 4), mainly owing to a significant decrease in 
production by the world’s leading producer, Palabora Mining 
Co. Ltd. (a subsidiary of Rio Tinto plc) in South Africa. 
Production increases at Basil Minerios Ltd.’s vermiculite 
mines in Brazil and Gulf Industrials Ltd.’s Namekara Mine 
in Uganda were less than expected. Although mines and 
prospects in Brazil, South Africa, and Uganda might increase 
the availability of medium to coarser grades, expected | 
production increases in 2012, especially of coarser grades, did 
not materialize. After mid-year, prices for finer grades tended 
to decrease slightly in Europe where demand анын mostly 
owing to a continued sluggishness in the region S construction 
industry. Coarser and more expensive grades, increasingly in 
higher demand in recent years, continued to be in short supply 
(Palabora Mining Co. Ltd., 2013, p. 51). Imerys Industrial 
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Minerals closed its Australian Vermiculite Industries Pty. Ltd. 
Mud Tank Mine in Western Australia and conducted intermittent 
mining operations at Samrec Vermiculite Ltd.'s Shawa Mine, in 
Shawa, Zimbabwe (Moeller, 2013). 

Brazil.—In 2011, Brasil Minérios Ltd. had an annual 
production capacity of nearly 70,000 t of vermiculite at its 
São Luís De Montes Belos Mine near Goiânia in central Brazil. 
The company exported 60% of its product, with 40% going to 
North America. With reserves estimated at 1.2 million metric 
tons (Mt) of vermiculite ore, the company increased production 
capacity to 80,000 metric tons per year (t/yr) of vermiculite in 
2012 (Elliott, 2011b, c, d; 2012b; Moeller, 2013). 

Near Brasilia in Catalão, Goiás State, Brasil Minérios owned 
the mining rights to vermiculite deposits containing estimated 
vermiculite ore reserves of 2 Mt (Elliott, 2011b). The company 
planned to begin production at the Catalão Mine and reach 
production capacity of 20,000 t/yr in 2013 and 100,000 t/yr 
in 2016, bringing Brasil Minérios' total production capacity, 
including the São Luís Mine, to 200,000 t/yr in 2016 (Elliott, 
2011c; 2012a, b). Brasil Minérios expected to meet the 
domestic and export demand for vermiculite for 50 years. Brasil 
Minérios has two exfoliation plants—one in Sanclerlandia, 
Goiás State, and another in Cosmopolis, Sao Paulo State—with 
combined installed capacity of 15,000 cubic meters per month 
(Brasil Minérios Ltd., 2013). 

China.—lmerys' (Paris, France) Xinjiang Yuli Xinlong 
Vermiculite Co. Ltd., which reopened in late 2011, ramped up 
operations at the company's Xinlong Mine (Xinjiang Province) 
following the curtailment of vermiculite mining during 2010 
as part of an Imerys group restructuring (Elliott, 20126). 
The company's leading product was a scale-shaped flake 
vermiculite concentrate ranging in size from 0.3 millimeter to 
8.0 millimeters. The company exported most of its products, 
but also sold domestically. With an annual production — - 
capacity of 120,000 t vermiculite concentrate, Xinjiang Yuli 
Xinlong Vermiculite reported production of about 80,000 tof 
vermiculite concentrate in 2011 and was expected to increase 
production to 100,000 t in 2012, although other sources 
estimated vermiculite production in China to be much lower. 
The company also was able to produce 30,000 cubic meters 
per month of exfoliated vermiculite (Elliott, 2011d; 
Xinjiang Yuli Xinlong Vermiculite Co., Ltd., 2013). » 

South Africa.—In 2012, South Africa was the world's Ses 
producer and exporter of vermiculite, accounting for about 37% 
of estimated world production. From 2000 to 2011, on average, 
89% of the vermiculite produced in South Africa was exported 
(Directorate Mineral Economics, 2012, p. 1) NN А 

From its mine in Limpopo Province, Palabora jas 0. 

- managed the world's largest vermiculite operations: 
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vermiculite product has continued to shift toward the fine and 
superfine grades (Palabora Mining Co. Ltd., 2013, p. 51, 149). 
Production of all grades of vermiculite at Palabora's current 
South African deposit has decreased, and production of 
sufficient quantities of coarse-grained grades to meet the 
substantially increasing world demand has become increasingly 
challenging for the company (Elliott, 2011c). 

Palabora reported a net loss of $11 million for its South 
African copper and vermiculite business in 2012. With a 
combined 75% company stake, Rio Tinto (58%) and Anglo 
American plc (1796) announced an agreement to sell Palabora 
Mining to a consortium of South African and Chinese private 
and parastatal companies, led by Chinese Hebei Iron and 
Steel Group and the Industrial Development Corp. of South 
Africa Ltd. In 2013, Rio Tinto completed the sale of its stake 
for $373 million (Lismore and Bariyo, 2013). Based upon 
the company's latest exploration of properties adjacent to or 
nearby the company's vermiculite mine operations, Palabora 
had recently determined that it could double annual vermiculite 
production and extend mine life (Elliott, 20122). 

Uganda.—Gulf Industrials Ltd. (Sydney, Australia), slowed 
by abnormally wet weather and electric supply difficulties 
during the first 4 months of the year, operated at a reduced rate 
at its 30,000 yr Namekara Vermiculite Project in the Manafwa 
district of eastern Uganda. At midyear, the company achieved a 
production rate of 22,000 t/yr, having completed plant expansion 
and improvements, including a new drier, magnetic separator, 
and standby generator. Shortly thereafter, the operation reduced 
production to 18,000 t/yr before ceasing production altogether 
on October 25, when it placed the mine on care and maintenance 
owing to poor market conditions. Although no vermiculite was 
produced, removal of overburden continued (Gulf Industrials 
Ltd., 2012, 2013). 

The Namekara deposit has about 55 Mt of inferred 
resources—including significant quantities of coarse and 
medium grades of about 30% each—and has sufficient resources 
to operate for more than 50 years at planned rates of production 
(Elliott, 2011a; Gulf Industrials Ltd., 2011, p. 2—4). 

United Kingdom.—In January, industrial trials commenced 
on e2v technologies plc's first commercial field installation of 
its ProWave™ microwave processing system for the exfoliation 
of vermiculite concentrate at Silvaperl (a product division 
of William Sinclair Holdings PLC). The initial 6-month trial 
included the supplying of Silvaperl's customers with the 
vermiculite they ordered, while simultaneously processing 
vermiculite concentrates from most major sources worldwide 
to identify the system requirements and modifications needed 
to optimally process vermiculite of varying grain sizes and 
contaminant and water content (Fernandez, 2012). 


Outlook 


Exploration and development of vermiculite deposits 
containing medium grade to premium coarse grades (mostly 
in China and South Africa) are likely to continue to be driven 
by the increasing demand for these larger grades. During 
the next several years, operations in Brazil and Uganda 
are expected to help maintain regional and global supplies, 
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mostly medium grade to small grades from Brazil and higher 
percentages of medium grade to premium coarse grades from 
Uganda (Elliott, 2012b). The Namekara Mine is expected to 
reopen in 2013-14, contingent upon improvements in demand 
from the European (construction) market and completion of 
upgrades to the Uganda and Kenya rail transportation system to 
provide Gulf Industrials with quicker and more cost-effective 
transportation to market (Uganda Radio Network, 2013). 

Although increased demand and tight supplies for coarser 
grades of vermiculite continued globally, prices for vermiculite, 
which stabilized somewhat in 2012 following the price hikes of 
2011, were expected to be mixed through 2014. After an easing 
of the oversupply of finer grades in 2012, in part owing to the 
decreased production in South Africa and the less-than-expected 
production in Uganda, prices for those grades may stabilize in 
the near term. 

With supplies of finer grades far exceeding coarse grades, 
producers will continue to look for more ways to use finer 
grades in existing products, such as fireproofing, insulation, 
and brake pads. Product lines may be developed for new uses, 
such as micron-sized grades of vermiculite to absorb mine 
water or to replace zeolite in ion-exchange columns. Innovative 
approaches to existing technologies, such as Brazil Minérios 
Ltd.'s unique hybrid wash screen-dry winnower, hold promise 
for high-quality, cost-effective improvements in processing 
vermiculite concentrate using conventional technologies 
(Elliott, 2012b; Moeller, 2013). 

Owing to the energy-intensive process associated with the 
exfoliation of vermiculite in traditional blast furnaces, prices for 
exfoliated vermiculite are likely to continue to be affected by the 
volatility of natural gas costs (Elliott, 2012b). Because up to 8% 
of vermiculite is not fully exfoliated in traditional blast furnace 
processing, new technologies, such as the new microwave 
technology for processing vermiculite, which has a more 
consistent heating of all the vermiculite flakes, could increase 
yield and substantially reduce the energy needed to exfoliate 
vermiculite concentrate. Successful development of microwave 
technology could alter the way that vermiculite is exfoliated 
worldwide (Moeller, 2012). 

Continued growth in the global economy is expected, 
particularly in developing countries and in regions where the 
construction industry is recovering more quickly. Coupled with 
the International Monetary Fund's (2013, p. 2) forecast for 
U.S. economic growth of 1.896 and 2.8% in 2013 and 2014, 
respectively, and global economic growth of 3.5% and 3.8% 
in 2013 and 2014, respectively, U.S. and world production and 
sales of vermiculite may increase similarly in 2013 and 2014. 
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TABLE 1 
SALIENT VERMICULITE STATISTICS! 


(Thousand metric tons and thousand dollars unless otherwise specified) 


ooon’ ———— 


2008 2009 2010 2011 2012 


United States: 
“ Production, concentrat®?? № № 100 __ 10 1% 

Exfoliated:* 
Quantity 82 64 ' 66 ' 64° 60 
—Wwue ^^ орлоо 33,00 41200 42900 44400 
Exports” 5 3 2 2 2 
World, production 413° 409 ' 417' 412 380 


World production AE  40' 47" 2 = 


*Estimated. ‘Revised. 


Гаја are rounded to no more than three significant digits unless otherwise specified. 


26014 or used by producers. 


3Rounded to the nearest 100,000 metric tons to avoid disclosing company proprietary data. 


^Based on rounded data. 
Source: PIERS. 
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TABLE 2 
ACTIVE VERMICULITE EXFOLIATION PLANTS IN THE 


Therm-O-Rock East, Inc. 


Washington Pennsylvania. 


UNITED STATES IN 2012 
Company County State 

Isolatek International Inc. Sussex New Jersey. 
J.P. Austin Associates Inc. Beaver Pennsylvania. 
Palmetto Vermiculite Co. Inc. Spartanburg South Carolina. 
P.V.P. Industries, Inc. Trumbull Ohio. 
Schundler Co., The Middlesex New Jersey. 
Southwest Vermiculite Co., Inc. Вета о New Mexico. 
Specialty Vermiculite Corp. Maricopa Arizona. 

Do. Broward Florida. 

Do. Laurens South Carolina. 
Sun Gro Horticulture Canada Ltd. Jefferson Arkansas. 

Do. LaSalle Illinois. 
Thermal Ceramics Inc. Macoupin Do. 


Therm-O-Rock West, Inc. Maricopa Arizona. 
Verlite Co. Hillsborough Florida. 
Vermiculite Industrial Corp. Allegheny Pennsylvania. 
Vermiculite Products Inc. Harris Texas. 
Whittemore Co., Inc. Essex Massachusetts. 
Do. Ditto. 

TABLE 3 


ESTIMATED EXFOLIATED VERMICULITE SOLD OR 
USED IN THE UNITED STATES, BY END USE! 


(Metric tons) 

2011 2012 
Aggregates” 10,600 ' 9,870 
Insulation” 2,900 ' 3,260 

Agricultural: 
~ Horticultural 19,6007 20,000 
Soil conditioning 5 10,300" 10,100 
_ Fertilizer carrier mM W W 
Hu Total | | m B А W W 
Oh __ w w 
Grand total __ 64,000" 60,000 


"Revised. W Withheld to avoid disclosing company 
proprietary data; included in “Grand total.” 


Data rounded to no more than three significant digits; may 
not add to totals shown. 


?Includes concrete, plaster, and premixes (acoustic insulation, 
fireproofing, and texturizing uses). 


*Includes loose-fill, block, and other (high-temperature and 
packing insulation and sealants). 


“Includes various industrial and other unspecified uses. 
*Rounded to two significant digits because of estimated data. 
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TABLE 4 


VERMICULITE: WORLD PRODUCTION, BY COUNTRY"? 


Country 
Argentina 
Australia! 


Brazil, concentrate 

Bulgaria" 

China‘ 

Egypt 

India" 

plo e me Be кыыз Oe ть 


Kenya 


CPI oe a a L aa 


C^ T ETE 
South Africa 


Ereignis iir st ee SEED 


Uganda 

United States, concentrate, sold and used by producers^ z 
PETS ts DACA ONS SPARS бы aT агы НЕ 
Zimbabwe 


TN РИ ae ЕНЕ 


Total 


*Estimated. "Preliminary. "Revised. NA Not available. -- Zero. 


(Metric tons) 


2008 
1,813 
NA " 
32,503 
12,000 * 
7,560 


11,742 * 


6,000 
320 
25,000 
199,764 


T 


-- 


100,000 
16,123 
413,000 ' 


2009 
2,150 
NA‘ 
50,438 
12,000 * 
4,500 
12,000 
6,000 
315 
25,000 
193,334 


r 


100,000 
3211 
409,000 ' 


2010 
2,500 ' 
МА ' 
49,976 
3,000 
15,000 " 
2,865 ' 
12,000 
6,000 
395 
25,000 
199,285 
1,121" 
100,000 


r 


417,000 ' 


! World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


? Includes data available through July 17, 2014. 


? Australia produced vermiculite, but available information i 


‘Reported figure. 


5Rounded to one significant digit to avoid disclosing company proprietary data. 
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s inadequate for the formulation of reliable estimates. 


2011 Р 
L000" 1,000 
NA' M 

55,000" 50,000? 

15,000" 18,600 
15,000" 15,000 
3,000 ' 3.000 
13,000 3.000 
5,000 6,000 
515' <n 
25000 25,000 
170,571" 1400000 
7960' 8000 
100,000 100,000 
412,000 380,000 
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WOLLASTONITE 
By Robert L. Virta 


Domestic survey data were prepared by Jesse J. Inestroza, statistical assistant. 


Wollastonite was mined by two companies in the 
United States in 2012. U.S. production data collected by 
the U.S. Geological Survey (USGS) are withheld to avoid 
disclosing company proprietary data. In 2012, the leading 
U.S. wollastonite producer was sold. Exports of wollastonite 
were estimated to be less than 10,000 metric tons (t), but were 
thought to be slightly greater than those of 2011. Imports of 
wollastonite were estimated to be less than 4,500 t in 2012. 
Worldwide sales of refined wollastonite products were estimated 
to be in the range of 500,000 to 540,000 t in 2012 compared 
with 480,000 to 520,000 t in 2011. 

Wollastonite, a calcium metasilicate (CaSiO,), has an 
ideal composition of 51.7% silicon dioxide and 48.3% 
calcium oxide but can also contain trace to minor amounts of 
aluminum, iron, magnesium, manganese, potassium, sodium, 
or strontium substituting for calcium. Wollastonite occurs in 
the form of prismatic crystals that break into tabular-to-acicular 
fragments. It is usually white but also may be gray, cream, 
brown, pale-green, or red depending on the impurities and 
grain size. Wollastonite is used primarily in automobile brakes, 
ceramics, metallurgical processing, paint, and plastics. Some 
of the properties that make it so useful are high brightness and 
whiteness, low moisture and oil absorption, low volatile content, 
and the acicular nature of some wollastonite. 


Production 


Wollastonite has been mined commercially in California and 
New York. The California deposits, which are in Inyo, Kern, and 
Riverside Counties, were mined between 1930 and 1970. These 
operations were limited in size, producing only a few thousand 
metric tons each year for ceramics, decorative stone, paint, and 
mineral wool production. 

Wollastonite deposits in New York have been mined for more 
than 50 years. Two companies mined wollastonite in 2012. 
NYCO Minerals, Inc. (a subsidiary of S&B Industrial Minerals 
S.A., Athens, Greece) operated a mine in Essex County. R.T. 
Vanderbilt Co., Inc. (through its Gouverneur Mineral Division) 
operated a mine in Lewis County. The NYCO deposit contains 
diopside, garnet, and wollastonite. Parts of the deposit contain 
up to 60% wollastonite. The ore was processed at the Willsboro, 
NY, plant, where the garnet was removed using high-intensity 
magnetic separators. NYCO also chemically modified the 
surfaces of some of its wollastonite products to improve their 
performance. R.T. Vanderbilt's deposit consists primarily of 
wollastonite with minor amounts of calcite and prehnite and trace 
amounts of diopside. The ore was processed at the company's St. 
Lawrence County plant, where it was milled and air classified. 
R.T. Vanderbilt also produced surface-treated products. 

S&B Industrial Minerals acquired Rolling Rock Minerals 
Inc., а U.S. investment firm based in Denver, CO. Rolling Rock 
Minerals was the parent company for NYCO, Minera Roca 
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Rodando S. de R.L. de C.V., and The American Tripoli Co. 
NYCO indicated that the purchase by S&B would not affect 

the operation of its wollastonite facilities in New York and 
Mexico. The purchase was made by S&B to allow it to diversify 
its product portfolio and increase its presence in value-added 
markets (NYCO Minerals, Inc., 2012). 


Consumption 


The USGS does not collect apparent consumption or end-use 
data on wollastonite. Based on company press releases, general 
overview articles, U.S. manufacturing trends, and previously 
published consumption estimates, the U.S. end-use distribution 
for wollastonite was probably about the same as that of 2011. 
Plastics and rubber applications were estimated to account for 
30% to 35% of U.S. sales, followed by ceramics with 20% to 
25%; metallurgical applications, 10% to 20%; paint, 10% to 15%; 
friction products, 10% to 15%; and miscellaneous, 10% to 15%. 

Ceramic applications probably accounted for 30% to 40% of 
wollastonite sales worldwide, followed by polymers (plastics 
and rubber) with 30% to 35% of sales, and paint with 10% to 
15% of sales. The remaining sales were for construction, friction 
products, and metallurgical applications. 

Some increases in domestic wollastonite consumption in 2012 
probably occurred in friction material, metallurgical, plastics, 
and rubber markets, based on increased industrial output of 
those manufacturing sectors in the United States. Commercial 
and residential construction, where wollastonite may be used 
in products such as adhesives, caulks, ceramics, paints, stucco, 
and roof coatings, increased in 2012 so sales of wollastonite into 
those markets likely were slightly greater than those of 2011. In 
2012, market distribution for wollastonite in Europe probably 
was similar to that in the United States, although increases in 
those markets probably were slight because of the lingering 
economic instability in the region. In Asia and South America, 
where economic growth has been stronger, increased wollastonite 
consumption was likely more uniform across all markets. 

In ceramics, wollastonite decreases shrinkage and gas 
evolution during firing, increases green and fired strength, 
maintains brightness during firing, permits fast firing, and 
reduces crazing, cracking, and glaze defects. In metallurgical 
applications, wollastonite serves as a flux for welding, a source 
for calcium oxide, a slag conditioner, and to protect the surface 
of molten metal during the continuous casting of steel. As an 
additive in paint, it improves the durability of the paint film, acts 
as a pH buffer, improves its resistance to weathering, reduces 
gloss, reduces pigment consumption, and acts as a flatting and 
suspending agent. In plastics, wollastonite improves tensile 
and flexural strength, reduces resin consumption, and improves 
thermal and dimensional stability at elevated temperatures. 
Surface treatments are used to improve the adhesion between 
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the wollastonite and the polymers to which it is added. As a 
substitute for asbestos in floor tiles, friction products, insulating 
board and panels, paint, plastics, and roofing products, 
wollastonite is resistant to chemical attack, inert, stable at high 
temperatures, and improves flexural and tensile strength (Roskill 


Information Services Ltd., 1996, p. 58—59, 78-81, 104—107, 
119, 123-128). 


Prices 


Quoted prices for domestically produced acicular 
wollastonite, ex-works, were $231 to $265 per metric ton for 
200-mesh, $242 to $276 per ton for 325-mesh, and $489 per ton 
for acicular wollastonite. Prices for wollastonite from China, 
free on board, in bulk, were $80 to $90 per ton for 200-mesh and 
$90 to $100 per ton for 325-mesh (Industrial Minerals, 2012b). 
Quoted prices should be used only as a guideline because actual 


prices depend on the terms of the contract between the seller and 
the buyer. 


Foreign Trade 


Comprehensive trade data were not available for wollastonite 
because it is included under generic U.S. Census Bureau 
Harmonized Tariff Schedule (HTS) code 2530.90.8060 
(mineral substances not elsewhere specified or included). 

Some wollastonite also may be exported under HTS code 
2521.00.0000 (limestone flux; limestone and other calcareous 
stone). U.S. exports were estimated to have increased from those 
of 2011 but were still likely be less than 10,000 t. Documented 
exports were in the range of 2,580 t in 2012, a slight increase 
from 2,490 t in 2011. These exports were transported by ship 

to Japan, the Republic of Korea, Belgium, Italy, Singapore, 
China, Germany, Brazil, Colombia, the Dominican Republic, 
the United Kingdom, South Africa, Spain, and Hong Kong, in 
decreasing order by tonnage (United Business Media Global 
Trade, undated). Additional quantities probably were transported 
by truck or train to Canada. 

U.S. imports were estimated to be slightly more than in 2011 
but were still less than 4,500 t in 2012. Documented imports 
were 3,930 t, a 58% increase from 2,490 t in 2011. Imports 
transported by ship were received from Canada, Mexico, 

India, Finland, Spain, China, the Netherlands, and Belgium, in 
decreasing order by tonnage (United Business Media Global 
Trade, undated). Wollastonite imported from Belgium and 
Canada was transshipped because no producers of wollastonite 
were active in these countries in 2012. Additional quantities of 


wollastonite also may have been imported by rail or truck from 
Canada and Mexico. 


World Review 


Many countries do not report wollastonite production and 
production for other countries is reported with a 2- to 3-year 
lag time. Therefore, data in this section are estimated unless 
otherwise noted. 

World production of crude wollastonite ore probably 
increased by 2% to 4% in 2012 compared with that of 2011. 
Although economic conditions remained unstable in much of 
Europe, the United States economy showed signs of recovery 
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and the Asian economy remained fairly strong. Estimated crude 
ore production increased and was in the range of 600,000 to 
630,000 t in 2012 compared with 580,000 to 610,000 t in 2011. 
Sales of refined wollastonite products probably were in the 
range of 500,000 to 540,000 t in 2012, an increase from 480,000 
to 520,000 t in 2011. 

In 2012, China was the leading producer of wollastonite with 
300,000 t production of ore concentrate. India ranked second 
with 150,000 t of refined wollastonite production, followed by 
the United States (production withheld), Mexico with 55,200 t, 
Finland with 11,500 t, Spain with 4,000 t, and South Africa 
with 2,400 t. Small quantities of wollastonite may have been 
produced in other countries. 

Canadian Wollastonite, a privately held company, received 
approval from the Ontario Municipal Board for its St. Lawrence 
wollastonite project in eastern Ontario. With the approval, 
the company began blasting and crushing ore for making dry 
processed products, which will be shipped in 2013. Markets 
targeted by the company for its dry processed products are 
animal and plant nutrition, cement production, soil abatement, 


and wastewater treatment (Industrial Minerals, 20122; Patel, 
2012). 


Outlook 


Wollastonite consumption has increased since the 2008-09 
economic recession. NYCO, the leading U.S. producer, 
indicated that while not operating at full capacity, production 
had recovered to prerecession levels achieved in 2008 
(Patel, 2012). U.S. manufacturing increased in several industry 
sectors that manufactured products containing wollastonite. 
These included such markets as adhesives, coatings, and 
paints; automobiles (friction products and plastic and rubber 
components); consumer appliances (powder coatings); and 
plastics and rubber (reinforcing component) (U.S. Census " 
Bureau, 2013b). Total U.S. industrial production increased 2.4% 
from December 2011 to December 2012 (Board of Govemors 
of the Federal Reserve, 2013, p. 8). Residential housing m 
increased by 28% and the value of commercial and obs | 
construction put in place increased by 9% in 2012 M 
with those of 2011 (U.S. Census Bureau, 20138, c). T dh 
increases suggested that in 2013, wollastonite И бун , 
experience additional recovery of sales to ipe ae 
markets, such as in caulks, ceramic d ee asd cl 
paints, roof coatings, sanitaryware, sealan : MP E 
products (brick and quarry tile), stucco, au Fund (2013, p. D 
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ZEOLITES 
By Robert L. Virta 


Domestic survey data and table were prepared by Jesse J. Inestroza, statistical assistant. 


In 2012, natural zeolites were mined by eight companies in 
the United States. Mine production increased to 74,000 metric 
tons (t) from 65,400 t in 2011. Consumption increased to 
70,500 t in 2012 from 65,200 t in 2011. The major markets for 
natural zeolites were in animal feed, pet litter, cement (primarily 
down-hole cement applications by the drilling industry), 
water purification, odor control, and wastewater treatment, in 
decreasing order by tonnage. These six applications accounted 
for more than 70% of domestic consumption. Exports of natural 
zeolites (other than gem quality) were estimated to be between 
500 t and 1,000 t, and imports were estimated to be less than 
5 t. World production was estimated to be in the range of 2.7 to 
3.2 million metric tons (Mt) (table 1). 

Zeolite deposits in the United States are associated with the 
alteration of volcanic tuffs in alkaline lake deposits and open 
hydrologic systems. In the United States, these deposits are in 
Arizona, California, Idaho, Nevada, New Mexico, Oregon, and 
Texas. Zeolites in these deposits are chabazite, clinoptilolite, 
erionite, mordenite, and phillipsite. Other components, such 
as orthoclase and plagioclase feldspars, montmorillonite, opal, 
quartz, and volcanic glass, are present in some deposits. 


Production 


Domestic data for natural zeolites were collected by means 
of a voluntary survey of the domestic mining industry. 

Survey forms were sent to 13 mines and mills, and responses 
were received from 8. Responses accounted for 83% of the 
production and end-use data. Data for nonrespondents were 
estimated from reported 2011 revised data according to trends 
in production for reporting zeolites producers and consuming 
industries and Mine Safety and Health Administration (MSHA) 
employment data. 

Conventional open pit mining techniques are used to mine 
natural zeolites. The overburden is removed to allow access to 
the ore. The ore may be blasted or stripped for processing by 
using front-end loaders or tractors equipped with ripper blades. In 
processing, the ore is crushed, dried, and milled. The milled ore 
may be air-classified based on particle size and shipped in bags 
or bulk. The crushed product may be screened to remove fine 
material when a granular product is required, and some pelletized 
products are produced from fine material. Producers also may 
modify the properties of the zeolite or blend their zeolite products 
with other materials before sale to enhance their performance. 

Eight companies mined natural zeolites in the United States 
in 2012 (table 2). Chabazite was mined in Arizona; clinoptilolite 
was mined in California, Idaho, New Mexico, Oregon, and 
Texas. Domestic production of zeolites increased to 74,000 t 
in 2012 compared with 65,400 t in 2011. New Mexico was the 
leading producing State in 2012, followed by Texas, Idaho, 
California, Arizona, and Oregon. 
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Consumption 


Sales of natural zeolites increased to 70,500 t in 2012 
compared with 65,200 t in 2011. Domestic uses for natural 
zeolites were, in decreasing order by tonnage, animal feed, 
pet litter, cement, water purification, odor control, wastewater 
treatment, fungicide or pesticide carrier, gas absorbent (and air 
filtration), fertilizer carrier, oil absorbent, desiccant, catalyst, and 
aquaculture. Animal feed, cement, odor control, pet litter, water 
purification, and wastewater treatment, accounted for more than 
70% of the domestic sales tonnage. 

In 2012, sales of natural zeolites increased for animal feed, 
catalyst, cement, gas absorbent, pet litter, water purification, 
and wastewater treatment. Sales for aquaculture, desiccant, 
fertilizer carrier, fungicide or pesticide carrier, odor control, and 
oil absorbent decreased. The greatest increases in sales were, by 
tonnage, for animal feed and wastewater treatment. The greatest 
decline in sales was, by tonnage, for fertilizer carrier applications. 


Prices 


Prices for natural zeolites vary with zeolite content and 
processing. Unit values, obtained through the U.S. Geological 
Survey canvass of domestic zeolite producers, ranged from 
$50 to $800 per metric ton. The bulk of the tonnage was valued 
between $90 and $240 per ton. 


Foreign Trade 


Comprehensive trade data were not available for natural 
zeolites because they are included under a generic U.S. Census 
Bureau Harmonized Tariff Schedule (HTS) code 2530.90.8060 
(mineral substances not elsewhere specified or included). 

In 2012, exports of natural zeolites (other than gem-quality 
specimens) were estimated to between 500 t and 1,000 t. About 
69 t of these exports can be documented with the shipments 
going to Denmark and India, in decreasing order by quantity 
(United Business Media Global Trade, undated). Unknown 
quantities of natural and synthetic zeolites were shipped 

to Japan by U.S. companies participating in the cleanup of 
nuclear contamination near Fukushima, Japan. Although some 
zeolites were shipped under the generic HTS code, others may 
have been shipped as part of an ion-absorption unit or labeled 
as ion-exchange media rather than as zeolite. Imports were 
estimated to be less than 5 t in 2012. Most of the U.S. zeolite 
import trade was in synthetic zeolite products. 


World Review 


Most countries do not report natural zeolite production. 
Therefore, data in this section are estimated unless 
otherwise noted. 
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World production of natural zeolites was in the range of 2.7 to 
3.2 Mt in 2012 based on reported production by some countries, 
world market trends, and production estimates published in 
trade journals. World production probably remained unchanged 
in 2012 because of the continued economic uncertainties in 
countries where natural zeolites were sold in large volumes for 
construction uses. 

Countries mining large tonnages of zeolites typically use them 
in low-value applications. The ready availability of zeolite- 
rich rock at low cost and the shortage of competing minerals 
and rocks were probably the most important factors for its 
large-scale use. It was also likely that a significant percentage 
of the material sold as zeolites in some countries was ground 
or sawn volcanic tuff that contained only a small amount of 
zeolites. Some examples of such usage are dimension stone 
(as an altered volcanic tuff), lightweight aggregate, pozzolanic 
cement, and soil conditioners. 

China was the leading producer of natural zeolites (including 
zeolitic tuffs for pozzolanic cement applications). Production in 
China probably was in the range of 1.8 to 2.2 Mt. The second 
leading producer was the Republic of Korea with 230,000 t; 
followed by Turkey (excluding pozzolanic cement applications), 
150,000 t; the United States, 74,000 t (reported); Cuba, 

45,000 t; Jordan (excluding pozzolanic applications), 15,000 t; 
Mexico, 2,100 t; and Indonesia (excluding pozzolanic cement 
applications), 1,600 t. Countries that may produce zeolites 

but for which insufficient data were available to make reliable 
production estimates include Argentina, Armenia, Australia, 
Bulgaria, Canada, Georgia, Germany, Greece, Hungary, Iran, 
Italy, Japan, Mexico, New Zealand, the Philippines, Russia, 
Serbia, Slovakia, Slovenia, South Africa, Spain, and Ukraine. 

Canada.—Canadian Mining Co. Inc. began drilling at its Sun 
Group zeolite project near Princeton, British Columbia. Samples 
from the drilling project may enable the company to determine 
the size and grade of the deposit and better determine end-use 
markets for the material (Canadian Mining Company Inc., 2012). 

India.—Gujarat Mineral Development Corporation (GMDC) 
formed a joint venture with Credo Minerals Industries Ltd. to 
set up a zeolite grinding plant in the Kutch district. The plant 
is expected to have an annual capacity of 40,000 t when fully 
operational. GMDC planned to hold а 26% share in the project. 


The zeolite product would be targeted at the detergent market 
(Asia Miner, 2012). 


Outlook 


U.S. production of natural zeolites increased to 74,000 t in 
2012 from 30,100 t in 1997 and U.S. sales increased to 70,500 t 
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in 2012 from 30,100 t in 1997. During this time, the quantity 
of zeolites sold for animal feed increased the most, followed by 
cement, water purification, odor control, fungicide or pesticide 
carrier, wastewater treatment, and gas absorbent applications. 
Desiccant, fertilizer, and pet litter applications declined between 
1997 and 2012. 

In 2012, production and sales of natural zeolites increased by 
13% and 8%, respectively. Based on existing market conditions 
in the United States, growth in domestic production and sales 
may be similar in 2013. Worldwide, a significant portion of 
natural zeolite sales were linked to construction activities, where 
natural zeolites and (or) zeolitic tuffs were sold as dimension 
stone, lightweight aggregate, and pozzolanic cement. Because 
many countries continue to face economic uncertainties that 
could affect construction activities, world production and 
consumption were likely to remain unchanged in 2013. 
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TABLE 1 


SALIENT ZEOLITE STATISTICS! 

2008 2009 2010 

United States: 
Production metric tons 60,100 59,500 61,300 
За[ез до. 58,500 59,400 60,000 
.. Exports: do. «200 «500 «400 
Import __ | © do «200 <200 <150 
World, production‘ million metric tons 2.5-3.0 2.8-3.3 2.8-3.3 


“Estimated. do. Ditto. 
'Data are rounded to no more than three significant digits. 


TABLE 2 


DOMESTIC ZEOLITE PRODUCERS IN 2012 


2011 2012 
65,400 74,000 
65,200 70,500 

700-1,500 ____500-1,000 

<150 <5 
2.8-3.3 2.7-3.2 


State and company 


Arizona: 


__ St. Cloud Mining, Inc.’ 
UOP LLC 


California: | 
.. KMI Zeolite Inc. 


St. Cloud Mining, Inc.? 


Chabazite. 
Do. 


|. Type of zeolite 


Clinoptilolite. 


Do. 

Steelhead Specialty Minerals, Inc. | Do. 
Idaho, Bear River Zeolite Co., Inc. B Do. 
New Mexico: | | Ро. 
. Coyote Cliff, LLC | Ро. 
_ St. Cloud Mining, Inc. Do: 
Oregon, Teague Mineral Products Co. Е и | Ро. 
Texas, Zeotech Corp. | |. Do 


Do. Ditto. : ан абаа 


'Formerly GSA Resources, Inc. 
?*Formerly Ash Meadows, LLC. 
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ZINC 


By Amy C. Tolcin 


Domestic survey data and tables were prepared by Hodan A. Fatah, statistical assistant, and the world production tables 
were prepared by Glenn J. Wallace, international data coordinator. 


In 2012, U.S. mine production of recoverable zinc was 
713,000 metric tons (t), a 4% decrease from that of 2011 
(table 1). The value of domestic mine production was 
approximately $1.51 billion. Alaska continued to be the 
dominant zinc-producing State, followed by, in descending 
order of quantity, Tennessee and Missouri. Domestic exports 
of zinc contained in ores and concentrates decreased by 10% to 
592,000 t in 2012. The Republic of Korea (22%), Canada (19%), 
Spain (1796), and Australia (1396) were the leading recipients 
of concentrate exports (table 7). Imports for consumption of 
zinc contained in ores and concentrates continued to trend 
downwardly, decreasing by 20,600 t (or 7796) to 6,140 t. 

Estimated U.S. refined zinc production in 2012 increased 
by 6% to 261,000 t. Imports of refined zinc in 2012 decreased 
by 9% to 655,000 t. Refined zinc was imported primarily 
from Canada (71%), Mexico (14%), Peru (9%), and Australia 
(4%). Domestic exports of refined zinc decreased by 4,960 t 
(or 2696) to 14,100 t in 2012. Apparent consumption of refined 
zinc was 892,000 t, a 596 decrease from that of the prior year. 
Approximately 8596 of reported refined zinc consumption 
was for galvanizing, followed by, brass and bronze (6%), 
zinc-base alloys (696), and other uses (396) (table 6). Global 
zinc mine production increased by 7% to 13.5 million metric 


tons (Mt); zinc metal production decreased by 3% to 12.8 Mt 
(tables 10, 11). 


Legislative and Government Programs 


In April, in response to a petition filed by five U.S. companies, 
the U.S. International Trade Commission concluded that 
the U.S. industry was not materially injured by imports of 
galvanized wire from China and Mexico, which the U.S. 
Department of Commerce had previously determined had 
been sold at less than fair value. As a result, no antidumping 
or countervailing duties would be assessed on galvanized 
wire imported from those countries (U.S. International Trade 
Commission, 2012). 

А U.S. Government stockpile of zinc has been maintained 
since 1967 for national defense purposes. In 1992, Public Law 
102-484, which authorized the disposal of the entire inventory 
of zinc from the National Defense Stockpile (NDS), was signed. 
Sales of zinc from the NDS, however, have been suspended 
since August 2008 owing to concerns regarding domestic 
availability and access to various raw materials. At yearend 
2012, the reported inventory of zinc remained at 7,250 t. 


Production 
Mine.—1n 2012, zinc was produced in three States; Alaska 
was the leading zinc-producing State, followed by Tennessee 


and Missouri. Domestic mine production of recoverable 
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zinc in 2012 was 713,000 t, a 4% decrease from that of 2011 
(table 1). An increase in production in Tennessee was offset by 
decreases in the other states. Domestic mine production data 
were collected by the U.S. Geological Survey (USGS) from a 
voluntary survey of base-metal lode-mine production. 

Alaska.—Teck Alaska Inc. (a subsidiary of Teck Resources 
Ltd., Vancouver, British Columbia, Canada) operated the 
open pit Red Dog zinc-lead mine in the Northwest Arctic 
Borough. Red Dog comprises several sedimentary-exhalative 
lead-zinc sulfide ore bodies. In 2012, ore was mined from the 
Aqqaluk and Main Pit deposits. Reserves from the Main Pit 
were exhausted in the first quarter of 2012, after which ore was 
mined solely from Aqqaluk. Zinc in zinc concentrate production 
at Red Dog decreased by 895 in 2012 from that of 2011 to 
529,000 t as a result of reduced mill throughput and lower ore 
grades. Approximately 3096 of the zinc concentrates was refined 
at Teck's metallurgical complex at Trail, British Columbia, 
Canada. Remaining concentrates were sent to Asia and Europe. 
Most of Red Dog's concentrates were sold through long-term 
contracts with the balance sold in the spot market. Reported 
reserves at yearend 2012 contained 8.05 Mt of zinc. Zinc in zinc 
concentrate production in 2013 was projected to decline further 
to between 500,000 and 525,000 t (Teck Resources Ltd., 2013a, 
p. 31—33, 40; 2013b, p. 46). 

In February 2010, two nonprofit groups appealed the renewal 
of Red Dog’s water discharge permit by the U.S. Environmental 
Protection Agency (EPA), which had been issued in January 
2010 with revised effluent conditions. Subsequently, the EPA 
postponed the permit renewal to consider and discuss the 
appeal with the State of Alaska. The prior water discharge 
permit was issued in 1998 and contained limitations for total 
dissolved solids that Red Dog would not be able to meet after 
the development of the Aqqaluk deposit. In 2013, jurisdiction 
over the permit passed from the EPA to the State of Alaska, 
and in February, the State of Alaska renewed Red Dog's 
water discharge permit with the 2010 effluent limitations that 
allowed for a higher concentration of total dissolved solids 
(Teck Resources Ltd., 2013a, p. 32). 

Hecla Mining Co.'s (Coeur d' Alene, ID) underground Greens 
Creek Mine recovered metals from a polymetallic (gold-lead- 
silver-zinc) massive sulfide deposit located on Admiralty Island 
in the Tongass National Forest near Juneau. The mine produced 
gold and silver dore, as well as bulk lead-zinc, lead, and zinc 
concentrates, which were sold globally to smelters. In 2012, zinc 
in concentrate production decreased slightly from that of 2011 
to 58,300 t. During the year, Hecla was undergoing permitting 
to increase the tailings capacity at Greens Creek, which 
was only sufficient to meet the mine's needs until 2015, and 
expended capital on an exploration and development program 
to increase reserves and extend mine life. Yearend reserves 
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contained 638,000 t of zinc (Hecla Mining Co., 2013a, p. 6, 16; 
2013b, p. 19-22). 

Idaho.—Hecla operated the Lucky Friday Mine, an 
underground silver-lead-zinc mine in the Coeur d’ Alene 
Mining District in northern Idaho, which produced silver-lead 
concentrate and zinc concentrate. Production and exploration 
activities at Lucky Friday were temporarily suspended in 
2012 as Hecla removed loose backfill material in the primary 
shaft. Hecla expected the mine to return to full production in 
mid-2013. At yearend, reserves contained 110,000 t of zinc 
(Hecla Mining Co., 2013a, p. 8, 16). у 

Missouri.—Doe Run Resources Corp. (St. Louis, MO) 
operated a series of production shafts that ran along the 
Viburnum Trend within the Mississippi Valley-type (MVT) 
lead-zinc-copper ore body in southeast Missouri. Doe Run 
processed ore from the Brushy Creek, Buick, Fletcher, 
Sweetwater, and Viburnum (#29 and #35) mines at four mills to 
produce primarily lead concentrates and, to a lesser extent, zinc 
and copper concentrates. 

Tennessee.—Nyrstar NV (Balen, Belgium) owned and 
operated the East Tennessee and Middle Tennessee zinc mine 
complexes that recovered ore from MVT zinc deposits. Zinc in 
concentrate production at the two complexes increased by 36% 
from that of 2011 to 109,000 t owing to higher zinc ore grades 
and increased mill throughput, which Nyrstar attributed to an 
optimization program undertaken in the first half of the year to 
improve process efficiency. The East Tennessee mine complex 
(the Coy, Immel, and Young Mines) produced 61,000 t of zinc 
in concentrate in 2012, and the Middle Tennessee mine complex 
(the Cumberland, Elmwood, and Gordonsville Mines) produced 
48,000 t. The concentrates were sent to Nyrstar's Clarksville, 
TN, zinc refinery for processing. Zinc reserves at yearend were 
139,000 t at East Tennessee and 152,000 t at Middle Tennessee 
(Nyrstar NV, 2013a, p. 22—23, 62; 20135). | 

Smelter—In 2012, refined zinc was mainly produced in two 
States —Pennsylvania (Horsehead Holding Corp.'s Monaca 
facility) and Tennessee (Nyrstar's Clarksville facility). Refined 
zinc was also produced to a lesser extent by 0.5. Zinc's (owned 
by Votarantim Metais, Sao Paulo, Brazil) recycling operations 
in Coldwater, MI, and Houston, TX. Refined zinc production in 
2012 increased by 696 from that of 2011 to 261,000 t (table 1). 

Primary.—Nyrstar's Clarksville electrolytic zinc refinery 
[125,000 metric tons per year (tyr) capacity] was чеш 
primary zinc smelter in the United States. Clarksville 5 feed 
mix was mostly zinc concentrate from its Tennessee mines, and 
the balance was imported zinc concentrates and domestically 
sourced secondary zinc oxides. Refined zinc production in 2012 
increased by 4% from that of 2011 to 114,000 t. Zinc produced 
at Clarksville was Special High Grade (SHG) and Continuous 
Galvanizing Grade (ССС). Byproducts included cadmium 
metal, copper cementate, copper sulfate, synthetic gypsum, | 
and sulfuric acid. In the third quarter, Nyrstar began producing 

'ntermediate germanium concentrate at Clarksville, which 
ja Nn from the Middle Tennessee concentrates. In 
2 13, Nyrstar planned to close the s E Е e" 
perform maintenance to the roaster an plant, 


ina projected production reduction of 5 t of zinc (Nyrstar NV, 
in 


20132, p. 66-67). 
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Secondary.—Horsehead produced zinc metal— 
primarily Prime Western Grade (PW)—and zinc oxide at its 
electrothermic zinc smelter (136,000-t/yr capacity) at Monaca, 
The zinc metal was sold in both jumbo ingot and slab form. 
The PW zinc was sold to general hot-dip galvanizers and brass 
manufacturers or consumed internally for the production of zine 
oxide. Zinc production at Monaca in 2012 increased by 7% from 
production in 2011, when intermittent production difficulties 
reduced output (Horsehead Holding Corp., 2013, p. 7-8). 

Feedstock for the metal production was composed 
entirely of secondary materials; 79% of the feedstock was 
from Horsehead’s electric arc furnace (EAF) dust recycling 
operations, and the balance was generally composed of 
purchased galvanizing residues, such as dross and skimmings. 
EAF dust is a waste product recovered from the air flow exiting 
electric arc furnaces during the steel recycling process and 
typically contains 10% to 20% zinc. Horsehead’s five EAF 
dust recycling operations were in Barnwell, SC; Beaumont, 
TX; Calumet, IL; Palmerton, PA; and Rockwood, TN; its 
hydrometallurgical metals recovery facility was in Bartlesville, 
OK. In 2012, Horsehead recycled 586,000 t of EAF dust 
(Horsehead Holding Corp., 2013, p. 4, 9). 

During 2012, Horsehead continued constructing a solvent 
extraction-electrowinning (SX-EW) zinc production facility 
in Rutherford County, NC, which would replace the Monaca 
smelter. The technology would generate SHG and CGG zine 
in addition to PW zinc, and allow Horsehead to sell to new 
customers, including continuous galvanizers and diecasters. 
The metal would also be certified as deliverable against London 
Metal Exchange, Ltd. (LME) contracts. The plant was expected 
to produce about 140,000 t/yr of zinc and have a capacity of 
160,000 t/yr of zinc. According to Horsehead, the new SX-EW 
technology would reduce the company’s manufacturing costs 
compared with the electrothermic technology employed at the 
Monaca facility owing to higher labor productivity, higher zinc 
recovery rates, lower energy usage, and lower maintenance 
costs. Plant construction was estimated to cost $375 million 
and was anticipated to be completed in the third quarter of 2013 
(Horsehead Holding Corp., 2012, p. 15-16, 19). 


Consumption 


Changes in zinc consumption generally follow trends in 
industrial production or, more generally, economic growth. " 
Domestic apparent consumption of zinc in 2012 was 892,000 t, 
а 5% decrease from apparent consumption in 2011 (table 1). 
Reported U.S. zinc consumption in 2012 was 806,000 t, 2d 
representing 90% of domestic apparent consumption. Hi 
slab zinc consumption data were collected by the USGS en 
voluntary survey on consumption of zinc by grade and ipie 2 

According to reported data, galvanizing accounted e d 
domestic zinc consumption in 2012 (table 6). Galvanize | = 
used extensively in the automotive and construction soe pm 
The American Iron and Steel Institute (2015, р. 25) ње Mi 
domestic shipments of galvanized steel in 2012 Medos ка 
an 11% increase from those of 2011. Approximately o а. 
shipments was hot-dip galvanized, and the рык си w 
electrogalvanized. Most of the zinc consumed nd а 
galvanizing was at continuous galvanizing plants, W 
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sheet passes through а molten zinc bath at high speeds. There 
7 ^ were an estimated 46 continuous galvanizing plants operated 
1  by2l companies in the United States. The balance of zinc 
* |. consumed for galvanizing was at general galvanizing plants, 
г . where fabricated steel shapes (for example, structural beams 
г or fasteners) were immersed in a molten zinc bath individually 
| or by batch. There were about 180 general galvanizing plants 
= | operated by 80 companies in the United States in 2012. 
i Brass and bronze accounted for 6% of reported consumption. 
Zinc-base alloys, which were predominantly used for coatings 
з and die-casting, accounted for 6% and were produced mainly at 
: nine facilities operated by six companies. Other major uses of 
zinc included chemicals and zinc semimanufactures. 


Stocks 


Commodity exchange inventories [LME and the Shanghai 
Futures Exchange (SHFE)] totaled 1.53 Mt of zinc at yearend. 
Stocks of SHG zinc in global LME warehouses totaled 1.22 Mt 
at the end of 2012, а 49% increase from the yearend 2011 
stock level. Some analysts thought that many of the LME zinc 
stocks were held under arrangements that allowed financial 
institutions and traders to profit from the ongoing gap between 
current and future prices, the contango, and the lower cost of 
carry (the actual cost of insuring, financing, and storing zinc). 
At yearend 2012, warehouses in New Orleans, LA, held 6694 
(800,000 t) of global LME zinc stocks. LME warehouses 
in New Orleans were primarily owned by Pacorini Metals 
AG (a subsidiary of Glencore International AG) and Metro 
International Trade Services (a subsidiary of Goldman Sachs 
Group, Inc.). About 1096 (116,000 t) of LME zinc stocks were 
held in warehouses in Detroit, MI. At yearend 2012, the SHFE 
held 311,000 t of zinc, a 1596 decrease from that of 2011 
(International Lead and Zinc Study Group, 2014, p. 55). 

Aside from the United States, China was the only other 
country to hold Government stockpiles of zinc. China's State 
Reserve Bureau (SRB) manages its stockpiles, which at yearend 
2012, contained 209,000 t of zinc, an increase of 100,000 t from 
the stock level at yearend 2011 (International Lead and Zinc 
Study Group, 2014, p. 55). 
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Prices 


The annual average LME cash price for SHG zinc in 2012 
decreased by 11% from that of 2011 to $1,947.73 per metric 
ton (88.3 cents per pound). The annual average Platts North 
American producer price for SHG zinc in 2012, which was 
based on the LME cash price plus a premium, decreased by 
10% to 95.8 cents per pound (table 1). Monthly average North 
American SHG premiums began the year at about 7 cents 
per pound and rose to about 8 cents per pound by October. 
Premiums decreased slightly during the last 2 months of the 
year to 7.5 cents per pound. Higher premiums are generally 
indicative of a tighter supply of zinc in the local market. 


World Review 
Global zinc mine production increased by 7% in 2012 


from that of 2011 to approximately 13.5 Mt (table 10). China 
(36% share of global production), Australia (1196), and Peru 
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(9%) were the three leading producers of zinc in concentrate in 
2012. Most of the increase in production was attributed to an 
850,000-t rise in China’s mine production. Outside of China, 
zinc mine production also increased significantly in Mexico, 
Peru, Portugal, and Turkey. Mine production increased in 
Mexico owing primarily to the continued ramp up to full design 
capacity at Goldcorp Inc.'s polymetallic Penasquito Mine. In 
Peru, increased production at the Cerro Lindo, Colquijirca, and 
San Vicente Mines contributed to the country's overall rise in 
zinc mine production. In Portugal, zinc production at Lundin 
Mining Corp.'s Neves Corvo copper-zinc mine increased 

by 25,800 t from that of the prior year after the company 
recommenced producing zinc concentrate in the first quarter 
of 2012 (Ministerio de Energía y Minas, 2013, p. 41; Lundin 
Mining Corp., 2013). 

India had the most significant contraction in zinc mine 
production, followed by Kazakhstan and the United States. 
India's decrease was due primarily to a decline in output 
at Hindustan Zinc Ltd.'s (HZL) Rampura Agucha open pit 
zinc-lead mine. During 2012, HZL continued the development 
of an underground mine at Rampura Agucha, and the company 
planned for ore production at the mine to be below capacity 
during the construction process (Hindustan Zinc Ltd., 
2013, p. 21). 

By yearend 2012, net global zinc mine operational capacity 
had increased by 350,000 t/yr. About 206,000 t/yr of zinc mine 
capacity came onstream in Australia, where Xstrata plc began 
production at the Lady Loretta Mine and expanded zinc in 
concentrate production capacity at the George Fisher Mine. 

In Canada, 138,000 t/yr of capacity was added, including 

the commissioning of Trevali Mining Corp.'s Halfmile Lake 
Mine and Hudbay Minerals Inc.'s Lalor Mine, as well as the 
reopening of Nyrstar's Langlois Mine. About 151,000 t/yr of 
operational capacity was also added in China, Mexico, Peru, and 
Portugal. Zinc mine closures in Australia and Canada removed 
145,000 t/yr of zinc mine production capacity. In Australia, 
Kagara Mining Ltd. closed its Mungana and Vomacka Mines 
after a prolonged period of declining revenues, and in Canada, 
HudBay Minerals closed the Chisel North and Trout Lake Mines 
owing to resource depletion (International Lead and Zinc Study 
Group, 2013b, p. 35). 

Global zinc metal production decreased by 3% from that 
of 2011 to 12.8 Mt (table 11) owing primarily to a 380,000-t 
decrease in China as smelters reduced production or idled 
operations owing to low zinc prices and treatment charges. 
Partially offsetting this decrease were substantial production 
increases in Japan and the Republic of Korea. Production 
recovered in Japan in 2012 following the 2011 Tohoku 
earthquake and tsunami, and in the Republic of Korea, capacity 
expansion of Korea Zinc Ltd.'s Onsan refinery contributed to the 
overall year-on-year increase in production. China (3896 share 
of global production), the Republic of Korea (796), India (6%), 
and Canada (596) were the leading producers of refined zinc 
metal in 2012. 

Net zinc smelter operational capacity increased by 
330,000 t/yr in 2012. Capacity increases included Jiangxi 
Copper Corp.'s new zinc smelter in China, the expansion of 
Korea Zinc's Onsan refinery in the Republic of Korea, and the 
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restart of Doe Run's La Oroya smelter in Peru. Operations at 
OTZK's Kardjali smelter in Bulgaria were suspended, idling 
30,000 t/yr of zinc metal production capacity (International 
Lead and Zinc Study Group, 2013b, p. 40-41). 

According to the International Lead and Zinc Study Group 
(ILZSG) (2013b), global zinc consumption decreased by 396 
in 2012 from that of 2011 to 12.3 Mt, principally owing to 
decreased consumption in China (225,000 t) and the countries 
of the European Union (189,000 t). Leading zinc-consuming- 
countries included China, 43%; the United States, 7%; 
India, 5%; and the Republic of Korea, 5%. The countries of the 
European Union accounted for 1696 of consumption. ILZSG's 
data indicated that zinc metal production exceeded consumption 
by 236,000 t in 2012 compared with 374,000 t in 2011 
(International Lead and Zinc Study Group, 2014, p. 44-47). 


Outlook 


ILZSG forecast global zinc consumption in 2013 to increase 
by 5% from that in 2012 to 12.9 Mt. China's consumption was 
expected to increase by 8%, and other notable increases in 
consumption were expected in Brazil, India, Turkey, and the 
United States. Consumption in the countries of the European 
Union was forecast to decline further in 2013 from that of 
2012, while production in Japan and the Republic of Korea 
were expected to remain flat (International Lead and Zinc Study 
Group, 20134). 

On the supply side, mine production was expected to increase 
slightly to 13.7 Mt in 2013 owing to increases in China, 

India (owing to increased production at the Rampura Agucha 
Mine), and Burkina Faso (following the opening of Blackthorn 
Resources Ltd.'s Perkoa Mine). Canada's zinc mine production 
in 2013 was expected to decline significantly after the closure of 
Xstrata’s Brunswick and Perseverance Mines, which produced 
a combined 316,000 t of zinc in concentrate in 2012. Lower 
output was also forecast for Finland and Ireland. Global refined 
metal production was predicted to increase by 3% to 13.0 Mt 
owing mostly to a production increase in China. Overall, zinc 
metal production in 2013 was forecast to surpass consumption 
by about 120,000 t (International Lead and Zinc Study Group, 
2013a; Xstrata plc, 2013). 
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TABLE 1 


SALIENT ZINC STATISTICS! 
2008 2009 2010 2011 2012 
United States: 
Production: 
Domestic ores, contained zinc metric tons 718,000 736,000 748,000 769,000 738,000 
Domestic ores, recoverable zinc do. 748,000 710,000 723,000 743,000 713,000 
___ Value, recoverable zinc thousands — $1,470,000 — $1,220,000 — $1,620,000 — $1,740,000 $1,510,000 
© Refined zinc: 
At primary smelters” metric tons 125,000 94,000 120,000 110,000 114,000 
At secondary smelters” do. 161,000 109,000 129,000 138,000 147,000 
Total do. 286,000 203,000 249,000 248,000 261,000 
Exports: 
___ Ores and concentrates, zinc content do. 725,000 785,000 752,000 660,000 592,000 
Refined zinc do 3,250 2,960 4,200 19,000 14,100 
Imports for consumption: 
Ores and concentrates, zinc content do. 63,200 74,200 32,200 26,700 6,140 
Refined zinc do. 725,000 686,000 671,000 716,000 655,000 
Reported stocks of refined zinc, December 31: 
Producer and consumer do. 58,100 84,800 108,000 145,000 ' 155,000 
Government stockpile do 7,490 7,490 7,490 7,250 3 7,250 
. Consumption, refined zinc: 
___ Reported do 387,000 459,000 558,000 679,000 ' 806,000 
|. Apparent do. 1,010,000 893,000 907,000 939,000 892,000 
Price? 
North American cents per pound 88.93 77.91 101.98 106.24 95.76 
____ London Metal Exchange, cash do. 85.01 75.06 97.99 99.47 88.35 
World production: 
Mine E thousand metric tons 11,900 ' 11,600 ' 12,400 ' 12,600 ' 13,500 
Smelter do. 11,700 11,400 12,800 13,200 € 12,800 
"Estimated. Revised. do. о — 
‘Data are rounded to no more than three significant digits, except prices; may not add to totals shown. 
see stock was partially composed of secondary materials. 
Government stocks decreased from prior year owing to an inventory adjustment. 
Domestic production plus net imports, plus adjustments for Government and industry stock changes. Apparent consumption from 2008 
through 2011 does not reflect reported stock changes. Stock increases from 2008 through 2011 result from an increased response from industry 
rather than an actual increase in stock levels. 
*Special High Grade. Source: Platts Metals Week. 
TABLE 2 
MINE PRODUCTION OF RECOVERABLE ZINC 
IN THE UNITED STATES, BY STATE! 
(Metric tons) 
State 2011 2012 
Alaska” 631,000 583,000 
Other’ 111,000 130,000 
_ Total 743,000 713,000 
Data are rounded to no more than three significant digits; may not add 
to totals shown. 
"Data based, in part, on publicly available information. 
*Includes production from Idaho (2011), Missouri, and Tennessee. 
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TABLE 3 
LEADING ZINC-PRODUCING MINES IN THE UNITED STATES IN 2012, IN ORDER OF OUTPUT! 


Rank Mine County and State Operator Source of zinc 
1 Red Dog? Northern Region, AK Teck Alaska Inc. Zinc-lead ore. 
2 East Tennessee Zinc Complex? Jefferson and Knox, TN Nyrstar NV Zinc ore. 

3 Greens Creek? Southeastern Region, АК. Hecla Mining Co. Zinc-silver ore. 
4 Middle Tennessee Zinc Complex‘ Smith, TN Nyrstar NV Zinc ore. 

5 Brushy Creek Reynolds, MO Doe Run Resources Corp. Lead ore. 

6 Buick Iron, MO do. Do. 

7 Viburnum (#29 and #35) Washington and Iron, MO do. Do. 

8 Fletcher Reynolds, MO do. Do. 

9 Sweetwater do. do Do. 

Do., do. Ditto. 


'The mines on this list accounted for more than 99% of recoverable U.S. zinc mine production in 2012. 


Бог Alaska, mines are located by geographic region, as delineated by the Alaska Division of Geological & Geophysical Surveys 
in its Special Report 67, Alaska's mineral industry 2011 —Exploration activity. 


*Includes the Coy, Immel, and Young Mines. 
^Includes the Cumberland, Elmwood, and Gordonsville Mines. 


TABLE 4 
REPORTED PRODUCTION OF ZINC PRODUCTS 
FROM ZINC-BASE SCRAP IN THE UNITED STATES! 


(Metric tons) 
Product 2011 2012 
Redistilled slab zinc 141,000 149,000 
Other zinc metal products? 2,930 2,410 
Zinc in chemical products W W | 
Zinc dust 22,700 24,100 


W Withheld to avoid disclosing company proprietary data. 
!Data are rounded to no more than three significant digits. 


"Includes electrogalvanizing anodes, remelt die-cast slab, 
and other metal alloys. 


TABLE 5 
ZINC RECOVERED FROM SCRAP PROCESSED IN THE UNITED 
STATES, BY TYPE OF SCRAP' 
(Metric tons) 
Е meee ee 
Type of scrap 2011 2012 
New scrap: 
Zinc-base 93,400 85,400 
Copper-base 120,000 120,000 
Magnesium-base 91 183 
Total 213,000 205,000 
Old scrap: 
Zinc-base 114,000 120,000 
Copper-base 8.470 8,610 
Aluminum-base 863 jp 
Magnesium-base 14 1 
Total 123,000 129,000 
" Grndtotal = 336,000 334,000 


!Data are rounded to no more than three significant digits; may not add 
to totals shown. 
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TABLE 6 
U.S. REPORTED CONSUMPTION OF ZINC IN 2012, BY INDUSTRY USE AND GRADE! 


(Metric tons) 
Special Continuous Remelt 
High High Galvanizing Controlled Prime ап other 
Industry use Grade Grade Grade Lead Grade Western grades Total 
Galvanizing |... 142,000 130,000 357,000 194 55,000 261 685,000 
Zinc-base alloys 44,600 169 -- -- ~- -- 44,700 
Brass and bronze 41,900 7,570 -- -- 196 -- 49,700 
Other 26,400 -- -- -- 43 -- 26,500 
Total m 255,000 138,000 357,000 194 55,300 261 806,000 
— Zero 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
TABLE 7 
U.S. EXPORTS OF ZINC ORES AND CONCENTRATES, BY COUNTRY! 
2011 2012 
Quantity Quantity 
(metric tons, Value (metric tons, Value 
Country zinc content) (thousands) zinc content) (thousands) 
Australia 51,700 $80,900 76,600 $101,000 
Belgium 28,900 40,900 58,700 68,400 
Canada 150,000 246,000 113,000 192,000 
China 27,200 39,900 17,100 17,400 
Costa Rica 7 21 3 6 
Е Salvador 23 89 37 110 
Finland 35,500 56,700 34,900 42,700 
Germany -- -- 28,500 34,900 
India 36 86 53 9] 
Israel 17 198 38 75 
Japan 95,000 138,000 31,600 53,300 
Korea, Republic of 157,000 223,000 132,000 176,000 
Mexico _ Я | 4 47 163 
Panama — — 5 21 6 20 
Singapore 24 102 -- -- 
Spain | 114,000 171,000 99,200 119,000 
United Kingdom Е С M 7 NN QEMMNS. 
_ Total 660,000 997,000 592,000 806,000 
-- Zero. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 


TABLE 8 
U.S. EXPORTS OF ZINC COMPOUNDS! 


|^ 201 2012 | 
Quantity | Quantity 
(metric tons, Value (metric tons, Value 
.. Compound __ gross weight) — (thousands) gross weight) (thousands) 
Chromates of zinc or of lead | 4 5396 | 3 $227 
Lithopone- 316 1,510 377 2,190 
Zincchloride — 7 1,800 — 2,860 902 1,590 
Zinc oxide |. 31600 51,300 41,800 50,200 
Zinc sulfate — | | mE 285 — 588 ——— 774 1,160 
Zinc sulfide | 5310 | 6890 — 8310 12,600 


= И Дан и ла Эйс 
Data are rounded to no more than three significant digits. 


Source: U.S. Census Bureau. 
ZINC—2012 


84.7 


Google 


ТАВГЕ 9 
U.S. IMPORTS FOR CONSUMPTION OF ZINC COMPOUNDS' 


2011 2012 | 


Quantity Quantity 
(metric tons, Value (metric tons, Value 
Compound gross weight) (thousands) gross weight) (thousands) 

Chromates of zinc or of lead 144 $628 69 $351 

Lithopone 1,190 1,670 845 2,400 

Zinc chloride 255 1,290 190 1,490 

Zinc oxide 90,000 181,000 82,700 158,000 

Zinc sulfate 53,900 51,700 56,300 51,100 

Zinc sulfide 2,510 4,320 2,540 7,710 

ава are rounded to по more than three significant digits. 

Source: U.S. Census Bureau. 
| 
| 
| 
| 
| 
) 

k- 
YEARBOO 
ү MINERALS 
U.S. GEOLOGICAL SURVEY 
84.8 


TABLE 10 
ZINC: WORLD MINE PRODUCTION, BY COUNTRY " 


(Metric tons, zinc content of concentrate and direct shipping ore, unless otherwise specified) 


Country 2008 2009 2010 2011 2012 
Argentina 30,349 31,869 32,566 33,975 ' 42,000 * 
Armenia 7,467 ' 6,989 ' 14,361 ' 15,588 ' 10,075 
Australia 1,519,000 1,290,000 1,479,000 1,515,000 1,514,000 
Bolivia 383,619 430,879 411,409 427,129 405,000 • 
Bosnia and Herzegovina‘ 4,700 3,400 5,500 6,900 ' 7,000 
Brazil 173,933 172,688 211,203 197,840 ' 198,000 * 
Bulgaria 10,600 9,339 ' 9,904 ' 10,977 ' 12,116 
Burma 7,000 6,000 7,000 7,000 * 7,000 * 
Canada 750,502 699,145 ' 649,065 ' 622,600 ' 641,260 P 
Chile 40,519 27,801 27,662 36,602 26,762 
China* 3,340,000 3,330,000 3,700,000 4,050,000 ' 4,900,000 
Congo (Kinshasa) 15,465 ' 19,636 ' 9,223 14,758 ' 10,572 
Finland 27,800 30,233 55,562 64,115 51,467 
Georgia -- т et m — = 
Greece 22,694 18,126 19,976 20,000 * 20,000 * 
Guatemala 14,000 -- = == = 
Honduras 28,462 36,370 33,839 26,000 26,000 
India 613,600 695,000 740,000 ' 796,000 ' 758,000 
Iran 69,267 3 72,048 ? 80,000 80,000 ' 80,000 
Ireland 398,158 385,670 342,434 344,000 ' 337,500 
Kazakhstan 386,000 ' 387,400 ' 398,400 ' 405,300 ' 370,500 
Korea, North? 70,000 ' 70,000 ' 70,000 € 70,000 ' 70,000 
Korea, Republic of 1,836 2,221 355 743 ' 750 * 
Kosovo‘ zi 5,332 ' 8,678 ' 6,597 € 6,607 
Laos 2.200 3,400 5.000 ' 4,320 ' 4,500 
Macedonia 29,000 29,000 ' 29,000 ' 28,000 ! 28,000 
Mexico 453,588 ' 489,766 ' 570,004 ' 631,859 660,349 
Mongolia 71,800 78,800 56,300 52,300 59,600 * 
Morocco 96,900 48,600 61,900 60,000 58,000 
Namibia dn 192,514 ' 197,400 ' 204,229 ' 192,173 ' 194,380 
Nigeria 1,000 2,000 8,000 3,000 15,000 
Pakistan 2 1,000 ' 10,000 ' 15,000 ' 12,000 
Peru 1,602,597 1,512,931 1,470,450 1,256,383 ' 1,280,975 
Philippines 1,619 10,035 9,268 18,170 ' 19,559 
Poland 132,400 115,500 92,000 ' 60,000 "“ 60,000 * 
Portugal | 39,254 501 6,421 4,227 30,006 
Russia 204,000 225,000 269,000 275,000 ' 288,000 
Saudi Arabia 3,663 4,952 4,897 5,000 ^* 15,000 * 
Serbia — — mE 1,000 1,000 1,000 1,000 ' 1,000 
South Africa 29,002 28,159 36,142 ' 36,629 ' 37,000 * 
Spain ы 1,200 17,318 33,200 33,200 * 
Sweden 188,048 192,538 198,686 194,429 188,000 
Tajikistan pa ea -- 8,000 * 18,000 * 
Thailand mE 17,811 34,000 25,529 18,252: 31,000 
Turkey 127,000 ' 136,000 ' 196,000 ' 160,000 ' 206,000 * 
United States! 778,000 736,000 748,000 769,000 738,000 
Uzbekistan > i is 15,000 * 25,000 * 
Vietnam“ 42,000 38,000 36,000 38,000 ' 38,000 


Estimated. PPreliminary. ‘Revised. -- Zero. 
! World total, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes data available through January 17, 2014. 

Reported figure. 

^On February 17, 2008, the Kosovo Assembly declared independence from Serbia. 
‘Reported zinc content in both lead and zinc concentates. 
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TABLE 11 


ZINC: WORLD SMELTER PRODUCTION, ВУ COUNTRY"? 


(Metric tons) 
Е Не о О. ПАРНИМ о САН 2012 
Algeria, primary 30,000 30,000 30,000 30,000 30,000 
Argentina: 
Primary 39,479 32,989 39,540 40,381 ' 35,000 
Зесопдагу 3,158 2,639 3,163 3,230 ' 2,600 ° 
Total 42,637 35,628 42,703 43,611 ' 37,600° 
Australia: 
Primary" + 499,000 525,000 499,000 507,000 498,000 
Secondary” 6,000 6,000 6,000 6,000 6,000 
Total 505,000 531,000 505,000 513,000 504,000 
Belgium, primary 239,000 14,000 260,000 282,000 250,000 
Brazil, primary 248,874 242,136 288,107 284,710 ' 285,000 
Bulgaria, primary and secondary 99,699 92,676 88,253 "€ 93,000 ^* 93,000 € 
Canada, primary A = 6 764,312 685,504 691,221 " 662,151 648,614? 
China, primary and secondary" 4,000,000 4,280,000 5,160,000 5,210,000 ' 4,830,000 
Ташу у. ни 8. ин" 297,722 295,049 307,144 307,352 314,742 
France, primary A 117,861 161,000 163,000 164,000 161,000 
Germany, primary and secondary" 292,284 ? 153,000 165,000 170,000 169,000 
India, primary and secondary 567,800 614,000 700,000 795,000 800,000 
а ee 120,000 ' 115,000 ' 120,000 ' 132,000 ' 148,000 
Italy, primary’ 100,000 100,000 105,000 100,000 100,000 
Japan primary and secondary _ _  — 615,533 ' 540,604 ' 574,008 ' 544 674 ' 5130 | 
Kazakhstan, primary and secondary 365,572 327,873 318,858 319,752 ' 319847 
Korea, North, primary and secondary’ о 70,000 ' 70,000 ' 70,000 ' 70,000 ' 7000 | 
Korea, Republic of, primary _____________ 738,000 751,179 717,100 828,735 875,000 | 
: 6 = e хар: RN = 
о у _. 145,396 ' 150,400 ' 151,688 145,639 ' 145,342 
Нав 239,462 224,000 254,000 261,000 257,000 
зе er np M CEN CM 145,469 138,973 148,862 153,200 152,647 
c s AUT au. 190,324 149,494 223,112 § 313,714 319,280 
Sanh primary and secondary poe p 135,000 156,000 d ) 
Котета p ane ney 260,000 225,000 ' 260,000 ' 267,280 "5 270,000 
Russia, primary 2 = 87,000 87,000 90,000 73,000 к 
South Аса, риша _. 456,050 500,776 505,000 489,000 юй 
Thailand, primary _ ———————— 
ШИШ О ПИРС ва ава ви вв овна 125,000 94,000 120,000 110,000 114,000 
Wo NR 161,000 109,000 129,000 — 13800 — МИШ, 
Secondary и 286,000 203,000 249,000 248,000 261,000 
To] КЕ 70,445 > 40,000 40,000 54.900 "5 61,100 
Uzbekistan, prune. ont 16,000 17,000 16,000 16,000 5000 
Vietnam, pee 11,700,000 11,400,000 12,800,000 13,200,000" 12,0000 
г ашанын а АЕ 
Е. та idu, 4,510,000 ' 4,230,000 ' 4,570,000 ' 4,760,000 ' es 
PONY ee peu ИО 170,000 ' 170,000 ' 170,000 ' 170,000" oun 
Secor ay ed 7,050,000 ' 7060,000* . — $00000* — , 8950000 . моме 
Undifferentia 


"Estimated. "Preliminary. "Revised. -- Zero. 


= 1 1 1 Ld $ 8 € wn. 
! Is, U.S. data, and estimated data are rounded to no more than three significant digits; may not NOD = : ње scrap) has been provided. 
и eges. sible detailed information on raw material source of output (primary—directly from ores, and ар gem that total has been left undifferentiated 
ssible, WM WT 
А E raw material source is unreported and insufficient data are available to estimate the distribution o 
In cases W 


through August 14, 2014. 
З addition to the countri 
output levels. 


also prod ndary zin but av | imates of 
i i i i is 1 to make reliable estima 
es liste Israel 15 produces small amounts of seco ry Zinc, ta ailable information 15 inadequate 
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TABLE 11—Continued 
ZINC: WORLD SMELTER PRODUCTION, BY COUNTRY"? 


*Excludes zinc dust. 
ЗВеропед figure. 
$On February 17, 2008, the Kosovo Assembly declared independence from Serbia. 
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ZIRCONIUM AND HAFNIUM 
By George M. Bedinger 


Domestic survey data and tables were prepared by Lisa A. Mersdorf, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


World production of zirconium mineral concentrates in 2012, 
excluding U.S. production, was about 1.46 million metric tons 
(Mt), 10% less than the 1.62 Mt produced in 2011. The primary 
source of zirconium was the mineral zircon (ZrSiO,), principally 
found in heavy-mineral sands. А relatively small quantity of 
zirconium was derived from the mineral baddeleyite, a natural 
form of zirconium oxide (ZrO,) recovered from a single source 
in Kovdor, Russia. In 2012, the leading producers of zircon were 
Australia and South Africa. Zircon was also the primary source 
of hafnium; zirconium and hafnium are contained in zircon at a 
ratio of about 50 to 1. The leading producers of zirconium and 
hafnium metal were France, Russia, and the United States. 

U.S. production of milled zircon decreased by 1796 compared 
with that of 2011. In 2012, the United States was a net exporter 
of zirconium ore and concentrates. Net exports decreased by 
18% compared with those in 2011. 


Production 


Zircon is a coproduct of the mining and processing of heavy- 
mineral sands for the titanium minerals ilmenite and rutile. 
In 2012, U.S. producers of zircon were DuPont Titanium 
Technologies (DuPont) (a subsidiary of E.I. du Pont de Nemours 
and Co.) and Iluka Resources, Inc. (a wholly owned subsidiary 
of Australian company Пика Resources Ltd.). DuPont produced 
zircon from its operation near Starke, FL, and Iluka produced 
zircon from its operations near Stony Creek, VA. Southern 
Ionics Inc. was developing heavy-mineral deposits in Brantley 
County and Charlton County, GA. Production of 12,000 metric 
tons per year (t/yr) of zircon was expected to begin in late 2013 
(Southern Ionics Inc., 2013). 

U.S. producers of zirconium and hafnium metal were 
ATI Wah Chang (an Allegheny Technologies, Inc. business 
unit) in Albany, OR, and Western Zirconium (a subsidiary of 
Westinghouse Electric Co.) in Ogden, UT. 

The two domestic zircon concentrate producers responded 
to à voluntary survey of domestic mining operations. Data on 
domestic production and consumption of zircon concentrates 
were withheld to avoid disclosing company proprietary data. 
Domestic production of zircon concentrate in 2012 decreased 
compared with that of 2011. 

Data for zirconium and hafnium manufactured materials 
were developed by the U.S. Geological Survey (USGS) 
from a voluntary survey of domestic operations. Of the 41 
operations surveyed, 9 responded, representing 87% of milled 
zircon production. Data for nonrespondents were estimated 
on the basis of prior-year levels adjusted for the effect of 


economic conditions. Domestic production of milled zircon was 
44,600 metric tons (t) (table 1). 
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Consumption 


Global consumption of zircon increased in 2012 largely as a 
result of increased demand in developing economies in Asia and 
the Middle East. Globally, the leading end uses for zircon were 
ceramics, zirconia, zirconium-based chemicals, refractories, 
and foundry and casting applications. Zircon was also used 
as a natural gemstone and may be processed to produce cubic 
zirconia, a synthetic gemstone and diamond simulant. 

Zirconium metal was used in corrosive environments, nuclear 
fuel cladding, and various specialty alloys. The principal uses 
of hafnium were in high-temperature ceramics, nickel-base 
superalloys, nozzles for plasma arc metal cutting, and nuclear 
control rods. 

Zirconium oxide exhibits high light reflectivity and good 
thermal stability and was primarily used as an opacifier and 
pigment in glazes and colors used for pottery and other ceramic 
products. Yttria-stabilized zirconia (YSZ) was used in the 
manufacture of oxygen sensors that control combustion in 
automobile engines and furnaces. YSZ was also used in the 
manufacture of a diverse array of products, including cubic 
zirconia, fiber optic connector components, refractory coatings, 
and engineering and structural ceramics. YSZ was used in dental 
applications, such as bridges, crowns, and inlays, because it 
has two to three times the fracture resistance and 1.4 times the 
strength of similar alumina products. 

Zircon, used for facings on foundry molds, increases 
resistance to metal penetration and gives a uniform finish 
to castings. Milled or ground zircon was used in refractory 
paints for coating the surfaces of molds. Refractory bricks and 
blocks containing zircon were used in furnaces and hearths for 
containing molten metals. Glass-tank furnaces use fused-cast 
and bonded alumina-zirconia-silica-base refractories. 

Baddeleyite was used principally in the manufacture 
of alumina zirconia abrasives and in ceramic colors and 
refractories. 

Ammonium- and potassium-zirconium carbonates were used 
as paper and board coatings or insolubilizers for high-quality 
print performance. Zirconium chemicals were also used in inks 
to promote adhesion to metals and plastics, and as crosslinkers 
in polymers and printing inks. 

Because of its low thermal neutron absorption cross section, 
hafnium-free zirconium metal was used as cladding for nuclear 
fuel rod tubes. Hafnium was used in nuclear control rods 
because of its high thermal neutron absorption cross section. 
Commercial-grade zirconium, unlike nuclear grade, contains 
hafnium and was used in the chemical process industries 
because of its excellent corrosion resistance. Hafnium metal also 
was used as an alloy addition in superalloys. 
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Prices 


After a sharp increase in 2011, the 2012 yearend published 
price range of standard-grade bulk domestic zircon concentrate 
remained unchanged from that in 2011 at $2,550 to $2,750 per 
metric ton (table 2). According to U.S. Census Bureau data, the 
average unit value of imported zirconium ore and concentrates 
was $2,580 per ton at yearend 2012, a 19% increase from that at 
yearend 2011. 

No published prices were available for zirconium metal. In 
2012, the average unit value of imported unwrought powder 
from France was $92 per kilogram, а 44% increase from that in 
2011. The average duty-paid unit value of imported unwrought 
hafnium (including sponge and powder) from France was 
$507 per kilogram, a 796 decrease from that in 2011. 


Foreign Trade 


In 2012, exports of zirconium ore and concentrates decreased 
by 18% (table 3). Most zirconium metal was exported in 
wrought products classified as "Other zirconium" in the 
Harmonized Tariff Schedule (HTS) category 8109.90.0000. 

Imports of zirconium metal, the HTS category 8109, totaled 
567 t in 2012, a 35% decrease from that in 2011. Imports of 
hafnium metal, the HTS category 8112, totaled 23 t, which 
was 13094 more than that of 2011. South Africa supplied most 
(96%) of the zirconium ores and concentrates imported into the 
United States (table 4). Imports of germanium and zirconium 
oxides increased by 51%; China (43%), France (31%), and the 
United Kingdom (23%) were the leading import sources of 
oxides. Domestic imports of ferrozirconium alloys decreased to 
5 t in 2012 from 88 t in 2011. 


World Review 


Excluding U.S. production, world production of СОННА 
mineral concentrates in 2012 was about 1.46 Mt, a 10% | 
decrease compared with revised 2011 data (table 5). Australia 
and South Africa supplied about 67% of all production | 
outside the United States. The leading global zircon producing 
companies were Iluka, Richards Bay Minerals, and Tronox Din 

Australia.—1n June, Tronox Inc. (Stamford, CT) completed the 
acquisition of Exxaro Resources Ltd.'s mineral sand ея 
in Western Australia and South Africa in exchange for a 38,5 У 
equity stake in Tronox. The acquisition included Exxaro s 5096 
interest in the Tiwest J oint Venture in Western Australia that was 
‘ointly owned with Tronox (Tronox Inc., 2012). | | 
! Iluka Resources Ltd. produced 294,000 t of zircon from its 

cU in Australia, a decrease of 46% compared with that 

oraoti Production included 158,000 t from its operations 11 
Te Eucla Basin, South Australia, and Perth Basin, Western 
Australia. Production from Пока? operations in the Mtr А 
Basin, Victoria, totaled 136,000 t (Iluka Resources Ltd., 2013, 
5 am Pty. Ltd. restarted mining operations at its 
Mindarie Mineral Sands, South Australia project in October. | 

ms Zircon's majority owner was Guangdong Orient Zirconic 
күл. Science and Technology Co. Ltd. of Guangdong, China, 
m "s ded to purchase the zircon for use at its manufacturing 
ners China. Murray Zircon expected to produce 

a 
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10,000 tons per month of heavy-mineral concentrate for shipment 
to China for further processing into zircon and titanium minerals 
(Murray Zircon Pty. Ltd., 2012, 2013). 

Production at the Gunson Resources Ltd. Coburn project in 
Western Australia was expected to be 49,500 t/yr of zircon, 
109,000 t/yr of ilmenite, and 23,500 t/yr of a mixture of rutile 
and leucoxene containing 90% ПО,. At these rates, mine 
life was expected to be 19 years. No schedule was given for 
commencement of production (Gunson Resources Ltd., 2014), 

MZ] Resources Ltd. continued to develop the Keysbrook 
deposit, 70 kilometers south of Perth. MZI planned to begin mine 
construction in the second quarter 2013 and to begin mining 
in early 2014. The Keysbrook project was expected to operate 
for 7 years with a potential expansion to 15 or more years with 
additional approvals and land access arrangements. Average 
production during the 7 years was expected to be 62,200 t/yr of 
leucoxene and 28,700 t/yr of zircon (MZI Resources Ltd., 2013, 
p. 3). Mining at the company’s Lethbridge South project in the 
Tiwi Islands commenced in late 2011, and the wet concentrator 
started up in January 2012 (MZI Resources Ltd., 2012, p. 21). 
Extensions to the ore body were identified that enabled mining 
activities to extend to January 14, 2013, and a total of 21,100 tof 
heavy-mineral concentrates were produced before the operation 
shut down (MZI Resources Ltd., 2013, p. 2). 

China.—In September, China's State Nuclear МЕС 
Zirconium Hafnium Co. Ltd. produced 1.1 t of nuclear-grade 
zirconium sponge. This was the first time China had produced 
nuclear-grade sponge and underscored the country's desire to 
lessen dependence upon imported products for its expanding 
nuclear power industry (Mineral Sands Report, 20122). 

Kazakhstan.—TOO Tioline was developing a zircon and 
titanium mineral deposit. Set to reach full production capacity 
in 2014, the company expected to produce 50,000 Џуг of zircon, 
50,000 t/yr of ilmenite, and 12,000 t/yr of rutile (Watts, 2012). 

Kenya.—Base Resources Ltd. expected to begin mining 
operations at its Kwale prospect in July, 2013. During the first 
7 years of operation, production was expected to be 330,000 tyr 
of ilmenite, 79,000 t/yr of rutile, and 30,000 t/yr of zircon 
(Base Resources Ltd., 2012, p. 7). 

Madagascar. —World Titanium Resources Ltd. (WTR) 
planned to begin production at its Ranobe Mine in the Toliara 
Sands Project in southwest Madagascar in the second half 
of 2014. WTR expected to produce 326,000 t/yr of saleable 
ilmenite and 44,000 t/yr of rutile and zircon concentrate over à 
20-year period (Ollett, 2012). ode 

Mozambique.—Kenmare Resources plc's production um 
heavy-mineral concentrates was 772,000 t, a Pes 0 м 
compared with that of 2011 owing to electric supply m 
and geotechnical challenges associated with bh Т dii 
dredge pond and moving the concentrator plant an on ^ : +f 
the side of a hill. In 2012, zircon production was 46, HUN 
increase of 896 compared with that of 2011 (Kenmare 

lc, 2013, p. 20). -nate for 
its Niafarang mineral sands project, south of Dake". erals. The 
‘ning 11% heavy minete». 
ore reserves were 4.65 Mt containing E 13% zircon, 
heavy mineral assemblage contained 7570 1 
and 294 rutile (Astron Ltd., 2012, p. 10). 
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Mineral Deposits Ltd. continued to develop and construct the 
mine and separation plants at its Grande Cote heavy-minerals 
deposit, and initial production was scheduled for 2013. Mineral 
Deposits entered into a joint-venture agreement with ERAMET 
SA (Paris, France), whereby Mineral Deposits 9096 stake in 
the Grande Cote deposit was combined with ERAMET's 100% 
stake in the Tyssedal ilmenite upgrading plant in Norway to 
form a new entity, TiZir Ltd. Once the Grande Cote mine and 
separation plants were fully commissioned, TiZir expected to 
produce an average of 575,000 t/yr of ilmenite, 85,000 t/yr of 
zircon, and small amounts of rutile and leucoxene during a mine 
life of 20 years (Mineral Deposits Ltd., 2012, p. 11). 

Sierra Leone.—Sierra Кише Ltd. (SRL) reported sales of 
28,232 t of zircon and other mineral concentrates in 2012. In 
October, SRL announced plans to develop its Gangama dry 
mining project. Production was forecast to be 83,400 t/yr of 
rutile, 46,000 t/yr of ilmenite, and 9,500 t/yr of zircon and other 
concentrates over a mine life of 6 years. A feasibility study on 
the project was scheduled for completion in the second quarter 
2013 (Sierra Rutile Ltd., 2012, p. 11, 13). 

South Africa.—In June, Tronox (Stamford, CT) completed 
the acquisition of Exxaro Resources Ltd.'s mineral-sand 
operations in Western Australia and South Africa in exchange 
for 38.594 of Tronox's equity. The acquisition included Exxaro's 
74% of Exxaro's KwaZulu-Natal (KZN) Sands and Namakawa 
Sands operations in South Africa (Tronox Inc., 2012). 

In October, Rio Tinto plc acquired BHP Billiton's entire 
holdings in Richards Bay Minerals (RBM) and raised Rio 
Tinto's holdings in RBM to 74% (Rio Tinto plc, 2013, p. 26). 

Vietnam.—The Binh Thuan Provincial Industrial Zones 
Management Authority planned to develop two industrial 
parks in the Bac Binh and Ham Tan districts for processing of 
zirconium and titanium minerals. The provincial government 
was preparing for infrastructure development and calling 
for private investment in plant construction, with production 
expected to begin in 2015 (Vietnam National Coal-Mineral 
Industries Holding Corp. Ltd., 2012). 


Outlook 


Recovery from the downturn in zirconium mineral concentrate 
consumption in 2012 was not expected to occur as quickly as that 
of titanium minerals and pigments, but demand was expected 
to increase with better economic conditions. Several Chinese 
companies were attempting to acquire mining and access rights 
outside of China in order to secure a dependable supply. Iluka 
registered an independent trading company in Shanghai in 
October 2012 to facilitate trade (Mineral Sands Report, 2012b). 
As of September 2011, approximately 46% of Iluka's zircon sales 
were to China (Iluka Resources Ltd., 2011, p. 4). 

Construction and operation of new nuclear powerplants, 
principally in China, were expected to increase future demand 
for zirconium and hafnium metal. China's medium-term to long- 
term nuclear power development program called for an increase 
In its nuclear power capacity from the current level of 9 million 
kilowatts (kW) to 86 million kW. About 30 t of zirconium would 
be required for each million kW and one-third of the zirconium 
would need to be replaced annually. China expected the demand 
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for zirconium by its nuclear power industry to exceed 8,000 t/yr 
during the next decade (Mineral Sands Report, 201 1a). 
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TABLE 1 
SALIENT U.S. ZIRCONIUM STATISTICS! 


! (Metric tons) 
a 2008 2009 2010 2011 2012 
Zircon: 
Production: 
|. Concentrates У У УМУ 
Milled zircon 61500 — 3840 — 46900 53600 44600 
_ Imports for consumption? Зао (14400 — 22900 26500 25,800 
Consumption, apparent? W W W W W 
. Stocks December 31, dealers and consumers — — — — 2660 м МА м № 
Zirconium oxide: 
Production? 18,100 NA NA NA NA 
Exports’ 2,970 3,050 5,630 6,710 6,230 
Imports for consumption" 5,060 2,810 2,920 3,020 4,560 
Consumption, apparent” 20,400 NA NA NA NA 
Stocks, December 31, dealers and consumers" 1,670 NA NA NA NA 
Zirconium, unwrought, waste and scrap, other: 
— Exports 2,670 2,300 2,060 2,000" 1,800 
Imports — 1,030 977 1,160 875' 567 
Ferrozirconium: ME 
_ Exports m 316 566 569 2,680 2,560 
Imports 129 (7) 45 88 5 
Hafnium, unwrought, waste and scrap, other, imports 12 5 8 10 23 
'Revised. NA Not available. W Withheld to avoid disclosing company proprietary data. 
‘Data are rounded to no more than three significant digits. 
"Includes insignificant amounts of baddeleyite. 
"Defined as production plus imports for consumption minus exports plus or minus Government shipments. 
*Excludes foundries. 
*Excludes intermediate oxides associated with metal production. 
*Includes germanium oxides and zirconium dioxides. 
"Less than % unit. 
TABLE 2 
PUBLISHED YEAREND PRICES OF ZIRCONIUM MATERIALS 
(Dollars per metric ton) 
Е Material = | 2011 2012 
Zircon: 
_ Domestic, standard-grade, bulk a 2,550-2,750 2,550-2,750 
Australian, standard-grade, free on board, bulk 2,400-2,600 2,000-2,150 
Zirconia, fused, monoclinic, refractory/abrasive | | Nu 6,500-7,800 6,500—7,800 
Source: Industrial Minerals. 
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ТАВГЕ 3 


U.S. EXPORTS OF ZIRCONIUM, BY CLASS AND COUNTRY! 


Class and country 
Ore and concentrates: 
Belgium 
Brazil 
Canada 
China А 
Colombia 
Germany 
Hong Kong 
Italy 
Japan 
Korea, Republic of 
Mexico 
Netherlands 
Spain 
United Kingdom 
Other 
Total 
Ferrozirconium: 
Mexico 
Other 
Total 
Unwrought zirconium, including powder: 
China 
France 
Germany 
Mexico 
Russia - 
Sweden | 
Other 
a Зе 
Zirconium waste and scrap: 
Belgium 
HongKong ____________---- 
Ns 
Japan | 
Other 
NS. СЕ — 
Other zirconium: — — | _ 
__Сапада ____ 


——— 


orea, Republic of — 


Korea, 


~ Spain _______------ 


_ Sweden 
N cies 


ОВАЈ <= ава Eas 
Revised. -- Zero. 


HTS? 
2615.10.0000 


7202.99.1000 


8109.20.0000 


8109.30.0000 


8109.90.0000 


! Data are rounded to no more than three significant digits; may not add to totals shown. 


?Harmonized Tariff Schedule of the United States. 


Source: U.S. Census Bureau. 


2011 2012 
Quantity Value Quantity | Value 

(metric tons) (thousands) (metric tons) (thousands) 
690 $1,740 1.260 $2,580 
1,860 3,390 7 33 
1,310 2,680 4,950 2430 
2,750 3,580 2.280 3,140 
1,270 2,700 7 Я 
496 1,480 924 1,270 
1,160 2,130 Р $ 
1,010 2,100 1,130 3,830 
1,240 1,850 1,080 1,990 
1,040 1,420 621 2,180 
3,570 6,790 2,710 7,640 
2,420 5,030 1,130 1.030 
2,040 3,770 245 120 
1,130 2,110 1,380 3,050 
2,290 ' 6,180 ' 2,290 5,570 
24,300 46,900 ' 20,000 _ — 34,900 
2,380 6,000 2,400 5,990 
304 ' 719 ' 156 426 
2,680 6,720 2,560 6420 
37 1,850 99 5,480 
231 14,800 50 3,160 
16 1,100 19 1.420 
32 1,140 4 118 
17 780 16 1,040 
35 1,790 140 8,390 
102 3,520 118 4,410 
50 ' 1,950 ' 31 1,320 

528 26,900 477 _ 25,300 | 

| 
34 55] 22 307 

33 2,150 30 1,920 | 

18 621 5 = | 

19 455 12 273 

25 556 -- à | 

5 469 7 640 | 

13 203 ' 5 108 | 
316 26,900 386 34,500 
150 12,800 141 14,100 
92 8,100 29 2,740 

89 7,980 134 13,500 | 

349 32,600 269 20,500 | 
93 16,300 33 507 
131 13,000 114 рет 
107 ' 9,890 US e -- 
1,330 - 127,000 - 1,250 118,000 

RALS YEARBOOK 
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ТАВГЕ 4 
U.S. IMPORTS FOR CONSUMPTION OF ZIRCONIUM AND HAFNIUM, BY CLASS AND COUNTRY’ 


le лу шы ойы ура sh сине a о Шы Ны НЕ на вазе ен 


Class and country 
Zirconium ore and concentrates: 
Australia 
South Africa 
Other 
= Total 
Ferrozirconium: 
China 
Indonesia 


ни ———————— 


„-———————————-—-—— 


Unwrought zirconium, including powder: 
Germany 
_ Japan 
Other .— — 
Total 
Zirconium waste and scrap: 
Australia 
United Kingdom 
- Other 
__ Total 
Other zirconium: 
. Belgium 
Canada 
France 
_ Other 
Total 


Unwrought hafnium, including powder: 
Australia 


France 


Germany 
Other - 
Total 


HTS” 
2615.10.0000 


7202.99.1000 


8109.20.0000 


8109.30.0000 


8109.90.0000 


8112.92.2000 


‘Revised. -- Zero. 


2011 2012 
Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) 
13,900 $30,800 136 $351 
11,300 22,800 24,700 62,500 
1,240 3,940 968 3,590 
26,500 57,600 25,800 66,400 
71 391 (3) 3 
17 12 a ЕР 
(3) 3 69 
mu 88 406 5 72 
41 2,870 25 3,170 
6 105 81 715 
5 304 10 327 
52 3,280 116 4210 
191 357 154 402 
216 451 | 14 
26 ' 713" 8 215 
433 ' 1,520 163 631 
23 537 5 150 
27 3,200 23 3,460 
301 46,700 229 49,600 
39 ' 4,770 ' 31 5,070 
390 ' 55,200 288 58,300 
= = 11 258 
8 4,580 7 3,720 
(3) 4 5 2,280 
2 180 ' (3) 189 
10 4,760 23 6440 


! - бы 
Data are rounded to no more than three significant digits; may not add to totals shown. 


?Harmonized Tariff Schedule of the United States. 


?Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 5 


ZIRCONIUM: WORLD PRODUCTION, BY COUNTRY ^* 


а —_—_—_——— 1E 
— Gem 2008 3X: $30 и M. 


Country? 


Australia 


Brazil 
China* 
India‘ 
Indonesia‘ 


Malaysia 


OE ee pee Ss РН ШЕЕ 


Mozambique 
- 5 
Russia 


Esos MEME MAL LL 


Sierra Leone 


АМА ee ee Е шш шшш к 


Sri Lanka 


әп геле ___ 


Ukraine* 


п, ба: ан шы БИ Е пне шшш шнш ы 


United States 


MAN У ~> ______________________--- 


Vietnam? ° 


= 


Total 


*Estimated. "Preliminary. ‘Revised. W Withheld to avoid disclosing comp 
' World totals and estimated data are rounded to no more than three signifi 


(Metric tons) 
2008 2009 
550,000 400,000 ' 
25,346 ' 34,248 ' 
140,000 130,000 
30,000 37,000 
65,000 63,000 
984 ' 1,145 
32,985 21,100 * 
7,000 5,000 
-- 5,560 
405,000 390,000 
41,000 9,000 
36,000 31,000 
W W 
22,000 ' 6,800 
1,360,000 1,130,000 " 


?Table includes data available through February 20, 2014. 


За та amounts of zirconium mineral concentrates were produced in other countries; 


estimate output. 
^Reported figure. 


‘Production of baddeleyite concentrate averaging 98% ZrO). 


Estimated figures based on Vietnam inferred exports of zirconium ore to China. 


any proprietary data; 
cant digits; may not add to totals shown. 


2010 
518,000 " 
23,235 ' 
140,000 
38,000 
50,000 
1,267 ' 
37,100 
6,000 " 
7,092 
381,000 
11,000 
30,000 
W 
6,900 
1,250,000 ' 


2011 
762,000 


23,283 ' 


150,000 
39,000 
130,000 


1,685 " 


43,600 


6,000 "° 


8,496 
383,000 
30,000 


26,000 ' 


W 
14,000 
1,620,000 


not included in "Total." -- Zero. 


605,000 ' 

23,500 ? 
140,000 
40,000 
120,000 
1,500 

46,900 * 
6,500 
10,200 
380,000 
35,000 
38,000 
W 
14,100 
1,460,000 


however, information is not sufficient to 
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